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Abstract

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

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

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

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

Conclusions:  Using a co-design approach, we integrated multiple perspectives to develop and optimize TELE-TOC, a

patient-centered televisit intervention aimed at supporting discharge care transitions to improve continuity of care and outcomes
for patients with COPD. Future research will evaluate the impact of TELE-TOC on readmissions from acute exacerbations.

(IMIR Hum Factors 2025;12:€77953) doi:10.2196/77953
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Introduction

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

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

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

To address sustainability and effectiveness concerns, our team
hel ped to devel op a pharmacist-led, at-hometelehealth program,

https://humanfactors.jmir.org/2025/1/€77953
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which hasimproved inhaler technique and quality of lifeamong
patients with COPD, while reducing symptoms [20,21]. Other
research has also shown that post-dischargetel evisit medication
reconciliation reduces medication errors across populations
[22,23]. The virtual approach for medication review and
reconciliation and teaching inhaler technique could enhance
COPD education, medication management, and care quality
without increasing costs. Informed by published evidence
[20,21,24], we devel oped an end user—informed, comprehensive,
post-discharge televisit service termed TELE-TOC (Telehealth
Education: Leveraging Electronic Transitions of Care) to
facilitate inhaler education and reinforcement of COPD
self-management skillsand provide opportunitiesfor medication
reconciliation and counseling by clinical pharmacists. Here we
report on the development and prototyping of the TELE-TOC
intervention and identify the components and implementation
process necessary to fit TELE-TOC into our current COPD
HRRP and DTOC (Discharge Transitions of Care) workflow.

Methods

Study Setting

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

Study Approach

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

Care.

CONCEPT GENERATION
AND IDEATION

Targeting patient population
characteristics and needs
* Semi-structured interviews
+ Likert surveys
+ Patient journey mapping

Participants

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

Data Collection

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

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

https://humanfactors.jmir.org/2025/1/€77953

o TELE-TOC HIGH-FIDELITY
PROTOTYPE TESTING
Further refinement of prototype for
testing and evaluation
* Cognitive walkthroughs
* Debriefing interviews
* System Usability Scale surveys

®
oo ‘?
ammn )
TELE-TOC USERS

* COPD patients and
caregivers

* Clinicians (pharmacists,

respiratory therapists,

APNs, RNs, physicians)

o LOW-FIDELITY PROTOTYPE

DESIGN AND DEVELOPMENT
Iterative refinement of user flow and low-
fidelity TELE-TOC prototype
+ Semi-structured interviews
+ Likert surveys

and identified potential facilitators and barriers to
implementation. We asked participantsto rate their experiences
with medi cation reconciliation and COPD medication education
using a Likert scale from 1 to 5, where 1 indicated “not
prepared” or “not good” and 5 indicated “prepared” or “very
good.” We requested patient feedback on preferred televisit
format (phone, text, or video), comfort levels with video
technology, experiences with technical difficulties, and
confidence in internet usability. Phase 3 comprised televisit
walkthrough usability sessions with 4 patients post-discharge
from UCM and 2 clinical pharmacists using the TELE-TOC
prototype, as previous research demonstrated that only 3 - 5
sessions were required to identify most usability issues [28].
High-fidelity TELE-TOC prototypes consisted of interactive
web-based sessions integrated into MyChart (Epic Systems).
Additionally, pharmacists piloted a TELE-TOC—specific
templated “visit note” in the electronic health record (EHR) to
document medication reconciliation and inhaer education
(Figure 2). Participants verbalized their actions during the
TELE-TOC process. After medication review and inhaler
education, patients rated TELE-TOC usability on the system
usability scale (SUS) [29] and completed debriefing interviews
to assess user satisfaction and suggestions for improvement.
Walkthroughs were conducted and recorded via a HIPAA
(Hedlth Insurance Portability and Accountability Act)—compliant
Zoom platform (Zoom Video Communications Inc) (refer to
guidesin Multimedia Appendix 1).
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Figure 2. Screenshot of electronic health record-embedded “visit note” COPD: chronic obstructive pulmonary disease.
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Data Coding and Analysis

We followed an inductive (data-driven) thematic analysis
approach for Phase 1 [30]. Two researchers (JA and EZ)
independently read the data transcripts multiple times and openly
coded the data with keywords representing the data, then
identified relationships among codes, highlighting areas of
similarity and overlap to form subthemes; repeated patterns
among established subthemes identified overarching themes.
Additionally, interview responses informed the devel opment
of aprocess map for care transitions of patients with COPD.

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

Abraham et al

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

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

University of Chicago Medicine.

Medicare Hospital Readmissions
Reduction Program*

UCM
organizational
€ - COPD patients
characteristics
TELE-TOC Inpatient, virtual at-
implementation home, and
process outpatient
COPD  components

clinicians (eg, APNs,
pharmacists,
respiratory
therapists, RNs, and
physicians)
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Measures of
TELE-TOC Quicomes *
Implementation *
Improvements in
medication skill
Adoption technique

Usability

Interoperability Reductions in 30- and

90-day acute care
visits and
rehospitalizations

Sustainability

*Not studied
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Table . Agency for Healthcare Research and Quality—endorsed care transitions framework for the Telehealth Education: Leveraging Electronic

Transitions of Care context.

Domain

Definition

Domain contextualized for TELE-TOC?

Intervention characteristics

Organizational characteristics

Characteristics and roles of clinicians

Characteristics and roles of patients

Process of implementation

Characteristics and features of the intervention
that impact implementation success

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

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

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

Processes including planning, engaging, and re-
flecting to achieve the intended use of the inter-

TELE-TOC characteristics (TELE-TOC visit
scheduling, set-up of thereminders, TELE-TOC
visit content, and TEL E-TOC documentation)

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

Clinicians (medical assistant, patient service

representative, pharmacist, APNSC, RNsY, €tc)
and their rolesin TELE-TOC

Adult, low-acuity patients with COPD® enrolled
in HRRP'

Implementation strategies for TELE-TOC

vention at both individual and organizational

levels

3TELE-TOC: Telehealth Education: Leveraging Electronic Transitions of Care.

bucm: University of Chicago Medicine.

CAPN: advanced practice nurse.

9RN: registered nurse.

€COPD: chronic obstructive pulmonary disease.
"HRRP: Hospital Readmissions Reduction Program.

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

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

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

https://humanfactors.jmir.org/2025/1/€77953

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

Ethical Consider ations

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

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

Results

Study Overview

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

Table. Participant numbers and characteristics by phase.

Abraham et al

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

Participants Phase 1 Phase 2 Phase 3
Clinicians 12 4 2
Pharmacist 2 2 2
Respiratory therapist 3 2 0
Advanced practice nurse 3 0 0
Nurse 1 0 0
Physician 3 0 0
Organizational leaders 5 3 0
Caregivers 2 0 0
Patients 8 6 4

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

Black 8 6 4
White 0 0 0

Other 0 0 0
Non-Hispanic 8 5 4

Sex

Female 4 2 3

Male 4 4 1

Other 0 0 0

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

https://humanfactors.jmir.org/2025/1/€77953
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Phase 1: Current DTOC Workflow for Patients With
COPD

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

pulmonary disease.

INPATIENT PRE-
DISCHARGE
STAGE

* Inpatient consult conducted by APN

» Medicationreconciliation conducted by COPD consult team, primary care team, and pharmacy
team at admission

» Medicationreconciliation and education, led by hospital pharmacy team at discharge

= Discharge packet for COPD managementand medicationinstructions provided to patients at
discharge

» Optional “Meds-to-Beds” program for patientsto receive medication at discharge (as alternative to
going to the pharmacy afterdischarge)

» Qutpatientvisit scheduled for 7- to 14-day follow-up by nursing staff or care transitionteam

¢ Post-discharge phone call provided within 48 hours post-discharge
* Home health care provided for patients with additional needs and insurance coverage
* High-risk patients connected to social services through community health workers

g N

* Post-discharge follow-up visit conducted by APN

» Qutpatientfollow-up visit with primary care physician or pulmonologist attending
* Disease status and medications reviewed and monitored

¢ Further COPD education provided to patient bypharmacyteam

J

All participants emphasized that each stage relied on the key facilitators and barriers to the current DTOC workflow
successful execution of activities in the preceding stage, given  across these stages (Table 3)—with potential impacts on saf ety
the interdependence in the workflow. We identified additional ~ and care continuity outcomes (Figure 5).
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Figure5. Facilitators and barriers to standard inpatient to outpatient Discharge Transitions of Care workflow. COPD: chronic obstructive pulmonary

disease; SES: socioeconomic status.

INPATIENT PRE-DISCHARGE

Active caregiver support

High patient health literacy
E-medication dispense report
Substance abuse

Complex patients with confusing or multiple medication lists

Insurance coverage issues
Low patient health literacy

~

Lack of caregiver support /,
(+ Written discharge materials )
Access to care team via MyChart )
Competing patient priorities (eg, due to low SES)
Failure to fill medications 4
"+ Positive patient-clinician Positive patient-clinician )
relationship relationship
- Limited assessment of patient Limited assessment of patient
understanding understanding Y,

Automatic COPD consultation
“Meds-to-Beds” program
Medication reconciliation at
admission and discharge
“Teach-to-Goal"

Written discharge materials
Follow-up appointment
scheduled at discharge

Limited clinician availability
Limited time for discharge tasks
Competing clinician priorities
Limited communication with
inpatient care team

Clinician fatigue

Process inefficiencies
Distracted or abnormally
functioning patients

Quality differences in education
Confusion about clinician
discharge roles
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48-hour post-discharge follow-up
phone call

Access to home medications
Misplaced or forgotten discharge
materials or nebulizers/inhalers
Improper inhaler technigue

~

Access to medications brought to
appointment

Access to inpatient and
outpatient care teams

Patients not coming to outpatient
appointments

Limited time for medication
reconciliationand COPD
education

Language/cultural barriers Y,
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Table. Phase 1 topics with representative quotes. (+) Observed facilitators to current workflow; (-) observed barriers to current workflow.

Stage and topic

Quote

Inpatient pre-discharge

(+) Medication reconciliation conducted with inpatient team

(+) Efficient meds-to-beds program

(+) Teach-to-goal COPD® education

(+) Teach-back of inhaler education

(+) Building rapport with patients

(+) High patient health literacy

(-) Discharge delays

(-) Insurance coverage issues

Q1. “[The nurses] always keep contact. Because he doesn’t
have—he's not aware of alot of things, and we always keep every-
thing on my phone, his charts and everything. He always tells them,

‘Ask my wife. | don’t know anything.” [CG1?|
Q2. “Wetry...talking to caregivers and involving caregivers on that

discharge med reconciliation process.” [CSb]

Q3. “I think that one of the tools that pharmacists sometimes use for
medication reconciliation...It's a button called the dispense report in
Epic, which can show you what patients have picked up at local
pharmacies.” [C11]

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

Q5. “Our pharmacists will make sure everything's clinically rele-

vant...[ The prescription] goes over to atechnician who entersit, fills
it, getsit ready. Before we deliver it to the patient, my pharmacist

will do amed education over the phone with the patient. So, they call
the patient, do education. Once the patient confirms they understand
what they're taking, what they’re receiving, the technician will take
it and deliver it to theroom. And then the patient i s discharged home.”

[oL3Y

Q6. “Redlly, the first step isjust to have them try to explain it to
me...what they’re doing. And not only what they're doing, we try to
get them to verbalize why they think they’re doing it and connect
those dots. So that's the primary mechanism.” [C2]

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

Q8. "What | like alot iswhen...the patient’s...very well-educated,
and they take care of their own health...I’ll go over the medications.
They'relike, ‘Yup, | know what thisisfor. | takeit at thistime.” And
they verbally understand, and they can kind of repeat back to me,
what’s going on. And they aready know that their scripts are ready
at home aswell.” [C10]

Q9.“Ontheday that I’ m supposed to be released, it was either you're
waiting for the doctorsto do the final paperwork, and the nurses
having to bring it together to even the pharmacy gathering up the
medicinesthat you'll be taking homewith you to carry you until you
get it going with your primary care and your pharmacist. So those
werethingsthat you just simply haveto wait. And if one couldn’t do
something without—the pharmacist [can’t] do their thing until the
doctor doestheirs. And the nurse can't do their thing until the doctor

does their thing.” [P4%]

Q10. “1 would say 50% of drugs that we receive require prior autho-
rization. If it's a prior authorization and we can’t get it approved in
time or we can't get it switched to a different therapy, we tell the
patient to go home, and then we'll work on the prior authorization.”
[OL3]

https://humanfactors.jmir.org/2025/1/€77953

RenderX

JMIR Hum Factors 2025 | vol. 12 | €77953 | p.32
(page number not for citation purposes)


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

JMIR HUMAN FACTORS

Abraham et al

Stage and topic Quote

(-) Absent or incomplete medication reconciliation .

(-) Low patient health literacy .
(-) Poor timing of COPD education .
(-) Loss of patient follow-up .
(-) Varied quality of education .
(-) Limited knowledge of patient medications .
(-) Time barriers and competing priorities .

At-home post-discharge

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

Q12. “Unfortunately, the great majority of our patients don’t know
their meds. And so, trying to speak to them about what is accurate
and what might not be accurate on their medication list isachalenge.”
[c2]

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

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

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

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

Q17.“1 think alot of it isdone by pharmacy or nursing. The physician
teamsare not sitting and going through medications with patientsfor
the most part.” [OL1]

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

Q19. “The other times when med reconciliations kind of fall apart
areif they get admitted in very severeillnessin the MICU, they're
focused on stabilizing the patient rather than on the med reconcilia-
tion, and so sometimes...it's not prioritized as much asit could be...”
(Co]
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Stage and topic

Quote

(+) Active post-discharge communication

(+) Use of MyChart portal to facilitate communication

(+) Caregiver support

(+) High patient health literacy

(- Low patient health literacy

(-) Cost-related nonadherence to COPD management

(-) Comorbidities impacting patient health

Outpatient post-discharge

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

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

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

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

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

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

Q26. “We do want our patients to be involved as much as they can
bewiththeir plan of care...But itisalot for them at times...Sometimes
we' |l have charts of different inhalers, because they’ll be trying to
explain to us, ‘Oh, | lost thisone’” [C4]

Q27."Unfortunately, again, it'sthis demographic where thereissuch
ahigh amount of poor health literacy, competing priorities with pa-
tients, housing instability, food insecurity, all of those things. So
taking all [medications] of thisinisjust not on the top of their prior-
ity list” [C1]

Q28. “1 think in terms of barriers...they may have different social
situations or socioeconomic factors that kind of contribute to them
being able to even take care of themselves when it comesto their
health.” [C5]

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

Quote

(+) Medication review in clinic

(+) Caregiver support

(-) Missed appointments due to travel barriers

(-) Missed appointments due to costs

(=) Incompl ete information/ communication with outpatient team

o Q30. “[Inmy] follow-up visit with primary care...[We go over] full
medication review, how I'm feeling, [ask about] medicinel’ m taking
and everything.” [P7]

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

o  Q32."Also encourage them, if thereisafamily member or someone
elsethat is sort of helping them with meds and kind of to keep things
straight, to bring that patient—abring that person, rather, to the appoint-
ment* [C2]

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

o Q34.“They discussed] price, like how would amedicine be obtained
or any co-pays, any substitutions, or generic types. Because | was
switched over to this Eliquis and more could have been explained
about that.” [P4]

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

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

«  Q37."I think the other thing, too, is, depending on the patient’s envi-
ronment...there might be alanguage barrier aswell.” [OL3]

8CG: caregiver.

bC: clinician.

SCOPD: chronic obstructive pulmonary disease.
doL: organizational leader.

P patient.

Inpatient Pre-Discharge Stage

Facilitators

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

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

https://humanfactors.jmir.org/2025/1/€77953

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

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

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

Barriers

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

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

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

Additionally, with several inpatient team members visiting the
patient and multiple lines of COPD therapy, confusion
sometimes arose about instructions (Table 3, Q16). A few
clinicians reported that with 6 - 12 patients to manage
simultaneously, challenges such as fatigue and limited
understanding of roles and responsibilities in the discharge
process prevented complete and successful education (Table 3,
Q17 and Q18). Due to excessive clinician workloads, many
stated that they frequently prioritized direct care over medication
reconciliation and COPD education. As a result, only 17% of
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Phase 1 clinicians (2/12) felt that patients were prepared to
manage their COPD following discharge (Table 3, Q19).

At-Home Post-Dischar ge Stage

Facilitators

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

Q24).
Barriers

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

Outpatient Post-Dischar ge Stage

Facilitators

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

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

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

Barriers

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

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

Abraham et al

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

Phase 2: Potential Role and Impact of Televisit
Intervention on DTOC Workflow

Following our assessment of the DTOC workflow, we designed
the televisit service with an initial, post-discharge, at-home
televisit, followed by additional follow-up televisits before or
after outpatient follow-up to maintain continuity of care. We
developed a low-fidelity, televisit prototype for virtual
pharmacist-led follow-up to provide inhaer training and
medication reconciliation. Based on participant feedback, we
categorized intervention design requirements as core
(fundamentadl) or flexible (aspectstail ored to patient preference)
(Figure 6).

Figure 6. Telehealth Education: Leveraging Electronic Transitions of Care—integrated inpatient to outpatient Discharge Transitions of Care workflow.
COPD: chronic obstructive pulmonary disease; TELE-TOC: Telehealth Education: Leveraging Electronic Transitions of Care.
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Participant-proposed core components included a dedicated
care transition clinician role, medication reconciliation, and
coordination with outpatient care teams, and COPD education
to reinforce inhaler techniques and skills with teach-back.
Flexible components, adapted to patient needs and preferences,
would include format, structure, reminders, and platform
options. Participants felt that multiple options for these
componentswould allow for flexibility and customization based
on patients preferences and needs. During the televisits,
clinicians would use a checklist to ensure thorough inhaler
education and teach-back. Additional patient COPD resources
would be provided, including an inhal er use handout with visual
aids and step-by-step instructions.

https://humanfactors.jmir.org/2025/1/€77953

*Flexible components

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

CTF? domain and topic

Quote

Intervention characteristics

(+) Use of televisit reminders

(+) Convenience of televisit

(+) Flexible televisit timing and frequency

(+) Convenient documentation and education viatelevisit

(+) Dedicated role to support patients post-discharge

(-) Patient lack of access to technology

Characteristics of clinicians

Q1. "Maybe there’s an initial text message that you're set for your
appointment, thisisyour day, maybe 24 hours prior and then an hour
maybe prior to their visit...Because | think that will remind a pa-
tient...like, ‘Hey, it'stime for you to get ready for your tele visit.
Please sign on.” And maybe there’s the link, and they go right to that

link, and it takes them right to the visit." [OL6]b
Q2. “A text would be best [to remind me].” [P9]°

Q3. “Whenit becold and they don’t have me coming out, that’swhen
| doit onthe phonewith thedoctors...Yesh. Andraining. | ain't going
outintheran.” [P11]

Q4. “We've actually seen an increase of [patients] attending visit(s)
when it wastel eheal th because they didn’'t have to worry about getting
aride or commuting here.” [OL3]

Q5. “[Wait to schedule the visit for] at least about aweek...And that
way, they...try to get familiarized with their house again because...com-
ing home from the hospital is an experience.” [P14]

Q6. “I think most of the time, patients are still overwhelmed when
leaving the hospital...| think the sooner, the better to ensure that they
start off on the right foot as far as utilizing their medications appro-
priately to prevent readmission.” [C16]d

Q7. “1 think two to three visits would be reasonable...” [C15]

Q8. “One of the cool things about telehealth isyou can actually have
someone show you. So as long as they were doing it through a cell
phone or alaptop or was mobile, | would say, * Okay. Show mewhere
you're storing your medications.” But through having patients show
me their meds, | had a checklist of...isit being stored at the correct
temperature, right? Isit in their fridge or not? Isit being stored
mindfully with regard to if it's something that shouldn’t be exposed
tolight?’ [C11]

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

Q10. “In thefirst half, making sure there's no contraindications or
medication, like disease and drug interactions. | always document
that it'savirtua visit. And | also document if an interpreter or
trandator is needed. In the second half, | talk about medications: ‘Are
you still taking amlodipine? What are you taking for blood pres-
sure...\What medications are you taking? " [C14]

Q11. “Just need the support (for a patient), either over the phone or
in person to help navigate.” [P9]

Q12. “You want to make sure people have a camera, obviously, to
use the video visits...So, getting a webcam. Making sure you either
have headphones or a speaker or some way that you're going to
physically communicate because alot of the webcams may have
speakers but may not necessarily have amicrophone to pick up
sound.” [C15]

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

Quote

(+) Clear roles and responsibilities for clinicians

(-) Lack of clinician bandwidth

(-) Inahbility to conduct in-person physical assessments

Characteristics of patients

(+) High patient health literacy

(-) Low patient health literacy

(=) Low patient technology literacy

Process of implementation

Q14.“| think you a so need a PSR to schedulethem...It'sabig burden
to worry about constantly scheduling the patients. What we do iswe
provide the schedulers with atemplate of the times where we are
available, and then the schedul ers place patients on that schedule.”
[C14]

Q15. “1 think the person that probably has the |east time (to conduct
atele-visit) is probably the MD...It's hard to say. My mind drifts to-
wards RN maybe having moretime.” [C13]

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

Q17. “Some patients feel like it's not agood visit, likeit'snot areal
visit because we didn’t touch them or really get to see them or do
full vitals.” [C1]

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

Q19. “I dothink you'reright. | think that there are some patientswho
you could probably do thisin 10, 15 minutes, and it just goes by re-
aly quickly, and other patients that are going to take 45.” [C3]

Q20. “Oftentimes, our patients have a gap in hedlth literacy which
impedes some things, which thiswould be anice bridge to. But there
would be aso the concern that their technical literacy might also
prevent them from doing avisit..” [OL4]

Q21. “What istheir, | guess you can say, digitd literacy? Do they
know how to useit? Do they know how to get on to that?...When |
think about the popul ation that are most likely COPD, it'susually an
older population. | don’t know if they understand how to use that
technology.” [OL3]
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CTF? domain and topic

Quote

(+) Provision of training strategies for patients

(+) Back-up strategies for implementation

(+) Use of hands-on teaching strategies

(+) Incorporation of buy-in strategies

(-) Health care hierarchy clashes

Organizational characteristics

(-) Insufficient funding

(9 Lack of TELE-TOCE ownership

o Q22.“So, | mean, if we'redoing these visitsthrough like atelehealth
type visit...maybe it's techniques of how to be able to engage with a
patient through aZoom type of link and different techniquesto make
surethat you can assess the patient is able to do the proper techniques
if they're using an inhaler or something.” [OL6]

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

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

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

o Q26. "I think doing the telemedicine at the skilled nursing facility
is...realy difficult. And the reason...is because they basically have
somebody there giving them the medication...And theoreticaly, it's
atrained professional who should be watching them do it. So | think
that's difficult. Areyou kind of stepping on someone’s toes by doing
it there?| don't know.” [C13]

o Q27.“l think that you're going to want to think about how...if the
program is successful, how are you going to sustain it? A lot of these
things that—it's great. They get grant funded. They get devel oped.
And then once the grant funding runs out, then sustainability becomes
anissue” [OL1]

«  Q28."“Oneof thethings we had to figure out was who’s going to own
this process? Wasit going to be nursing? Wasit going to be my team?
Wasit going to be ambulatory? And so, coming up with that solution,
| think, isone of theinitial steps.” [OL5]

8CTF: Care Transitions Framework.
boL: organizationa leader.

°P: patient.

dc: dinician.

®TELE-TOC: Telehealth Education: Leveraging Electronic Transitions of Care.

Intervention Characteristics

Facilitators

All participantsfelt that televisits could be supported with 2 - 3
text or phone call remindersto increase attendance and effective
usage. While most were flexible with reminder timing, some
specifically requested a reminder the day before or on the day
of the televisit. Patients who preferred text reminders also felt
that helpful messages should include tele-visit details (eg,
clinician information, timing, and connection instructions)
(Table4, Q1 and Q2). Several patients believed that clarification
for questions and concerns was more easily addressed via
televisit between discharge and outpatient follow-up, allowing
easy accessto apharmacist in the comfort of their homes (Table
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4, Q3and Q4). All patientsand most cliniciansand OLsbelieved
that 2 - 3 televisits would be optimal (Table 4, Q7). They also
felt that patients needed to settle in at home, observe treatment
effectiveness, and gather any questions or concerns they have
regarding medication use or dischargeinstructions, so televisits
should be scheduled at least aweek past discharge (Table 4, Q5
and Q6).

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

Barriers

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

Clinician Characteristics

Facilitators

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

Barriers

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

Patient Characteristics

Facilitators

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

Barriers

Somecliniciansand OLsworried that poor patient health literacy
or technology literacy could negatively impact patient
engagement during the visit, limiting the effectiveness of
televisit outcomes (Table 4, Q20 and Q21). A tota of 50% of
Phase 2 patients (3/6) stated they had never used video
technology platforms or conducted televisits, and several were
not comfortable with FaceTime (Apple, Inc), WhatsApp
(WhatsApp LLC), or other video chat technologies, scoring
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their comfort amean (SD) score of 2 (2.00). Furthermore, some
clinicians predicted that patients might have difficulty using
apps such as Zoom videoconferencing software or the MyChart
patient portal. Only 1 patient respondent was 100% comfortable
using the internet, and many stated that they would need help,
with amean (SD) score of 2.3 (1.63).

Praocess of Implementation

Facilitators

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

Barriers

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

Organizational Characteristics

Facilitators

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

Barriers

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

Phase 3: Participant Perceptionsof TELE-TOC
Prototype

Following 5 walkthroughs with our high-fidelity TELE-TOC
prototype, patients and pharmacists discussed their perceptions
of TELE-TOC and identified facilitators and barriers to
TELE-TOC overal, medication reconciliation, and inhaler
education. Furthermore, suggestions for improvement were
made (Table 5).

JMIR Hum Factors 2025 | vol. 12 | €77953 | p.41
(page number not for citation purposes)


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

JMIR HUMAN FACTORS Abraham et &

Table . Phase 3 topics with representative quotes. (+) Observed facilitators to Telehealth Education: Leveraging Electronic Transitions of Care; (-)
observed barriers to Telehealth Education: Leveraging Electronic Transitions of Care.

Theme and topic Quote

Participant perceptions of TELE-TOC?

Appropriate content and duration of TELE-TOC sessions « QL. “I still have some questions too. And with the pharmacists too,
we could sit down and we could talk alittle bit more. | figured we

didn't talk long enough.” [P16]°

o« Q2. “[Thetele-visit] gaveyou al the—it gave me al theinformation
| needed to help me, like | said, because | have to help me, not just
let somebody else help. So that'swhat | like about this” [P17]

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

« Q4.“[Theinhaler instruction] was easy because | can actually see
the way he was showing me how to do it because I'm avisualist. |
need to be ableto see you do it so | know, ‘Okay. Thisishow | need
todoit." And that helped me.” [P17]

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

. Q6."“Forme,it'sjust like asparklethat somebody even cared enough
to talk later...You came in there—you came in there and talked to
me, and | feel like we've been knowing each other for—do you un-
derstand what I’'m saying?’ [P18]

Experiences with medication reconciliation component of TELE-TOC

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

(+) Easy access to patient health information via MyChart « Q8. [Upon clinician asking if the patient was taking Lasix] "1 was
taking some Lasix. And | wasjust told to |eave that alonetoo. SolI’'m
not taking Lasix anymore...They cut that out.” [P16]

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

(+) Improved understanding of medication through in-depth patient edu- «  Q210. “When you give somebody or tell somebody to take stuff, tell

cation them what it's for and make sure they understand what it’s for. Just
don’t [say] like, ‘ Here, take this here three times aday and call me
next week and let me know how you feel.'” [P16]

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

medicine, and it allowsiit to get fully into our lungs.” [Cl7]d

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

Experiences with inhaler education component of TELE-TOC
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Theme and topic Quote

(+) Enhanced inhaler education through visual cuesfromvideotechnology .  Q13.“Sowhat I'm going to have you do isyou're just going to act.
Aswe go through this, you're just going to act like you're taking it.
I’m not asking you to take an extradose. But as we go through it, |
want you to show me what you would normally do. So from the be-
ginning, and don’'t open the lid all the way, that’ll waste a dose, but
we'll act likethelid isopen.” [C18]

(+) Improved understanding of inhaler education through teach-back «  Q14.“I'mgoing to go ahead and show you really quickly. I'm just

method going to show you the steps and how | would usetheinhaler and then
have you show me one more time on how you go ahead and use it,
okay?...[Upon explaining the steps and demonstrating inhaler use]
That'sal | would do...Can you just go ahead and show me one more
time how you would do it?" [C17]

(-) Lack of patient understanding despite education o Q15.“[My confidencein my inhaler useis] till upintheair because
| don’t know what triggersit. | don’t have afull understanding of my
concentrators, of how they’re working and what to look for or when
do | need to change the hoses on that and stuff. So thereis still alot
more to be done with this topic.” [P16]

TELE-TOC use and implementation
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Theme and topic

Quote

(+) Smooth TELE-TOC process

(+) Convenient use of video technology

(+) Helpful reminders for sessions

(-) Patient desire for more in-depth education

(-) Technical issues with Zoom

(-) Low patient technology literacy

(-) Confusing “visit note” for pharmacists

Suggestions for improving content and implementation

Q16. “Yeah. It was not something that | had to think hard about. It
was easy for meto just go with the flow. | didn’t have to struggle
trying to understand, “ Okay. What arethey going to ask?’ | just went
with it, and everything flowed right through naturally for me.” [P17]
Q17.“Intermsof thelast one, | think, honestly, overall, the flow was
alittle bit better. Obviously, this patient didn’t have their medications,
but that is real world. But | think overall, say we were able to do the
full visit top to bottom...” [C17]

Q18. [Interviewer asks whether the order of the tele-visit was easy
to follow] “Yeah. Because | [inaudible] | seeit.” [P15]

Q19. “[Thetele-visit was] Great. | don’t have to come out. [laughter]
| kind of struggle with [leaving the house]. And then | got anxiety.
So, thefact is, when | can't breathe, | panic, and it's bad.” [P15]
Q20. “I felt good because I’ m comfortable here. | didn’t haveto come
out into the cold or sitting in an office where I'd be uncomfortable.
I’m comfortable sitting here. I've got my oxygen on too, so. But it
felt good to be able to be at home and do something like this.” [P17]

Q21.“| appreciated [thereminder]. Yeah, it was very helpful because
sometime | will forget some stuff. Then this morning they sent me
oneat 7:47to say, ‘It'stimetolog in.’ So | was ableto log onin.”
[P17]

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

Q23. “I can't hear them. Can't hear anybody.” [P16]

Q24. “My phone is not muted. My phone is not—hold on. Let me
see. Microphone, iPhone microphone. We have your audio. | don’t
know why you can’t hear me.” [C18]

Q25. [When asked about difficulty of logging into MyChart for tele-
visit] “Usualy, it'sreally hard for me to get in, and | just give up.
But it really wasn't that bad. | guess | needed the hands-on to show
me how to doit.” [P15]

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

Quote

Ask patients to prepare medications prior to sessions

Provide detailed education on COPD

Provide clearer inhaler instructions at discharge

Provide atutorial for TELE-TOC video chat

Amend “visit note” for streamlined sessions

Conduct TELE-TOC in agroup setting

Target patients with medication needs

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

o Q28.“[I'dlike to know more about...]| Maybe the causes of COPD.
And how it could betreated. [Clinicians] usually just give you apaper
and tell you to read aftercare, but | think if you talk about it more,
people will understand it more.” [P15]

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

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

o Q3L “Probably, just the template of the note | would reorganize a
little bit because it kind of goes from med rec to COPD med rec and
then—or COPD meds, and then it goes back to med rec again, which
definitely threw me off. And there'salot of noisein the note, soit's
kind of hard to—while you're trying to look at a patient, look at a
note, but then also conduct something, it'salot to go back and forth.
So | think probably rearranging the note alittle more will be pretty
beneficial by kind of just grouping med rec and then all the COPD
stuff itself.” [C17]

« Q32.“lwouldliketodoit asagroup. I'd like to have more than one,
besides me, | want to have another patient there with me also. So we
can compare our notes together. Me and that patient can talk. And
that way, you'll get a better understanding [of] how we feel...” [P16]

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

3TELE-TOC: Telehealth Education: Leveraging Electronic Transitions of Care.

bp: patient.
SCOPD: chronic obstructive pulmonary disease.
de: dinician.

Participant Perceptionsof TELE-TOC

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

https://humanfactors.jmir.org/2025/1/€77953

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

Experiences With Medication Reconciliation
Component of TELE-TOC

Facilitators

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

Barriers

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

Experiences With Inhaler Education Component of
TELE-TOC

Facilitators

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

Barriers

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

TELE-TOC Use and I mplementation

Facilitators

Overall, patients noted that TELE-TOC's flow was easy to
follow and led to a more streamlined process of medication
reconciliation and inhaler education (Table 5, Q16). Both
pharmacist interventionists agreed that both components of
TELE-TOC were easy to complete smoothly, and TELE-TOC
did not require too much extrawork to conduct (Table 5, Q17).
Using video technology also allowed patients to speak to their
pharmacists from the comfort of their home. Unanimously,
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patients agreed that the telemedicine nature of the intervention
allowed for improved access to their clinicians and increased
the likelihood of attending the virtual session, in comparison to
a similar in-person follow-up (Table 5, Q18-Q20). Additional
facilitators to TELE-TOC implementation included patient
reminders via MyChart to ensure patient attendance (Table 5,
Q21), as well as technology literacy among pharmacists to
correctly set up visits. Both pharmacists noted that they did not
have issues with navigating TELE-TOC or MyChart.

Barriers

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

Q22).

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

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

Suggestions for Improving TELE-TOC Content,
Function, and Implementation

Following the discussion of the barriers to their TELE-TOC
experiences, participants provided afew suggestionsto mitigate
these challenges. To combat a lack of patient preparation for
and to streamline medication reconciliation, it was suggested
that pharmacists ask patients to preemptively prepare their
medications prior to TELE-TOC (Table 5, Q27). Furthermore,
more detailed education and anticipatory instructionson inhaler
useand general COPD management were suggested asamethod
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to support patients who still felt unsure in how to care for their
conditions (Table 5, Q28 and Q29).

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

Discussion

Principal Results

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

Whilethe study was open to patients of al racesand ethnicities,
all enrolled patientsidentified as Black and non-Hispanic. This
aligns with trends observed in UCM’s COPD HRRP, in which
alarge proportion of eligible patients are Black. Asaresult, our
study sampl e reflectsthe demographic makeup of UCM’s patient
population. Severa factors, including lower utility of health
care services, health insurance coverage, and behavioral
differences (eg, smoking habits), haveincreased COPD’simpact
on Black patients [36,37]. Hence, Black patients hospitalized
with COPD exhibit greater symptom severity and have
significantly higher odds of 30-day readmission in comparison
to non-Hispanic White patients [38-40]. Despite this
disproportionate effect, very few studies examining the
implementation and effectiveness of COPD DTOC interventions
have explicitly included Black populations [41].

Comparisons With Prior Work

Our study corroborates existing literature, which emphasizes
clinician COPD training and positive patient-clinician
relationships as key facilitators to successful post-discharge
care, longside key barriers such asresource constraints, limited
patient understanding of the education provided, and
inappropriate alocation of tasksamong clinical staff [17,42,43].
However, weidentified additional barriers not widely discussed
in prior research, such as patients using cash online pharmacies,
resulting in undocumented medication use. This underscores
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the importance of accurate medication reconciliation, which is
often limited in hospital settings.

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

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

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

Limitations

We acknowledge our study limitations. First, thisisasingle-site
study at an urban academic medical center, which may limit
generalizability. In particular, the racial homogeneity of our
study sample may limit the generalizability of our findings to
the broader US population. Nevertheless, this study attemptsto
address the research gap in developing COPD discharge care
transition interventions to meet the needs of Black patients.
Second, we acknowledge that within our small samplefor Phase
3, some patients mentioned familiarity and experience with
using phones and computers to perform tasks, including video
calls. This experience with technology may strongly contribute
to their usability ratings, and we acknowledge that our SUS
findings may reflect limited sample diversity. However, as
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previously mentioned, televisit proficiency increased
significantly during the COVID-19 pandemic, and we anticipate
that within our current randomized controlled trial, with alarger,
more diverse sample, we may see similar TELE-TOC
proficiency among our target population. Third, the feasibility
of televisit interventions may not be applicable across health
care organizations, depending on institutional resources. To
best address this, we will develop an evidence-based roadmap
for pragmatic implementation and dissemination of TELE-TOC
across diverse rural, urban, and suburban US hospitals.

Conclusions

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

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

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

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

Results: Inphase1, 10 CKD dyads (19 individuals) reported high acceptance (mean overall satisfaction 4.1/5), valuing real-time
interaction, convenient health data monitoring, and educational resources. In phase 2, 5 experts found high usability compliance
(89% - 93%) but noted navigation complexity and the need for more interactive feedback. In phase 3, usability testing with 5
dyads showed high task success (60% - 100%) and short completiontimes (1 - 5 minutes). Extended app tasks used for structured
self-monitoring achieved higher satisfaction, reflecting simpler navigation than tasks within the LINE OA (mean After-Scenario
Questionnaire 5.64 vs 3.87). Navigation difficulties within LINE OA were likely due to multilayered menus and limited
customization. The average System Usability Scale was 67.5, indicating marginally acceptable usahility.

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

(IMIR Hum Factors 2025;12:€73935) doi:10.2196/73935

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

Background

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

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

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

https://humanfactors.jmir.org/2025/1/€73935
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DHIs supporting multifaceted CKD management for this older
population through a LINE Official Account (LINE OA).

Previous Work

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

Objectives

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

Methods

Study Design

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

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

Step 1: Platform Establishment

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

https://humanfactors.jmir.org/2025/1/€73935
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Step 2: Technical Partner Collaboration

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

The service menu content and layout were designed not only
by following the DDEF but also in consultation with a health
education nurse from a university-affiliated hospital and 2
nephrologists, ensuring the platform met clinical needs. Through
the integration of LINE OA and AlleyPin Interactive’'s AP
plug-in, our platform now effectively adopted 3 digital
strategies—*Digital Education,” “Digital Feedback,” and
“Digital Communication” —to support CKD dyads. To further
apply the other 2 digital strategies—"Digital Monitoring” and
“Digita Anaysis” an extended app was developed and
integrated with the LINE OA in the next step.
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Step 3: Extended App (AppSheet) Devel opment

After exploring various options and evaluating alternative
platforms, the team discovered that Google's AppSheet platform
could effectively compensate for the current platform’'s
shortcomings and integrate with LINE OA. AppShest is a
platform for devel oping mobile and web appsthat do not require
programming code and can integrate with cloud spreadsheets
or databases such as Google Drive and Office 365 as data
sources [25]. The team immediately began developing the app
prototype and conducted iterative testing.

Step 4: Platform Integration and I ntervention Design

Asthedigital platform was not sel ected during the devel opment
of DDEF, theteam, after the platform selection and devel opment
process outlined in steps 1-3, reviewed the correspondence
between the DDEF and the functions provided by thisintegrated
digital platform. Based on this, interventions were designed to
promote lifestyle modification for CKD dyads.

https://humanfactors.jmir.org/2025/1/€73935
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Platform Trial Use

After establishing our digital platform prototype, the team
invited 10 early-stage CK D (stages 1-3) dyadsreceiving regular
treatment at a university hospital to use the platform in their
daily lives. Besides assisting dyads in installing the digital
platform on their smartphones, a user manual (Multimedia
Appendix 1) was provided for each dyad to learn the operations
at home. At thetime of enrollment, operational instructionsfor
various functions were provided by aresearch assistant (CY H)
according to the manual.

A user feedback form (Multimedia Appendix 2) was provided
to befilled out by the dyads at |east 1 month apart during their
next clinic visit. For each of the 6 major functions, the form
assessed the following five elements: (1) interface clarity, (2)
ease of operation, (3) acceptability: like or nat, (4) intention to
continue usage, and (5) satisfaction rating from 1 to 5 (Table
1). A brief interview was conducted with each dyad to obtain
further feedback. The platform was iteratively optimized based
on both system usage data and user feedback.
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Table. Content of user feedback form for phase 1 dyadic trial use®

Hoetd

Element (item number) and question Type
Interface clarity (N-1)
Arethere any unclear elementson  Yes/No
the screen?
If yes, please specify. Short answer
Ease of operation (N-2)
Isthis function easy to use? Yes/No
If not, please explain why. Short answer
Acceptability (N-3)
Do you like this function? Yes/No
Tell uswhat you like about this Short answer
function?
If youdislikethisfunction, how can  Short answer
we improve?
Intention to continue usage (N-4)
Will you keep using thisfunction?  Yes/No
Why or why not? Short answer
Satisfaction (N-5)
Please rate your satisfaction with ~ 5-Point Scale
thisfunction on ascalefrom 1 to 5.
Previous experience (7-1)
Have you ever used any other apps Yes/No
or websites for managing chronic
kidney disease?
If yes, what did you like or dislike ~ Short answer
about them?
Genera platform satisfaction (7-2)
What is your overall satisfaction 5-Point Scale
rating with our platform?
Will you continue to use our plat-  Yes/No

form for chronic kidney disease
management?

& temsN-1 to N-5 areinquired repeatedly for each of the 6 functions of the platform, resulting in atotal of 30 questions. Items7 - 1and 7 - 2 aregeneral
guestions asked once, adding 2 more questions. Therefore, the total number of questionsin thisformis 32.

Phase 2: Heuristic Evaluation

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

The team referred to Moran and Gordon's [27] suggested
heuristic evaluation steps and designed an eval uation form based
on their published Heuristic Evaluation Handbook. Considering
that the digital platform’saccessisnot limited by time or space

https://humanfactors.jmir.org/2025/1/€73935

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

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

Explanation

Assessment questions

Principle 1:
Visibility of System Status

Principle 2:
Match Between System and the Real World

Principle 3:
User Control and Freedom

Principle 4:
Consistency and Standards

Principle 5:
Error Prevention

Principle 6:
Recognition Rather Than Recall

Principle 7:
Flexibility and Efficiency of Use

Principle 8:
Esthetic and Minimalist Design

Principle 9:

Help Users Recognize, Diagnose, and Recover
From Errors

Principle 10:
Help and Documentation

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

The design should speak the users' language.
Usewords, phrases, and concepts familiar to the
user, rather than internal jargon. Follow real-
world conventions, making information appear
inanatural and logical order.

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

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

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

Minimize the user's memory load by making el-
ements, actions, and options visible. The user

should not have to remember information from
one part of the interface to another. Information

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

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

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

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

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

o  Doesthedesign clearly communicate its
state?

« Isfeedback presented quickly after user ac-
tions?

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

« Do thedesign’s controls follow real-world
conventions?

« Doesthedesign alow usersto go back a
step in the process?

« Areexitlinkseasily discoverable?

« Canuserseasly cancel an action?

« IsUndo and Redo supported?

o Doesthedesign follow industry conven-
tions?

« Arevisua treatments used consistently
throughout the design?

« Doesthe design prevent dips by using
helpful constraints?

o  Doesthe design warn users before they
perform risky actions?

«  Doesthedesign keep important information
visible, so that users do not have to memo-
rizeit?

«  Doesthe design offer help in context?

«  Doesthe design provide accelerators such
as keyboard shortcuts and touch gestures?

« Iscontent and functionality personalized or
customized for individual users?

« Isthevisual design and content focused on
the essentials?

« Haveall distracting, unnecessary elements
been removed?

«  Doesthe design use traditiona error mes-
sage visuals, such as bold, red text?

«  Doesthedesign offer asolution that solves
the error immediately?

« Ishelp documentation easy to search?
« Ishelp provided in context right at the mo-
ment when the user requiresit?

8Adapted from the “Heuristic Evaluation Workbook,” by K. Moran & K. Gordon, 2023, Nielsen Norman Group.
brield labels are commonly used in forms to provide context for information input.

Consistent with Donald et a [29], the evaluators assessed the
degree to which each of the 6 major functions from our digital
platform complies with the 10 usahility principles. They gave
ratings of “~1 (does not comply),” “0 (partially complies),” or
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the assessed principle does not apply to aspecific function, they
can select “N/A (not applicable).”

Phase 3: Usability Testing

Usability testing involves observing how usersinteract with the
platform to fulfill their needs; understanding their behaviors,
preferences, operational strategies, and paths; and collecting
feedback to identify existing interface problemsand possibilities
for improvement.

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

Hoetd

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

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

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

Task scenario

Instruction

Tested function

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

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

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

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

Task 5: Hereis the content of your most recent
meal: Half abowl of whiterice, 2 servings of
bok choy, and 1 serving of chicken thigh.

Task 6: Your partner (family member) has been
trying hard to adjust their lifestyle recently. You

Please attempt to log the above values into our
digital platform.

Please try to explore our digital platform and
calculate your eGFR.

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

Pleasetry to exploreour digital platform and find
the 7 possible symptoms of hypoglycemia.

Please record the above dietary information on
our digital platform via photo or text note.

Please try to explore our digital platform and
write out support strategies corresponding to the

Record Vaues

Health Education Information

Reminder Settings

Inquiry & Consultation

Kidney Hedth Mission

Kidney Support Teammate

want to know some waysto support their change.

following specific behaviors.

Data Analysis

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

https://humanfactors.jmir.org/2025/1/€73935

Ethical Considerations

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

Results

Phase 1: Iterative Development and Trial Use

After collaborating with health care providers and technical
partners for 3 months to develop our digital platform for
intervention, we officialy launched the prototype on July 25,
2023. Our LINE OA, named “Kidney Lifestyle” can be
accessed by searching for LINE I1D: @509kgajt. In addition,
the extended app, named “Kidney Lifestyle App,” is currently
available through a dedicated link.

LINE OA “Kidney Lifestyle’ With API Plug-Ins

Our LINE OA acts as the main hub for real-time interaction
with usersviatext or voice chat. Moreover, by clicking buttons
from the service menu (Figure 2A), users can access various
resources for CKD management, retrieved or adapted from the

https://humanfactors.jmir.org/2025/1/€73935
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official websites of Taiwan Society of Nephrology and Taiwan
Kidney Foundation. The eight buttons featured on the service
menu were introduced: (1) Health Education Information:
providing basic kidney disease knowledge, evaluating kidney
function, dietary and exercise guidelines, and so on (Figure 2B).
(2) Kidney Support Teammate: multipage messages providing
support resources for caregivers (SOs) (Figure 2C). (3) Frailty
Section: providing health education information about frailty
prevention and intervention. (4) Latest News: linking to the
LINE OA’s post area, forwarding information about relevant
hospital events. (5) Record Values: users can log self-measured
physiological values, and the system records and generates
reports for feedback. (6) Reminder Settings: users can log their
next appointment dates, and reminders are scheduled through
the AlleyPin Interactive backend. (7) Kidney Health Mission:
encouraging daily completion of “Record Values’ and “Kidney
Health Diary” (recording daily diet, medication, and physical
activity). (8) Inquiry & Consultation: providing answers to
frequently asked questionsfor CKD management; aconsultation
channel is provided for further queries (Figure 2D).
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Figure 2. Interfaces of the LINE Official Account “Kidney Lifestyle” with a demonstration of user making inquiry about CKD management via
automatic reply messages. The QR code provides access to “Kidney Lifestyle” (A) Basic Interface, (B) Health Education Information, (C) Kidney
Support Teammate, and (D) Inquiry & Consultation. CKD: chronic kidney disease; FAQs:. frequently asked questions; SO: significant other.
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The Extended App “ Kidney Lifestyle App” (AppSheet)

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

https://humanfactors.,jmir.org/2025/1/€73935
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3A). (2) Clicking “Reminder Settings’ — “Go to Reminder
Setting Page” on LINE OA service menu jumpsto the extended
app to view the next appointment date and time, which users
can update manually (Figure 3B). (3) Clicking “Kidney Health
Mission” on LINE OA service menu allows users to perform 2
“Daily Tasks,” jump to the extended app to log physiological
values or write a kidney health diary (recording daily diet,
medication, and physical activity) (Figure 3C1). Alternatively,
they can click “Challenge Missions’ - “View Title Challenge
Progress’ on the extended app to confirm task execution status
(Figure 3C2).
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Figure 3. Interfaces of the extended app “Kidney Lifestyle App” and their connections with the LINE Official Account “Kidney Lifestyle” service
menu. (A) The entry form of “Recording Values’ and the chart viewing for self-measured physiological values, (B)“ Reminder Settings’ interface, and
(C)“Kidney Health Mission,” directing to (C1) Kidney Health Diary, records of daily diet, medication, and physical activity, and to (C2) Usage Report,

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

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

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

I nterventions to Promote Platform Use

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

2. Designed 2 daily tasks on the digital platform to execute
these four specific behaviors:

» Record Physiological Values: measure physiological
valuesand log them through “ Record Values’ (multiple
times allowed).

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

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

https://humanfactors.jmir.org/2025/1/€73935
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1. Designed strategiesto promote the execution of daily tasks
based on the principles of behavior change and processes
of changelisted in the DDEF, including:

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

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

Entry activity

rae=Dayspaforming daly tasksTota obsavation days<100%
The EAR can be viewed as an “ability” indicator for users
performing daily tasks. A higher EAR indicates amore regular
execution of daily tasks. The team simulated different levels of
EARs (from 0% to 100%, at intervals of 5%) for 180 observation
days, with or without task execution, a total of 10,000 times.
The frequency of achieving various Kidney Health Titles was
calculated among these 10,000 simulations (Table 4).
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Table. Occurrences of achieving different titles within 180 days based on various entry activity rates (simulation count;l0,000)a*b.

EARS, % Novice Intermediate Veteran Master Grandmaster
achieving counts achieving counts achieving counts achieving counts achieving counts

0 0 0 0 0 0

5 211 0 0 0 0

10 1507 0 0 0 0

15 4040 1 0 0 0

20 6839 13 0 0 0

25 8873 64 0 0 0

30 9723 248 0 0 0

35 9954 698 0 0 0

40 9996 1590 2 0 0

45 10,000 2999 13 0 0

50 10,000 5003 48 0 0

55 10,000 7191 192 0 0

60 10,000 8852 502 0 0

65 10,000 9712 1275 0 0

70 10,000 9964 3001 17 0

75 10,000 9999 5629 82 0

80 10,000 10,000 8179 355 0

85 10,000 10,000 9746 1699 12

90 10,000 10,000 9994 5394 250

95 10,000 10,000 10,000 9541 3119

100 10,000 10,000 10,000 10,000 10,000

8EAR= (Number of days executing daily tasks/Total observation days) x100%.

BContinuous execution days for each title: Kidney Health Novice—3 days; Kidney Health Intermediate—7 days; Kidney Health Veteran—14 days,
Kidney Heath Master—30 days; and Kidney Health Grandmaster—60 days.

CEAR: entry activity rate.

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

https://humanfactors.jmir.org/2025/1/€73935

achieving that specific Kidney Health Title. These results
provide adequate rationality for the gamification strategy:
assuming users in different stages of change have different
EARs, this strategy sets appropriate challenges accordingly,
aligning with our aim of providing corresponding interventions
based on CKD dyads' different motivational states.
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Figure 4. Item characteristic curves (ICCs) of achieving various kidney health titles within 180 days (simulation counts=10,000). According to Item
Response Theory, with an achievement rate of 50% (ie, achieving 5000 times out of 10,000), the entry activity rate (EAR) corresponding to the ICC
indicates the difficulty level to achieve that title. This simulation demonstrated the relationship between consecutively completing daily tasks for N
days and its corresponding ability level, indicated by EAR. EAR = (Number of days executing daily tasks/Total observation days) x 100%. Continuous
execution days for each title: Kidney Health Novice—3 days; Kidney Health Intermediate—7 days; Kidney Health Veteran—14 days; Kidney Hedlth
Master—30 days, and Kidney Health Grandmaster—60 days.
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Reinforcement management: Upon completing 2 daily tasks,
users receive encouragement messages through the LINE
OA; when obtaining aKidney Health Title, the team sends
encouragement messages and title certificates via LINE
and informs their SOs. It also informs the patient’s
physician to provide face-to-face encouragement during
the next visit (providing social reinforcement).

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

https://humanfactors.jmir.org/2025/1/€73935

RenderX

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

Platform Trial Use to Optimize the Platform

After theinitial prototype of our digital platform went live, 10
CKD dyadsvisiting nephrology clinicsregularly at auniversity
hospital were invited to participate in thetrial use from August
to October 2023. One of the SOs (no. 003S) was invited by the
patient but did not decide to participate in the end, resulting in
atotal of 19 participants. All dyads completed the user feedback
form and returned it during the next visit. Table 5 shows the
basi c demographics of the participants. The following sections
separately analyzed (1) the LINE message activity, (2) usage
of the extended app, and (3) dyadic feedback content.
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Table. Basicinformation of participantsin phase 1 platform trial use (n=19).

D2 Sex Age (years) Education Relations Stage of change Primary user”

001P and 001S Spouse Maintenance P
001P Male 67 College
001S Female 59 Junior college

002P and 002S Spouse Maintenance P
002P Male 63 College
002S Female 62 Senior high

003P and 003S N/A Preparation P
003P Male 64 College
003s° N/AD N/A N/A

004P and 004S Mother-son Maintenance S
004P Female 81 Elementary
004S Male 53 College

005P and 005S Father-son Maintenance S
005P Male 82 Iliterate
005S Male 56 Junior college

006P and 006S Mother-daughter Preparation P
006P Female 37 College
006S Female 73 Junior college

007P and 007S Spouse Maintenance P
007P Male 64 Junior high
007S Female 59 Elementary

008P and 008S Spouse Contemplation P
008P Female 67 Junior college
008s Male 68 Junior high

009P and 009S Spouse Action P
009P Male 52 College
009S Female 51 College

010P and 010S Mother-daughter Maintenance P
010P Female 70 Senior high
010S Female 42 Junior college

%D marked with P denotes patients; S denotes significant others.

bPrimary user refers to the one using the app for daily tasks, primarily patients.
€003S was invited by 003P to participate in the study but eventually chose not to.
dN/A: not applicable.

November 26, 2023) after participant recruitment completion

LINE Message Activity (as shown in Table 6), averaging approximately 30 messages
Based on data from the LINE OA backend, a total of 849  ner gay. Thisindicates continuous interaction and usage.

messages were sent during the initial 28 days (October 30 to
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Table. Number of messages sent via LINE Official Account and application programming interface module in the initial 28 days after participant

recruitment completion?.

Date LINE Official Account APIP module Daily total
Auto Response Welcome Manual Chat Push® Repl yd

10/30 1 5 2 12 55 75
10/31 0 0 0 4 20 24
111 0 1 0 15 22 38
11/2 0 3 6 17 46 72
11/3 0 0 7 13 17 37
11/4 0 0 4 11 6 21
11/5 0 1 0 9 11 21
11/6 0 0 0 12 22 34
17 0 0 1 11 2 14
11/8 0 1 1 18 11 31
11/9 0 2 2 15 13 32
11/10 0 0 2 11 13 26
11 0 0 0 9 14 23
1112 0 0 1 11 17 29
11/13 0 0 1 9 8 18
1114 0 2 3 18 16 39
11/15 0 1 1 15 9 26
11/16 0 1 3 15 21 40
1117 0 0 3 11 19 33
11/18 0 0 2 11 6 19
11/19 0 0 1 9 3 13
11/20 0 0 2 15 12 29
11721 0 1 3 11 12 27
1122 0 1 3 18 45 67
11/23 0 0 1 10 5 16
11/24 0 1 1 11 2 15
11/25 0 0 2 9 5 16
11/26 0 0 1 12 1 14
Total 1 20 53 342 433 849

3Data obtained from LINE Official Account Manager.
bAPI: application programming interface.

®Push messages sent to remind users of follow-up visits and daily tasks execution.
dm essages returned when clicking service menu layers or push message buttons.

Notably, the proportion of messages sent through API plug-in
modules is extremely high: there were 342 Push messages,
accounting for approximately 40% (342/849) of al messages,
used for reminders on returning for checkups or daily task
reminders and regular automatic care. There were also 433
Reply messages, congtituting around 51% (433/849) of all
messages, automatically sent by the system when users clicked
buttons in the service menu or Push message prompts. In
comparison, manually sent messages amounted to only 53,
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which is around 6% (53/849) of the total, primarily aimed at
assisting users with operational issues or scheduling
research-rel ated appointments. These datademonstrate that our
LINE OA with API plug-in modules shows a high degree of
automation and convenience, alowing remote and real-time
intervention, significantly reducing manpower costs, and
reserving resources for handling more complex and specific
user queries.
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Usage of the Extended App

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

Hoetd

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

Table. Phase 1 primary users usage of extended app for daily tasks (n=10)2.

ID Enroliment date Days Physiological values Kidney health diary Highest kidney
(YY/M/D) Counts Activity rate, %° Counts Activity rate, %° health e

001P 23/8/29 245 530 95.92 232 94.69 Master

002P 23/9/18 225 438 100.00 209 92.89 Master

003P 23/9/21 222 164 62.61 133 59.91 Intermediate

004S 23/10/2 211 2 0.95 0 0.00 None

005S 23/10/3 210 579 89.52 168 80.00 Master

006P 23/10/17 196 100 51.02 7 357 Novice

007P 23/10/19 194 125 63.92 25 12.89 Intermediate

008P 23/10/23 190 0 0.00 0 0.00 None

009P 23/10/23 190 307 90.53 161 84.74 Master

010P 23/10/30 183 157 82,51 144 78.69 Master

Total (Average) 206.6 2402 63.70 1079 50.74 N/AE

#Thistable is updated until April 29, 2024, at 2:30 PM.

bActivity rate for physiological values = (Days logged/Days enrolled) x 100%.
CActivity rate for kidney health diary = (Days written/Days enrolled) x 100%.
dContinuous execution days for each Kidney Health Title: novice—3 days; intermediate—7 days; veteran—14 days; and master—30 days.

EN/A: not applicable.

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

https://humanfactors.jmir.org/2025/1/€73935

correlate with ahigher chance of long-term adoption of ahealthy
lifestyle, aligning well with the conclusions drawn from the
simulation study.

Dyadic Feedback Content

Table 8 summarized the average ratings for each of the 6 major
functions of our integrated platform, as provided by the 10 dyads
in their user feedback forms. Generally, more than 80% of the
dyads (more than 8) perceived each function to have a clear
interface and to be easy to use. Similarly, most of the dyads
(morethan 80%) found each function acceptable and expressed
their intention to continue usage. The average satisfaction rating
for each function ranged from 3.5 to 4.3, with an overall rating
of 4.1 for the platform asawhole.
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Table. Phase 1 dyadic trial use feedback form rating summary (N=10)2

Hoetd

Functions of the digital
platform

Assessed elements

#N-1: Interface clarity #N-2: Ease of opera-

#N-3: Acceptability

#N-4, 7 - 2: Intention  #N-5, 7 - 2: Satisfac-

tion to continue usage tion rating (from 1 to
5)

Health Education Infor-  90% 90% 90% 90% 39
mation

Kidney Support Team-  90% 100% 90% 90% 35
mate

Record Values 90% 80% 90% 80% 4.3
Reminder Settings 100% 90% 90% 90% 41
Kidney HealthMission 80% 90% 80% 80% 38
Inquiry & Consultation 100% 90% 80% 90% 3.7
Average 91.67% 90% 86.67% 86.67% 39
Overal platformevalu- /AP N/A N/A 90% 4.1

ation

#The percentagesin thistabl e reflect the proportion of participant dyadswho answered “ Yes” to the corresponding Yes/No questionsin the user feedback
form.

ON/A: not applicable.

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

1

Health Education Information (LINE): Dyads generally
appreciated this function for its simplicity, clarity, and
informative nature, noting that “it provided access to
various, accurate CKD-related information at any time”
(no. 005). However, one dyad (no. 010) suggested that “the
font size should be enlarged, and the navigation of this
function needs simplification to avoid getting lost.”
Kidney Support Teammate (LINE): The majority of dyads
found this function to be beneficial, appreciating its
provision of “mutual support, encouragement, reminders,
and detailed knowledge” (nos. 001 and 002). However, 2
dyads expressed concerns regarding its usage, with one
noting “not using this function” (no. 005) and the other
mentioning that “the colors are too vibrant, making it
difficult to grasp key points, and navigating within the
function could lead to getting lost” (no. 007).

Record Values (LINE+ App extension): Overal, dyads
expressed satisfaction with this function, noting its
advantages in “replacing traditional paper records,
convenience, ease of use, and the ability to track data’ (nos.
001, 002, and 009). Specifically, 1 dyad (no. 005)
appreciated the support for chart view upon logging in data,
facilitating easy tracking. However, 1 dyad (no. 010)
mentioned dissatisfaction with the small font size and
confusion regarding certain actions due to unclear wording.
Reminder Settings (LINE+ App extension): Dyads
expressed overall satisfaction with thisfunction, particularly
highlighting its capability to provide advance notifications
for upcoming clinical appointments. This function was
deemed convenient and provided peace of mind by several
dyads (no. 001, 005, and 009), eliminating the need to

https://humanfactors.jmir.org/2025/1/€73935

5.

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

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

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

Regarding the overall evaluation of thedigital platform, neither
dyad had previously used other apps or websites for managing
CKD. Almost all of the dyads (90%) expressed willingness to
continue using it to aid in managing their CKD. Upon further
in-depth interviews with researchers about dyadic feedback, all
agreed that the digital platform’sfunctionswere comprehensive,
with no suggestions for additional functions. The first patient

(no.

001P) mentioned that using the platform provided a

“routine” after retirement. His SO (no. 001S) also mentioned
thelack of diverse social activities after retirement for the patient

JMIR Hum Factors 2025 | vol. 12 | €73935 | p.69
(page number not for citation purposes)


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

JMI

R HUMAN FACTORS

and expressed interest in participating in hospital support groups
to share their experiences with other CKD dyads.
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Phase 2: Heuristic Evaluation

By early November 2023, the team collected responses from 5
evaluators who participated in the heuristic evaluation. The
evauators' basic information is shown in Table 9.

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

No. Sex Age (years) Education Background Current occupation
1 Female 55 PhD Nursing Professor
2 Female 42 PhD Health care science Associate professor
3 Female 45 PhD Nursing Assistant professor
4 Female 54 PhD Nursing Assistant professor
5 Mae 28 Master's degree Electrical engineering  Engineer

General Compliance Rating

Their scores regarding the compliance of variousfunctionswith
usability principles were tallied, averaged, and summarized in
Table 10. On average, the compliance scores for each principle

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

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

Degree of compli-

Functions of the digital platform

ance with each us-

ability principle Health EQucation Kidney Support Record Values, %  Reminder Settings, Ki.dn.ey Health | pquiry & Conaulta-
Information, % Teammate, % % Mission, % tion, %

Principle 1 60 80 100 80 80 100
Principle 2 100 100 100 100 80 100
Principle 3 100 80 80 60 100 75
Principle 4 100 100 100 100 100 100
Principle 5 100 100 100 100 100 100
Principle 6 80 80 100 100 100 75
Principle 7 80 80 100 60 100 80
Principle 8 100 100 100 100 100 100
Principle 9 100 100 33.33 100 33.33 100
Principle 10 100 100 100 100 100 100
Overall result 92 92 91.33 90 89.33 93

8Compliance percentages represent the sum of evaluator ratings (—1, 0, or 1) for each function’s compliance with each usability principle, divided by
the number of valid responses (ie, excluding “N/A [not applicable]” selections), and then multiplied by 100%.

Recommendations for | mprovement

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

1. Health Education Information

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

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

https://humanfactors.jmir.org/2025/1/€73935

forgotten after closing the linked web page and suggested
implementing amemory function for highly clicked queries.
Principle 7 (80% compliance): Evaluator 2 believed that
this function lacked persona flexibility and suggested
establishing personalized zones based on click rates to
access or push commonly used information.

2. Kidney Support Teammate

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

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

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

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

3. Record Values

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

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

4. Reminder Settings

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

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

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

5. Kidney Health Mission

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

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

Hoetd

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

6. Inquiry & Consultation

- Principle 3 (75% compliance): Same as Evauator 2's
feedback in (2) “principle 3 (80% compliance).”

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

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

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

Phase 3: Usability Testing

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

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

Functions of the digital platform

Hesalth Education  Kidney Support Record Values Reminder Settings Kidney Health Inquiry & Consulta-
Information Teammate Mission tion
Task success? 60% 80% 100% 100% 100% 80%
Task time (mm:ss)  04:23 05:16 01:06 01:52 01:04 02:55
Averageerrortimes 1 (0 - 2) 14(1-2) 02(0-1) 08(0-1) 0 12(0-2)
(range)
ASQ: ease of use? 3.6 4 6.2 54 6 4.2
ASQ: timerequired 3.4 4.2 6.4 5.2 6.2 4.2
ASQ: helpreceived 3.8 38 6 4.2 52 3.6
AverageASQscore 3.6 4 6.2 49 58 4

#Task success = (Number of dyads successfully completed the task/N) x 100%.
bASQ: After-Scenario Questionnaire. The score of ASQ ranges from 1 to 7, with higher score indicating higher level of satisfaction.
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Task Performance and ASQ

This section describes the designed task scenario for each
function and summarizes participants' general task performance
aswell astheir ASQ ratings:

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

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

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

4. Reminder Settings. The task scenario arises when patients
with CKD wish to set a reminder for their upcoming clinical
appointment. Dyadswill need to input the date and time of their
next appointment using the extended app and notify theresearch
team via LINE OA to set an automatic message reminder. The
task success rate is 100%, with an average completion time of
around 2 minutes. Dyads numbers 002 and 007 seemed
unfamiliar with this function as they clicked “New Entry” on
the extended app, which redirected them to the wrong page.
Theaverage ASQ scoreis4.9, indicating amoderate satisfaction
level with this function.

https://humanfactors.jmir.org/2025/1/€73935
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5. Kidney Health Mission: The task scenario revolves around
the essential practice of tracking daily diet, a key aspect of
managing CKD. Users can accessthistask by clicking “Kidney
Health Mission” on the service menu of our LINE OA or
selecting “Kidney Health Diary” on the extended app to upload
aphotograph or text note regarding their diet. The task success
rateis 100%, with an average completion time of just 1 minute.
All dyads completed the task without encountering any
operationa errors, indicating that the design of this function is
sufficiently intuitive. The average ASQ score is 5.8,
demonstrating a relatively high level of satisfaction compared
with the other tasks.

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

Overall Platform Usability

The SUS scores provided by the 5 dyads range from 57.5 to
87.5, with an average score of 67.5, just below the industry
standard threshold of 68. This indicates that users found the
platform to be marginaly acceptable in terms of usability,
indicating areas for improvement. In combination with the
performance and ASQ ratings of the 6 tasks, it was observed
that the 3 tasks involving operations on the extended app (ie,
Record Values, Reminder Settings, and Kidney Health Mission)
all achieved a100% successrate, with shorter completion times,
fewer operational errors, and higher satisfaction (mean average
ASQ score: 5.64 vs 3.87 for the other 3 tasks). Conversaly, tasks
with lower performance and ASQ scores (ie, Health Education
Information, Kidney Support Teammate, and Inquiry &
Consultation) al involved finding information within LINE
OA, suggesting that underlying significant usability issues in
this areamay have contributed to the low overall platform SUS
score.

Discussion

Principal Results

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

First, the application of Agile methodsfacilitated aflexible and
efficient process in developing our digital platform. Notably,
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the platform design and depl oyment were accomplished within
aremarkably short time frame of 3 months, with the ability to
accommodate modifications, typically within a week. Such
adaptability of our platform ensured responsiveness to user
needs throughout the devel opment cycle.

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

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

Comparison With Prior Work

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

Diverse Participant Backgrounds

Our study encompassed participants with diverse backgrounds,
ranging from health care providers (including nephrol ogists and
nurses) within the institution involved in phase 1 system
development, to patients with CKD and SOs engaged in both
phase 1 platform trial use and phase 3 usability testing. Health
care and electrical engineering expertsfrom external institutions
were involved in phase 2 heuristic evaluation. Of these
participants, 41.7% (10/24) were male, spanning ages from 28
to 82 years, and educational attainment ranging from elementary
school to doctoral degrees. Such diversity maximized the input
from all potential stakeholders who could use or benefit from
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our digital platform. We ensured that various perspectiveswere
considered throughout the development cycle, thereby
optimizing platform usability while accommodating user
differences.

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

A Scalable and Practical Digital Platform

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

Figure 5 further illustrates the interactive relationship between
CKD dyads, the research team, and health care providers,
elucidating how our digital platform can enhance CKD carein
medical settings. The green arrow at the bottom represents
patients with CKD and their SOs seeking routine care at the
hospital. Bluearrowsdepict CKD dyadsusing LINE OA, either
through encouragement or voluntary interaction, to stay
connected with the research team (communication strategy); or
using the extended app to log home-based health records,
including blood pressure, diet, medication, and physical activity
(monitoring strategy). Red arrows signify the fully automated
servicesoffered by our digital platform, such as providing health
education information through LINE OA Push or Reply
messages (education strategy); or accessing physiological trend
charts and usage reports via the extended app (feedback
strategy). Orange arrows indicate the interventions that the
research team can deliver through the digital platform, such as
maintai ning contact with CK D dyads (communi cation strategy);
or answering CKD dyads queries and sending encouraging
messages (feedback strategy) viaLINE OA. Finally, theresearch
team can further anadlyze and aggregate home-based
self-monitoring records logged by CKD dyads through the
extended app (analysis strategy) and provide reports to health
care providers. This additional information will furnish health
care providerswith supplementary insights during CKD dyads’
vigits, aiding in treatment recommendations to enhance the
quality of CKD care.
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Figure5. The schematic diagram of the LINE Official Account “Kidney Lifestyle’ and the extended app in enhancing CKD care. The arrows marked
with an asterisk (*) represent the practical application of the 5 digital strategies mentioned in the Digital Dyadic Empowerment Framework. Blue arrows
represent the active engagement from CK D dyads. Orange arrows denote service flowsinvolving human support, while red arrows denote service flows

with full automation. BP: blood pressure; CKD: chronic kidney disease; PA:

physical activity.
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Empirical Evidence for Sustained User Engagement

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

Potential Selection Bias Induced by Digital Divides

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

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

Usability Issues With LINE OA Navigation

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

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

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

https://humanfactors.jmir.org/2025/1/€73935
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Concernsfor Low EARS

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

Dyadsin the Preaction Stages of Change

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

Dyads Perceive No Need for Use

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

Dyads Face Usage Obstacles and Perceive High Execution
Difficulty

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

Another promising future direction is to assess the feasibility
of organizing support groups for CKD dyads, based on our
dyadic feedback in phase 1. Support groups may facilitate the
process of socia liberation, exposing dyads to a supportive
social environment for behavior change [42]. Dyads in the
preaction stages might find positive support from the group,
enhancing their motivation for change. Support groups can aso
promote community participation through connections and
information exchange and allow their effortsto gain recognition
and reinforcement from the group. For dyads perceiving minimal
help from the digital platform or finding it too challenging to
use, they can observe and learn from other dyads in the support
groups, enhancing their confidence and skills in usage.
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L ack of Feedback From Health Care Providers

In phase 1 dyad tria use and phase 2 heuristic evaluation,
participants highlighted the need for health care provider
feedback on user self-monitoring records. However, our digital
platform currently lacks feedback mechanisms beyond
system-generated physiological trend chartsand platform usage
reports from the extended app (Figures 3A and 3C). Specifically,
feedback from health care providers on dietary, medication, and
exercise content inthe kidney health diary isabsent. Asobserved
in Figure 5, health care providers currently do not interact with
CKD dyadsthrough our digital platform and are thus unableto
providefeedback on the content of the kidney health diary. This
gap may contribute to lower activity ratesfor the kidney health
diary compared with physiological values (Table 7). Workflow
integration challenges are common in the development and
application of new digital health tools, asthey might potentially
burden health care providers with additional tasks or even
necessitate practice reorganization [15,43].

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

Hoetd

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

Conclusions

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

app.

Acknowledgments

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

Funding

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

Data Availability

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

Authors Contributions

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

https://humanfactors,jmir.org/2025/1/€73935 JMIR Hum Factors 2025 | vol. 12 | €73935 | p.76

(page number not for citation purposes)


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

JMIR HUMAN FACTORS Hoet d

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

Conflictsof Interest
None declared.

Multimedia Appendix 1
User manual.
[PDE File, 2359 KB - humanfactors v12i1€73935 appl.pdf ]

Multimedia Appendix 2
Phase 1 user feedback form.
[PDE File, 232 KB - humanfactors v12i1€73935 app2.pdf ]

Multimedia Appendix 3
Phase 3 usability testing instrument.
[PDE File, 268 KB - humanfactors v12i1e73935 app3.pdf ]

Multimedia Appendix 4
Complete dataset and summary tables.
[XLSX File, 39 KB - humanfactors v12i1e73935 app4.xIsx ]

References

1

10.

11.

12.

13.

Bikbov B, Purcell CA, Levey AS. Global, regional, and national burden of chronic kidney disease, 1990-2017: asystematic
analysis for the Global Burden of Disease Study 2017. Lancet 2020 Feb 29;395(10225):709-733. [doi:
10.1016/S0140-6736(20)30045-3] [Medline: 32061315]

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

Megari K. Quality of lifein chronic disease patients. Health Psychol Res 2013 Sep 24;1(3):€27. [doi: 10.4081/hpr.2013.627]
[Medline: 26973912]

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

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

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

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

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

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

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

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

Classification of digital health interventions v10: a shared language to describe the uses of digital technology for health.
World Health Organization. 2018. URL: https.//www.who.int/publications/i/item/WHO-RHR-18.06 [accessed 2025-11-12]
Jeddi FR, Nabovati E, Amirazodi S. Features and effects of information technol ogy-based interventions to improve
self-management in chronic kidney disease patients: asystematic review of theliterature. JMed Syst 2017 Sep 18;41(11):170.
[doi: 10.1007/s10916-017-0820-6] [Medline: 28920174]

https://humanfactors,jmir.org/2025/1/€73935 JMIR Hum Factors 2025 | vol. 12 | €73935 | p.77

RenderX

(page number not for citation purposes)


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

JMIR HUMAN FACTORS Hoet d

14. RenQ, LianM, LiuY, Thomas-Hawkins C, Zhu L, Shen Q. Effects of a transtheoretical model-based WeChat health
education programme on self-management among haemodialysis patients: alongitudinal experimental intervention study.
JAdv Nurs 2019 Dec;75(12):3554-3565. [doi: 10.1111/jan.14182] [Medline: 31441525]

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

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

17. Donad M, Beanlands H, Straus S, et al. An eHealth self-management intervention for adults with chronic kidney disease,
My Kidneys My Health: a mixed-methods study. CMAJ Open 2022;10(3):E746-E754. [doi: 10.9778/cmaj0.20210332]
[Medline: 35973709]

18. LINE Business Guide (Summary) v11. LY Corporation. 2024. URL: https://www.linebiz.com/sites/default/filess/medial
jp-en/download/EN_L INE%20Business¥%20Guide 202304-09_summary.pdf [accessed 2025-04-15]

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

20. LiWY,ChiuFC, Zeng JK, et a. Maobile health app with social mediato support self-management for patients with chronic
kidney disease: prospective randomized controlled study. JMed Internet Res 2020 Dec 15;22(12):€19452. [doi:
10.2196/19452] [Medline: 33320101]

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

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

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

24. FILINEE HIRIEMEI 452 1288- B8 2 [Using LINE Official Account for appointment reminders—medical industry].
LY Corporation. URL: https://tw.linebiz.com/smb/industry-application/medical/ [accessed 2025-04-15]

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

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

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

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

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

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

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

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

33. BrookeJ. SUS—aquick and dirty usability scale. In: Jordan PW, editor. Usability Evaluationin Industry: Taylor & Francis,
1996:189-194.

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

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

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

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

38. Taiwan internet report. Taiwan Network Information Center. 2023. URL: https./report.twnic.tw/2023 [accessed 2025-04-15]

39. Demand characteristics. Interaction Design Foundation. 2015 Jul 5. URL : https://www.interaction-design.org/literature/
book/the-gl ossary-of -human-computer-interacti on/demand-characteristics [accessed 2025-04-15]

https://humanfactors,jmir.org/2025/1/€73935 JMIR Hum Factors 2025 | vol. 12 | €73935 | p.78

(page number not for citation purposes)


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

JMIR HUMAN FACTORS Hoet d

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

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

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

43. SteeleGray C, Gill A, Khan Al, Hans PK, Kuluski K, Cott C. The electronic patient reported outcometool: testing usability
and feasibility of amobile app and portal to support care for patientswith complex chronic disease and disability in primary
care settings. IMIR Mhealth Uhealth 2016 Jun 2;4(2):€58. [doi: 10.2196/mhealth.5331] [Medline: 27256035]

Abbreviations

API: application programming interface
ASQ: After-Scenario Questionnaire
CKD: chronic kidney disease

CREA: creatinine

DDEF: Digital Dyadic Empowerment Framework
DHI: digital health intervention

EAR: entry activity rate

eGFR: estimated glomerular filtration rate
OA: LINE Official Account

SO: significant other

SUS: System Usahility Scale

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

Please cite as:

Ho CY, Sregar D, Yen M, Sung JM, Wang MC, Lin WH

A Messaging App Empowering Lifestyle Modification in Chronic Kidney Disease (LINE Official Account “ Kidney Lifestyle” ): Platform
Development and Usability Study

JMIR Hum Factors 2025; 12:€73935

URL: https://humanfactors.jmir.org/2025/1/e73935

doi:10.2196/73935

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

https://humanfactors.,jmir.org/2025/1/€73935 JMIR Hum Factors 2025 | vol. 12 | €73935 | p.79
(page number not for citation purposes)

RenderX


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

JMIR HUMAN FACTORS Choetd

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

Minseo Cho', MEng; Doeun Park?, PhD; Myounglee Choo®, MEng; Doug Hyun Han®, MD, PhD; Jinwoo Kim*?,
PhD

IHuman Computer Interaction Lab, School of Business, Yonsei University, 50, Yonsei-ro, Seodaemun-gu, Building 212, Seoul, Republic of Korea
2School of Management of Technology, Human Computer Interaction Lab, Yonsel University, Seoul, Republic of Korea

SHAII Corporation, Seoul, Republic of Korea

4Department of Psychiatry, College of Medicine, Chung-Ang University, Seoul, Republic of Korea

Corresponding Author:

Jinwoo Kim, PhD

Human Computer Interaction Lab, School of Business, Yonsei University, 50, Yonsei-ro, Seodaemun-gu, Building 212, Seoul,
Republic of Korea

Abstract

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

Objective: Thisstudy devel oped and tested amobile app that collects passive and active digital phenotypesrelated to adolescents
emotionsand daily behaviors. The study aimed to assess the app’simpact on managing emotional disordersthrough self-monitoring
and to identify daily lifestyle indicators that can predict and track the development of such disorders.

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

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

Conclusions: Integrating active and passive digital phenotypes through a mobile collection tool can help manage emotional
disordersin adolescents. Use of the tool was associated with moderate reductionsin depression and stress, aswell asimprovements
in self-efficacy and time management, while anxiety level sremained unchanged, possibly dueto adolescents’ differing perceptions
of anxiety. Passive digital phenotypes such aslocation variability and phone usage showed modest correlationswith daily emotional
states, supporting their potential as ecological markers. These findings suggest that digital phenotype collection not only aidsin
monitoring but may also have therapeutic benefits by promoting self-reflection on mood and behavior. High adherence rates
further support the practicality and acceptability of this approach for long-term emotional disorder management in adol escents.

(IMIR Hum Factors 2025;12:€66536) doi:10.2196/66536

KEYWORDS

adolescent; emotional disorder; digital phenotype; digital hedlth; field study; EMA; self-monitoring; ecologica momentary
assessment
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Introduction

Background

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

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

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

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

In this context, our study is among the first to integrate both
passive and active data collection in asingle tool and to deploy
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itinthereal world among adolescents. Thisdual-mode approach
enables the collection of context-rich, ecologically valid data
that neither passive nor active methods alone can provide. By
analyzing the relationship between these digital phenotypesand
daily assessed emotional disorder levels, we aim to determine
how passive and active digital phenotypes function as
complementary, parallel indicators of adolescent emotional
health. Furthermore, this study investigates how the process of
data collection can promote emotional disorder levels,
self-efficacy, and time management skills.

Related Works

Digital Phenotypes and Emotional Disorders

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

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

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

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

Ecological Momentary Assessment

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

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

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

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

Self-Monitoring and Self-Efficacy

Self-monitoring isthe processin which individual s observe and
record their own behaviors, emotions, and thoughts and adjust
themselves accordingly [35]. Through this process of data
collection and reflection, individuals can enhance their
self-awareness and choose to engage in behaviors to achieve
specific goals. Emotional self-monitoring helpsidentify factors
that influence mood, both positively and negatively, allowing
individuals to devel op strategiesto improve their mental health
[36]. Self-efficacy is an individual’s belief in their ability to
plan and execute actions to achieve desired outcomes [37] and
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is closely linked to mental health. By boosting self-efficacy,
self-monitoring can enhance mental health, increasing an
individual's belief that they can autonomously manage and
overcome emotional challenges[38,39].

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

Combined with these benefits, self-monitoring has been shown
toimprove mental health symptoms[44]. Studies on adol escents
in the early stages of depression have demonstrated that
self-monitoring gives them insights into their health, which is
thefirst step in astepped-care approach [33,45,46]. Furthermore,
self-monitoring extends symptom-free periods in patients with
depressive disorders [47] and helps them focus on behaviors
that can help them control their emotional disorders[48]. Even
for individualsnot clinically diagnosed with emotional disorders,
self-monitoring has been shown to have positive effects, such
as motivating them to pursue health management [49].

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

Methods

Study Design

Participants were not randomly assigned due to constraints
related to the study tool’s operational environment as the app
was only compatible with Android smartphones. Given the
limited number of adol escents using Android deviceswho were
available to participate, it was not feasible to recruit a
sufficiently large sample for both groups exclusively from
Android users. The study used a4-week parallel, nonequivalent
control group design.

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

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

Recruitment

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

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

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

Sample Size Calculation

The sample size was calculated using a 2-sided significance
level of .05, astatistical power of 80%, 2 groups, and 3 repeated
measures. Based on these parameters, a sample size of 26
participants per group was estimated to be sufficient to detect
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an effect size of .33 in the reduction of depression levels. This
effect size was selected based on findings from a systematic
review of digital mental health interventions targeting young
people, which reported small to moderate effect sizesfor similar
outcomes. To account for a potential 5% dropout rate, we
increased the target sample size to 56 participantsin total.

Intervention

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

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

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

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

Demographic I nformation

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

Korean Version of the Depression Anxiety Stress Scale

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

https://humanfactors.jmir.org/2025/1/e66536
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of depression, anxiety, and stress [51-53]. This shortened scale
consistsof 21 items, with 7 items assessing each symptom. Each
itemisrated on a4-point Likert scale from 0 (“does not apply
at al”) to 3 (“applies most of the time”), with higher scores
indicating greater severity of symptoms.

Self-Efficacy Scale

Self-efficacy was measured using a scale devel oped by Sherer
and trandated by Kim [54,55]. The scale includes 22 items
divided into 3 subfactors: confidence, self-regulatory efficacy,
and preferencefor task difficulty. Eachitemisrated on a5-point
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Likert scalefrom 1 (“strongly disagree”) to 5 (“ strongly agree”),
with higher scores indicating higher self-efficacy. The internal
consistency coefficient, Cronbach a, for thisscaleis 0.88.

Time Management Ability Scale

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

mHealth App Usability Questionnaire

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

Passive Digital Phenotypes

The location digital phenotypes, collected using the devices

GPSfunctions, included total distancetraveled, total travel time,
location variance, entropy, and normalized entropy. These data
were preprocessed by estimating travel speed through time
derivatives. Using athreshold of 1 km/h, the datawere classified
aseither stationary or moving [57,58]. The stationary datawere
analyzed with the K-means clustering algorithm to identify the
locations where participants spent most of their time.

The deep digital phenotypes included total amount of sleep,
total daytime sleep, and total nighttime sleep. Considering the
daily routine and schedul e of adolescents, daytime was defined
as7 AM to 11 PM and nighttimeasfrom 11 PM to 7 AM. Sleep
states were estimated using data collected from cameras,
microphones, accelerometers, and smartphone log data,
considering factors such asambient light, noise, and smartphone
screen time [59].

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

Active Digital Phenotypes

Mood recordswere collected using EMAS. System notifications
were delivered randomly throughout the day, except during
school, private tutoring, and leep. Upon receiving anotification,
participants recorded their current mood by selecting the
mood-rel ated adjectives (eg, happy, sad, relaxed) and rated their
levels of depression, anxiety, and stresson ascalefrom 1 (“very
low”) to 5 (“very high”).
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Participants recorded their daily activities using predefined
options. Key lifestyle areasinclude sleep, exercise, leisure, and
study-related activities. Each 24-hour day was divided into
30-minute intervals and participants were asked to select the
corresponding activity for eachtime dot (eg, studying, walking).
The recorded lifestyle behaviors were organized by type, start
time, and end time.

Statistical Analysis

Analyseswere conducted using SPSS 26.0. Descriptive statistics
were used to describe and compare participants baseline
characteristics. Univariate analyses were performed to compare
baseline valuesusing thet test for independent samples. A 2-way
ANOVA mode followed by Scheffé post hoc tests was used to
test the effect of app usage on each variable. Datawere analyzed
using 2x3 repeated measures ANOVA s with 1 between-subject
factor (intervention group and control group) and 1
within-subject factor (preintervention, midintervention, and
postintervention). The statistical significancelevel was defined
asa=.05.

Ethical Considerations

This study was reviewed and approved by the Yonsal University
Institutional Review Board (IRB no.
7001988-202406-HR-2045-05). All participants provided written
informed consent after receiving afull explanation of the study
purpose and procedures from the research team. Participant
confidentiality was maintained throughout the study, with each
individual assigned a numerical code according to their order
of participation. Upon completion of the study, participants
received compensation of 100,000 KRW (US $72.00).

Results

Descriptive Statistics

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

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

https://humanfactors.jmir.org/2025/1/e66536
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record adherence had an average of 90.65% and a range of
79.3% - 99.6%. The average adherence rates per participant
indicate that most participants complied with the system’s
requests for collecting digital phenotypes (Figure 3).
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Figure 3. Average adherence rates for mood and lifestyle recording over 4 weeks.
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I ntervention group satisfaction was assessed using the mHealth
App Usability Questionnaire at the end of the intervention. The
survey consisted of 21 itemsrated on a7-point scale, evaluating
the tool’s ease of use, user satisfaction, system information
arrangement, and usefulness. Participants' responses showed a
high level of satisfaction, with an average score of 6.31 of 7.
The median score was 6.29, indicating that half of the
participants rated the tool at or above this value.

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

Choet a

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

Changesin Repeated M easures

A repeated measures ANOVA revealed asignificant main effect
of time (F,, 4=3.62, P=.04), indicating that depression levels
changed significantly across the 3 time points, regardless of
group. A repeated measures ANOVA revealed a statistically
significant interaction effect between time and group for
depression levels (F, ¢=3.65, P=.04), indicating that the
intervention group experienced a different trajectory of change
compared with the control group (Figure 4). For anxiety,
athough a significant main effect of time was observed (F,,
es—2.64, P=.009), the interaction effect was not significant (F,,
68=2.35, P=.11), suggesting similar changes across both groups.

Figure 4. Repeated measures ANOVA results comparing the intervention and control groups.
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In contrast, stress levels showed no significant main effect of
time (F,, ¢g=2.56, P=.07), but there was asignificant interaction
between time and group (F;, ¢s=3.55, P=.03). Time management
ability significantly improved over time (F, gg=11.54, P<.001),
with a significant interaction effect (F, 3=4.78, P=.01),
indicating a greater improvement in the intervention group.
Similarly, self-efficacy scores showed both a significant main
effect of time (F,, 3=6.99, P=.002) and asignificant interaction
effect (F,, ¢g=5.27, P=.007). These results suggest that the

intervention had a positive and differential effect on depression,
stress, time management, and sel f-efficacy when compared with
the control group.
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Passive Digital Phenotypesand EMA

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

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

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

Depression P value
Location
Total travel distance ~0.0932% .04
Total travel time -0.0806 .08
Location variance 0.10412 .02
L ocation entropy —0.1186° .01
Normalized location entropy ~0.1089% .02
Sleep
Total sleep duration -0.0053 91
Daytime sleep duration 0.09882 .03
Nighttime sleep duration -0.0429 .35
Phone log
Total phone usage time ~0.11232 .01
Total phone screen lock time 0.09807 .03
Daytime phone usage time -0.0511 .27
Nighttime phone usage time -0.1421° .002
Phone screens unlock frequency -0.1511¢ <.001
8P<.05.
bp< 01,
°P<.001.
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Table. The correlation analysis of passive digital phenotypes and anxiety ecological momentary assessment.

Anxiety P value
Location
Total travel distance -0.0782 .09
Total travel time -0.0735 A1
Location variance 0.1376° .003
Location entropy —0.1234° .007
Normalized location entropy ~0.1296P .005
Sleep
Total sleep duration 0.0452 .33
Daytime sleep duration 0.1342° .003
Nighttime sleep duration -0.0057 .90
Phone log
Total phone usage time -0.9078° <.001
Total phone screen lock time ~0.1159% .01
Daytime phone usage time -0.0401 .38
Nighttime phone usage time -0.1329P .004
Phone screens unlock frequency ~0.1159% .01

4p< 05.
bp<.01.
®P<.001.

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

Stress P value

Location

Total travel distance -0.0156 .73

Total travel time 0.0118 .80

L ocation variance 0.09552 .04

L ocation entropy -0.0566 22

Normalized location entropy -0.0896 .05
Sleep

Total sleep duration 0.0281 54

Daytime sleep duration -0.1262° .006

Nighttime sleep duration -0.0197 .67
Phone log

Total phone usage time -0.0881 .06

Total phone screen lock time 0.0694 A3

Daytime phone usage time -0.0461 32

Nighttime phone usage time ~0.10742 .02

Phone screens unlock frequency ~0.1798¢ <.001

3p< 05.
bp< 01.
®p<.001.
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For location digital phenotypes, there were no statistically
significant correlations between total travel time and emotional
disorders. Total travel distance was negatively correlated with
depression (r=-0.0932, P=.04). Statistically significant positive
correl ations emerged between location variance and depression
(r=0.1041, P=.02), anxiety (r=0.1376, P=.003), and stress
(r=0.0955, P=.04). Location entropy was negatively correlated
with depression (r=-0.1186, P=.01) and anxiety (r=-0.1234,
P=.007), while normalized location entropy was statistically
significantly negatively correlated with depression (r=—0.1186,
P=.01) and anxiety (r=—0.1089, P=.02).

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

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

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

Discussion

Main Results

Overview

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

https://humanfactors.jmir.org/2025/1/e66536
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Unlike studies that focused solely on passive sensing or
retrospective self-reports, this study positioned self-monitoring
as both adata collection strategy and an intervention mechanism.
As participants recorded their emotions, they became more
aware of their levels of depression, anxiety, and stress and
examined the underlying causes of these feelings. This process
caused participants to integrate their reflections on both
emotions and daily life, allowing them to construct causal
relationships between daily experiences and emotional states
based on the gathered digital phenotypes. Thisalignswith prior
findingsthat self-monitoring can facilitate emotional awareness
and behavior change, but this study extends that work by
integrating real-time active digital phenotypes with passively
collected context.

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

User-Centric Design for Digital Phenotypes

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

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

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

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

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

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

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

Limitations

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

https://humanfactors.jmir.org/2025/1/e66536
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gned to the groups and therewas agap in recruitment timing.
The tool was exclusively designed for Android phones, which
limited our ability to randomly assign participants to groups.
While we attempted to ensure homogeneity by considering
factors such as age, gender, residential area, and grade, there
may have been unexamined characteristics that could have
influenced the study resullts.

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

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

Fifth, thisstudy did not specifically target adol escents diagnosed
with emotional disorders. Although some participants had high
emotional disorder scores, these scores did not necessarily
equate to clinical diagnoses. Furthermore, the EMASs assessed
depression, anxiety, and stresslevelsusing singleitemsfor ease
of response, which may not fully represent the participants
clinical status. Future research should focus on participantswith
clinically diagnosed emotional disorders to enhance the
generalizability and clinical relevance of the study findings.

Conclusions

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

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

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

Choet a

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

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

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

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

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

Results:  We found significant improvements in message ratings after refinement. The overall mean score increased from 3.6
(SD 0.4) t0 4.6 (SD 0.2) (P<.001), using paired t tests. Specifically, the mean score of “Comprehension” improved from 4.0 (SD
0.5) to 4.9 (SD 0.2) (P<.001), the mean score of “Usefulness’ increased from 3.0 (SD 0.6) to 4.4 (SD 0.4) (P<.001), the mean
score of “Tone” increased from 3.8 (SD 0.6) to 4.8 (SD 0.2) (P<.001), and the mean score of “Design” increased from 3.4 (SD
0.48) to 4.4 (SD 0.3) (P<.001). The qualitative assessments highlighted design elements related to message liking, such as clear
layout, minimalistic imagery, italicized quotes, and highlighted keywords. Conversely, design features related to message dislike
included color shades, lengthy text, and confusing wording.

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

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

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

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

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

By applying the HCD approach, the first 3 phases in the
“Integrate” stage (empathizing with thetarget users, specifying
targets for future interventions, and grounding findings in
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behavioral theories) were conducted in our previous formative
research using in-depth interviews with young adults to elicit
needs and preferences for dual tobacco cessation interventions
[6]. This formative work led to our “Design” stage, in which
we aim to ideate intervention strategies, prototype intervention
messages, gather user feedback, and build an intervention
prototype that includes smartphone-based intervention messages
for dual tobacco cessation among young adults. The devel oped
intervention prototype will then be used in the next stage,
“ Access, where we plan to pilot and evaluate its efficacy in a
randomized controlled trial (RCT). Focusing on the “Design”
stage, this study aims to describe our process for ideating,
prototyping, and refining intervention message mockupsthrough
iterative feedback from young adults. Our remote HCD approach
may serve as amethodol ogical model for message devel opment
and remote testing in future digital health interventions.

Methods

Design

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

Participants

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

M essage Development

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

cigarettes. RCT: randomized controlled trial.
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Tofit with smartphoneinterfaces, we then designed 90 mockups
of the messages. We added design elements (eg, color and style
of text, graphics, and pictures) to the text messages to enhance
visual aesthetics and user engagement.

M essage Testing and Refinement

The testing was conducted remotely via Recollective
(Recollective Inc), a platform for conducting user experience
research. Each participant logged into the platform via phone
or computer to complete the message rating tasks at a time
convenient for them. Thisflexible and self-paced approach with
asynchronousfeatures could enhance accessibility to thetesting
process. We conducted 3 rounds of testing, with the first 2
rounds assessing the developed messages (prerefinement) and
thethird round retesting the refined messages (postrefinement).
To enhance the representativeness of thetarget users and gather
diverse insights, we included a new sample of 10 - 12 young
adultsin each round. This approach also minimized participant
fatigue and disengagement through repeated rounds of testing.
We provided participants with avideo with detailed instructions
to facilitate their message assessment. Participants evaluated
the messagesindividually, with no accessto others' assessments.
Each message rating task took 3 - 5 minutes to complete. To
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RenderX

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

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

indicate the specific parts that participants liked (‘E), disliked (‘E), or found confusing (‘E).
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All 90 devel oped messages were revised based on participants
feedback. Dueto time and resource constraints for rapid testing,
we retested only 35 out of 90 messages with low rating mean
scores (eg, a mean score of less than 4 out of the maximum
score of 5) in the subsequent round, while the remaining
messages with high rating scores were also revised but not
retested [24].

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

Data Analysis

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

To evauate the overal improvement of the 35 retested
messages, we compared the mean scores across the 4
components (Comprehension, Usefulness, Tone, and Design)
and the overall score before and after refinement. M essagesthat
initially had high scores and did not require refinement were
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excluded from the analysis. Paired t tests were conducted to
examine whether the postrefinement mean scores were
significantly higher than the prerefinement mean scores. The
quantitative dataanalysiswas performed using STATA software
version 18 (StataCorp LLC).

Ethical Consider ations

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

Results

Participants Characteristics

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

Min-max 18- 29
Mean (SD) 22(3)
Gender, n (%)

Female 20 (57)
Male 15 (43)
Ethnicity, n (%)

Hispanic, Latino, or Spanish 9(26)
Not Hispanic, Latino, or Spanish 26 (74)
Race, n (%)

White 20 (57)
Asian (Chinese, Viethamese, Asian Indian) 4(11)
Black or African American 3(9
American Indian or Alaska Native 1(3)
Middle Eastern 1(3)
Multiracial 6 (17)
Education attainment, n (%)

Currently in college 27 (77)
Currently in graduate school 2 (6)
Currently in professional or technical school 1(3)
Not attending school 5(14)

Results of M essage Development

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

Overview

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

Quantitative Results

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

Qualitative Results

Overall, based on the participants comments during the message
testing, the design features that participants liked the most
included aclear layout, minimalisticimagery, italicized quotes,
and highlighted keywords. The design features of message
didliking included color shades, lengthy text, and confusing
words. Given the large number of refined messages, below we
provide 2 examples illustrating how specific messages were
revised based on participants’ feedback.
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Figure 3A provides an example of a message encouraging
self-reward after quitting. While many participants liked
illustrations and colors, some found the origina messages
confusing, with one stating, “ a bit confused asto why the bottom
half of the left tooth looks like cheese” To address this, we
revised the graphic by removing the yellow stresksand replacing
them with smiley teeth illustrations to maintain consistency
across messages. In addition, we removed the word “ dentist,’
as many participants expressed their dislike of thisword. Some
participants also found the message somewhat unclear and
“seems kind of out of left field, not extremely relevant,” and
suggested “ change the text to make it more corvincing”” In
response, we revised the bottom text to be more direct and
affirmative, aligning with a common theme of the message.
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Figure 3. Two examples of messages before and after refinement based on participants' feedback.
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Figure 3B provides an example of a message promoting
gratitude and emotional well-being as supportive strategies for
tobacco cessation. Some participants expressed that the message
seemed unrelated, stating that “ not see how this relates to
vaping,” “ not specific to tobacco,” “ not sureif they are trying
to convince peopleto give up tobacco,” and “ not sure what this
message is trying to address” To strengthen its relevance to
tobacco cessation, we added an element acknowledging that
“quitting tobacco is hard.” In addition, given that messages
telling peopleto be grateful can come off wrong to some people,
we refined it as a coping strategy for quitting. The bottom part
was refined to be more specific and actionable, encouraging
participants to identify 3 things they are grateful for.

Discussion

Principal Results

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

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

Comparison with Prior Work

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

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

Future Research

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

Limitations

First, the participants in our study may not fully represent the
broader young adult population, and recruiting through social
media may have restricted our reach to more diverse groups.
This may reflect the perspectives and experiences of White
younger individualswho are more digitally connected, limiting
the breadth of feedback for the intervention messages and the
generalizability of our findingsto the broader target population.
Therefore, future studies could consider aternative recruitment
strategiesto ensure amore representative sample. Second, some
open-ended comments from participants were unclear, which
posed challenges for interpretation. Finally, since our repeated
testing involved different participant samples, significant
differences in quantitative assessments may reflect not only
improvements to the messages but also variations in sample
characteristics. While engaging different groups allowed usto
capture feedback from more young adults, this approach may
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introduce the possibility of confounding dueto between-sample
differences. To mitigate this limitation, future studies may
consider a longitudinal design in which the same participants
assess messages over time, allowing for greater control over
individual-level variability and clearer attribution of changes
to message revisions.

Conclusions

In conclusion, this study offers valuable insights into using a
remote HCD approach to devel op smartphone-based intervention
messages for young adults aiming to quit e-cigarettes and
cigarettes. The use of sdlf-instructional videosand asynchronous
feedback collection enhanced the accessibility and feasibility
of remote message testing. This approach improved message
comprehension, usefulness, tone, and design. These findings
can inform future message devel opment and remote user testing
efforts for tobacco cessation. Moreover, our HCD process is
adaptable to other behavioral topics, populations, delivery
formats (eg, video and audio), and platforms (eg, social media).
Future research can build on thiswork to optimize engagement
and effectivenessin digital health interventionstargeting health
behavior changes among young adults.
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Examples of messages before refinement in this study.
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Multimedia Appendix 2
Examples of messages tailored to males and females.
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Average scores for the 35 retested messages before and after refinement, covering 4 components: Comprehension, Usefulness,
Tone, and Design.
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Abstract

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

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

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

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

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

(IMIR Hum Factors 2025;12:e67884) doi:10.2196/67884

KEYWORDS

interhospital transfer; health information exchange; user-centered design; electronic health record; electronic data; acute care;
conceptual design; health information; user requirement; qualitative; data access; clinical data; design; user design; decision-making;
decision support

: high frequency of IHT among patients with multiple chronic
Introduction conditions [1-5]. During IHT, hedth information exchange
The transfer of patients between acute care hospitals (HIE), which can be defined as “ appropriate, timely sharing of

(interhospital transfer [IHT]) occurs regularly, with one study ~ Vital patient information,” is an essential part of the transfer
of nationally representative Medicare data reporting over ~Process for appropriate care to be provided to the transferred

100,000 patients undergoing IHT each year and a particularly patient [6]. Importantly, effective HIE encompasses both timely
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access to data (ie, data exchange), as well as an organized
presentation of clinical information (ie, data visualization) so
that the receiving or accepting clinician can safely and efficiently
provide care to transferred patients without unnecessary
cognitive load [7].

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

Thereisacritical need for anintegrated, interoperable HI E that
addresses these 3 factors, along with other domains such asease
of use and usability of the information. At the same time, there
is limited research on user requirements to support the
development of such HIE.

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

Methods

Design, Setting, Participants, and Recruitment

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

https://humanfactors.jmir.org/2025/1/e67884
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We recruited APPs, direct care attendings, and residents who
regularly care for patients who undergo IHT to the general
medical, oncology, cardiology, and intensive care unit services
a BWH to participate in the design sessions. A general
recruitment letter with information describing the goals of the
study, human research committee approval, and study team
contact information was emailed to al eligible clinicians
requesting volunteers to participate in design sessions, with
recurring emails sent up to 3 times until target recruitment was
reached, ensuring appropriate representation among each
participant role. Interested participants could sign up viaalink
included in the email and were contacted by the study team to
coordinate available timing for the design session.

Ethical Consider ations

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

Design Sessions
All sessions were conducted virtually over Teams (Microsoft
Corp). Sessions were led by a user experience specialist (PG)

and assisted by aresearch team member with content expertise
(SM).

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

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

Analysis

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

https://humanfactors.jmir.org/2025/1/e67884
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Data were input into MAXQDA qualitative analysis software
(VERBI GmbH), and thefinal analytical framework was applied
to participant comments. To further analyze the data, a matrix
was created to identify larger themes and subthemes among the
data Data from the information architecture activity was
organized using Excel (Microsoft Corp) to identify how often
data elements were sorted into any given category.

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

Results

Participant Characteristics

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

Characteristics® Participants, n (%)
Age (years)

<30 3(17)

30-35 5(28)

36-44 7(39)

45-54 3(17)
Sex

Female 14 (78)

Male 4(22)
Race

Asian 3(17)

Black or African American 1(6)

White 14 (78)
Ethnicity

Hispanic 1(6)

Non-Hispanic 17 (94)
Role

Advanced practice provider 10 (64)

Direct care attending 5(23)

Resident 3(14)
Department

Cardiology 2(11)

Genera or internal medicine 13 (72)

Oncology 2(11)

Intensive care unit 1(6)

Years of experienceinrole

0-4 10 (56)
5-9 5(28)
10-15 1(6)
Over 15 2(11)

Frequency of IHTP patient admission

Around once per month 6 (33)
Once every 2 - 4 weeks 7(39)
At least once per week 5(28)

Time conducting direct care as aresponding clinician (%)

0-25 3(17)
26 - 50 3(17)
51-75 3(17)
>76 9(50)

Al characteristics were self-reported, collected via recruitment survey prior to participation.
BIHT: interhospital transfer.
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Summary

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

Theme 1: Communication

Overview

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

Written Communication

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

Verbal Communication

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

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

https://humanfactors.jmir.org/2025/1/e67884
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Theme 2: Data Availability and Completeness

Overview

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

Brief Summary

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

Radiology | maging

In addition, one of the most challenging data completeness
issues expressed by the participants was the availability of
radiology images (eg, the computed tomography scan or chest
X-ray images) rather than solely the interpretive reports of the
imaging studies completed by the radiol ogist at thetransferring
hospital. Participantsrelayed that EHR system incompatibility,
specifically the part of the EHR system that manages radiol ogy
images, contributes to the lack of access.

Laboratory Data

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

Clinical Notes

Participants al so relayed that incomplete availability of clinical
notes felt to be important in caring for transferred patients,
including notes related to prior admissions (eg, discharge
summaries), prior officevisits, and notesrelated to the patient’s
current admission at the transferring hospital (eg, their initial
history and physical, or “H & P"). One participant stated their
need for “the most recent pertinent datafrom the hospitalization,
if they do not get most of the care from our hospital, we want
a bigger time frame of information ... is their health problem
new? We need back data or alink out to prior data. That would
be helpful
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Medications

Participants relayed challenges with the availability of an
accurate medication list at the time of transfer. Importantly,
they expressed the desire for access to several different aspects
of the patient’s medication list, including an accurate list of
medications the patient was taking prior to admission to the
transferring hospital to provide historical context, an accurate
list of medicationsthe patient wastaking at the time of transfer,
and particularly a desire for access to the medication
administration record, which is a documentation of the timing
of medication administration. This latter list was felt essential
to be able to make efficient decisions about medication orders
when the patient arrives at the hospital.

Contact Information

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

Theme 3: Efficiency of Accessto Data

Overview

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

Dependence on Manual Processes

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

EHR Organization and Presentation

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

https://humanfactors.jmir.org/2025/1/e67884
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Clinical Notes

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

Laboratory Data and Vital Signs

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

Awareness of Existing EHR Capabilities

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

Information Architecture: Organization of Data
Elements

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

User Requirements

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

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

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

Workflow and efficiency include requirements that address the
user needsfor solutionsthat work within their current workflow,

Figure 2. Wireframe of the electronic interhospital data platform.
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minimize steps, and provide easier ways to accomplish their
task. (ie, user wants flexible displays of datato be able to view
the most critical and choose to access more detail).

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

Patient Status:
Cne-liner
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Code Status:

lliness Severity:

Patient Data
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Table. User requirements and proposed design features.
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User reguirement

Proposed solutions

Information prioritization

System places contact information as high priority

System places critical clinical information as high priority

System places clinical patient data as mixed high and low priority

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

Data accessibility

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

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

System includes away to view trendsin vitals, laboratory data, and
historical out of range lab data

System supports access to current and prior admission notes, progress
notes, recent PCP? notes, specialist consult notes, and discharge summary

System allows user to access al prior patient records

System allows user to access pending data at time of transfer

Workflow and efficiency

System supports user in accessing transferred patient datain onelocation
andin onelogica timelineto avoid searching through outside records and
faxes

System provides flexible displays of dataso userscan view most critical
and choose to access more detail

System provides user with accessto the status of atransfer asit evolves
during the transfer process

«  Suggested data elements: number for transferring floor, name or
contact of transferring physician, name of accepting hospital and
other cliniciansinvolved, contact information for health care proxy.

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

«  Suggested data elements: a brief summary of the patient’s clinical
status, reason for transfer, anticipated patient needs in the first 24
hours, length of stay at the transferring hospital, code status, and
level of illness severity.

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

«  Suggested dataelements: vitalsdata, |aboratory data, radiology data,
microbiology data, pathology data, vaccination status including
COVID-19, and recent procedures.

. Datasection in the left center of the summary page.

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

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

«  Notes section on theright side of the summary page, below the
snapshot.

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

«  Provide contact information within line of sight.

« Activemedication list shown before home medication list.

« Medicationslisted in aphabetical order.

o Accessto medication administration record viaalink or collapsible
content (to reduce overcrowding on the summary page).

« Display last 3 vauesor days.
«  Search function for specific laboratory data.
«  Present an option to view laboratory datain tabular format.

«  “Notes’ displayspatient clinical notesin reverse chronological order.
« Linkstoadmission notes, progress notes, recent PCP notes, specialist
consult notes, and discharge summary.

« Display linksto all available outside hospital records.

« Linksto pending dataincluded within pertinent sections (eg, labora-
tory data and microbiology data).

o  Generate aPatient Summary Page with all outside records pulled into
structured sections.

o Listdatain reverse chronological order.

«  Providelinksto specific data points or outside records for additional
information.

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

«  Provide accessto the patient timeline documentation as documented
by the accepting hospital (generated at time of acceptance for trans-
fer).
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User requirement

Proposed solutions

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

System allows user to choose their timeline for select data presentation

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

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

«  Provide accessto the radiology image and report within samelocation.
«  Organize this within the “radiology data’ section.

. Provide link out to additional historical data.

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

«  Optionto open other parts of the patient chart on the side panel while
viewing the Patient Summary Page.

« Optionto “pin” page to workbench for easier access.

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

8PCP: primary care provider.

Discussion

Principal Findings

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

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

https://humanfactors.jmir.org/2025/1/e67884

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

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

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

Limitations

Our study has severa limitations. We gathered requirements
from cliniciansworking at one health careinstitution using Epic,
therefore, the results may not be generalizable to other settings
and EHRs. Whilethe user requirements can be applied broadly,
the information exchange may vary depending on the health
system, so the successful application of these findings may vary
depending on the environment. Indeed, any solution that meets
these identified user requirements must also comply with data
privacy and security regulations, which may restrict the extent
of successful information exchange. Futureresearch will include
additional sites and EHR systems to understand whether there
are additional needs across different health care environments
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and geographical regions. Furthermore, we restricted the
qualitative sessionsto direct care attending physicians, residents,
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difficult and can cause delaysin patient planning and treatment.
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Abstract

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

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

Methods: A randomized controlled trial was conducted at theinternal medicine departments of ahospital in Hangzhou, Zhejiang
Province, China, from September 2021 to October 2022. A total of 77 older patients with chronic disease initially participated
in the study. The mean age of the participants was 67.16 (SD 7.04) years, with 42.86% (33/77) being women and 57.14% (44/77)
being men. The experimental group received an eHealth program intervention plus agrowth mindset intervention over 12 weeks,
with weekly sessions for the first 6 weeks and biweekly follow-up phone calls for the next 6 weeks. Each session lasted at least
25 - 45 minutes. Data were collected using a persona information form, the Implicit Theories of Intelligence Scale-6 (ITI1S-6),
and a questionnaire on knowledge, willingness, confidence, and practice of smart medicine (KWCP-SM). Measurements were
taken at the beginning of the study (TO), immediately after the 6 weeks of training provided to the experimental group (T1), and
after the 12 weeks of training for the intervention (T2). Data were analyzed using repeated-measures analysis of variance and
analysis of covariance.

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

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

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

(IMIR Hum Factors 2025;12:€65519) doi:10.2196/65519

KEYWORDS
e-health; older adults; chronic diseases; growth mindset intervention; positive response; randomized controlled trial

[2,3]. As a health-vulnerable group, older adults with chronic
disease require long-term health care service and
Chronic disease is one of the major causes of morbidity and  S€!f-management to adapt to physiological changes, posing a
mortality worl dwide, which occurs predominantly anong older ~ trémendous burden on patients, caregivers, and the health care
adults [1]. According to the Chinese Bureau of Statistics, the SYStem [4-6], and thisis where eHealth can contribute.

population aged 60 yearsand ol der reached 260 millionin 2020,  eHedlth ischaracterized by information technology, automation,
while 75% were dlagno%d with at least one chronic disease and inte”igence’ and enables patients' espeqa”y those with
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chronic disease, to monitor their heath parameters
automatically, receive quality clinical care remotely, and achieve
health management goals through interactions with eHealth
systems, medical personnel, and health care institutions [7,8].
It is regarded as an efficient approach to solve the uneven
distribution of limited medical resources and reduce the burden
of health care expenses [7-9]. By 2020 , more than 5000
hospitals in China provided online medical services, and over
900 internet hospitals were established, covering national
prefecture-level cities [10]. Studies have shown that eHealth
such as eHealth apps, monitoring devices[11], wearable devices
[12], and rehabilitation systems[13], can improve the outcomes
of chronic disease significantly. However, patientswith chronic
diseasesin old age, especially those with age-related stereotypes
and fixed mindsets, possess a low degree of willingness and
confidencein using eHealth services. Vailati Riboni and Pagnini
[14] found that negative stereotypes can trigger stereotypethreet,
causing older adultsto experience anxiety and inferiority when
encountering new technologies, thereby impairing their
operational abilities. They frequently struggle to comprehend
overwhelming and boring information offered across eHealth
services [15,16], and may be reluctant to try eHealth service
dueto previous unsuccessful experiences[17,18]. Consequently,
the online health care resource use rate among older adultsis
merely 15.2% [19]. Previous studies have demonstrated that an
increased growth mindset is a potential key strategy for
improving positive responses to eHealth because older adults
with a growth mindset can improve age-related stereotypes,
increase their willingness to adopt healthy behaviors and
resilience in the face of difficulties, and tend to use eHealth
more [20-23].

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

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

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

Methods

Design

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

Setting and Participants

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

This study used a quasi-experimental design, and the sample
size was calculated based on comparing the means of the two
samples [39]. An a priori power analysis showed that 34
participants per group (total N=68), accounting for anticipated
attrition, would achieve 90% power at a 5% significance level
to detect the expected mean difference. Finally, 77 participants
started the intervention, and 74 completed the 12-week
intervention period, with an attendance rate of 96.10% (74/77).
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Ethical Consider ations

The ethics committee of the School of Nursing at Hangzhou
Normal University has approved this study (2022015). Informed
consent was obtained from all participantsinvolved in this study.
Participants were informed of the study’s purpose, methods,
and process, aswell astheir right to withdraw at any time. Only
therelevant data of the participantswere used for this study and
all collected data were pseudonymized to protect participants
confidentiality. As compensation for study participation,
participants received a ¥50 (US $6.95) supermarket voucher
and a vegetabl e package upon study completion.

Blinding and Randomization

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

Intervention

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

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

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

Intervention strategy Intervention theme Intervention content Intervention form
Recogni ze growth mindset Isintelligence innate? o Introduced the structureand  Video lessons
function of the brain and neu-
rons.
«  Explained the plasticity of the
brain.

«  Emphasized theimportance of
learning and challenging new
things.

«  Strengthened the belief of “ex-
ercising the brain” and “the
more the brain is used, the
more flexibleit is.”

Can older adults become smart? « Introducethe changesin brain Video lessonsand face-to-faceinter-
structure and functionin older  action
adults.

o Listrelevant scientific research
to encourage patientsto believe
that the brain of older adultsis
still plastic.

«  Encourage patientsto talk
about the rel ationship between
“the plasticity of older adults’
brain” and their own intelligent

medical.
Explore growth mindset deeply The 2 different mindsets «  Introduce the concept of Video lessons, telelecture, and story
growth mindset. rewriting

«  Sharedifferent mindsetsin the
process of learning eHealth,
and guide patients to under-
stand different behaviors, and
results of the 2 mindsets.

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

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

Facing difficultiesand challenges «  Encourage patients to share Experience sharing and case studies
their experiences of overcom-
ing difficulties and guide them
to discover the importance of
agrowth mindset.

e Make acase of the common
difficulties and challenges of
older adults with chronic dis-
eases in the use of eHealth.

e AsKk patients to imagine how
to solve the problem through
efforts, strategies, seeking help,
and other waysiif they arethe
parties.
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Intervention strategy Intervention theme Intervention content Intervention form
Apply growth mindset The 4 steps of growth mindset « Introduce Dweck’s 4 step Video lessons and telelecture

Growing mindset habit cultivation
plan

Growth mindset in life Growth mindset in life

strategy to change the mindset:
accept, observe, name, and ed-
ucate.

«  Encourage patientsto describe
the experience of the emer-
gence of afixed mindset dur-
ing eHealth use and discuss
how to implement the 4 steps
of the growth mindset.

« Reviewtheinterventionsthat Face-to-face interaction
have been implemented.
«  Encourage patientsto talk
about the challenges related to
eHealth, and guide them to
think about how to use a
growth mindset to face the
challenges.
«  Completethe“growth mindset
habit cue card.”

«  Encourage patients with good
application of the growth
mindset, and help patientswith
difficulties to solve problems.

Telephone follow-up

eHealth Program

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

M easures

Implicit Theories of Intelligence Scale-6 (1 T1S-6)

Thelmplicit Theoriesof Intelligence Scale-6 (ITIS-6) [44] was
used to assess participants' level of growth mindset. Participants
completed the scale at baseline, 6, and 12 weeks of intervention.
The scale contains 3 growth mindset items and 3 fixed mindset
items. The Likert-6 scoring method was used, and a reverse
scoring method was adopted for the fixed mindset dimension,
with a higher score on the scale signifying a higher level of
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growth mindset. In this study, the Cronbach a coefficient for
ITIS-6 was 0.95, indicating good internal consistency.

Questionnaire of Knowledge, Willingness, Confidence,
and Practice of Smart Medicine (KWCP-SM)

According to the relevant policy documents on the promotion
and implementation of eHealth, thisstudy invited 5 expertswith
10 yearsor more of work experience (including 2 clinical nurses,
1 community nurse, and 2 community doctors) to conduct
face-to-face interviews, and developed the questionnaire of
knowledge, willingness, confidence, and practice of smart
medicine. The final questionnaire had the 4 dimensions of
knowledge, willingness, confidence, practice, and 9 items
including online registration, and mobile phone payment. There
were 36 itemsin total. The questionnaire adopted the Likert-5
scoring method. The higher score indicated a higher level of
knowledge, willingness, confidence, and practice of smart
medicine. The Cronbach a coefficient for the scale was 0.97,
indicating good internal consistency.

Statistical Analysis

Basdline demographic and medical characteristicswithin groups
were compared with an independent-sample t test (for
guantitative variables), x2 test (qualitative variables), or
nonparametric rank-sum test (qualitative variables following
grade data). The Mann-Whitney U test was applied to assess
the difference in growth mindset and KWCP-SM between the
two groups because of their abnorma distributions.
Within-group comparisons were performed by the Wilcoxon
signed ranks test. To evaluate the between-group differences
over time, a generalized estimation equation (GEE) was
performed. Statistical analysis was carried out with SPSS 25.0
version (IBM). P<.05 was considered statistically significant.
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Results

Participants

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

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow ch

Caoetd

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

art of participation in the eHealth training program.

Enrollment Assessed for

)

eligibility (n=95)

3

Excluded (n=18)
Mot meeting inclusion criteria (n=13)
Declined to participate (n=4)

Other reasons (n=1)

y

Randomised (n=77 )

|

) |

! | Allocation
Allocated to intervention group (n=38) Allocated to control group (n=39)
Received allocated intervention (n=38 ) Received allocated intervention (n= 39 )
Did not receive allocated intervention (n=0 ) Did not receive allocated intervention (n=0 )
] [ Follow-Up ] J
Lost to follow-up (n=2 ) Lost to follow-up (n=1)
Health issue (n=1) Lack of interest(n=1 )
Lack of interest(n=1)
l [ Analysis l l
L}
Analysed for primary outcome (n=36 ) Analysed for primary outcome (n=38 )
Excluded from analysis (n=0) Excluded from analysis (n=0 )
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Table. Baseline demographics, growth mindset, and knowledge, willingness, confidence, and practice of smart medicine (KWCP-SM) of participants.

Characteristic Intervention Control Z, ttest, or x(df) P value
(n=36) (n=38)
Demographics
Age (years), mean (SD) 67.47 (7.44) 67.03 (6.64) 0.274(72) .53
Sex, n (%) 2.60°(2) 16
Male 18 (50) 26 (68.42)
Female 18 (50) 12 (31.58)
Religious belief 2.81°(2) A1
Have 12(33.33) 20 (52.63)
Do not have 24 (66.67) 18 (47.37)
Educational level -0.63° .53
Primary school andbelow 15 (41.67) 14 (36.84)
Middle school 14 (38.89) 14 (36.84)
High school 5 (13.89) 7(18.42)
Junior college and above 2 (5.56) 3(7.89)
Marital status 0_35b(1) 74
Married 32 (88.89) 32(84.21)
Others (including di- 4(11.11) 6 (15.79)
vorced, etc.)
Place of residence 0. 45b(1) .64
Urban 17 (47.22) 15 (39.47)
Rural 19 (52.78) 23(60.53)
Occupation (previous main 3. 1Ob(5) 71
occupation if retired)
Publicinstitution person- 4 (11.11) 6 (15.79)
nel
Enterprise employee 10 (27.78) 13(34.21)
Worker 9(25) 5(13.16)
Farmer 9(25) 9(23.68)
Self-employed 3(8.33) 2(5.26)
Others (including free- 1(2.78) 3(7.89)
lance, etc.)
Monthly income (RMB) -0.60° .55
<1000 (<US$139.10) 5 (13.89) 4(10.53)
1000 - 2999 (US 7 (19.44) 7(18.42)
$139.10 - US$417.14)
3000 - 4999 (US 13 (36.11) 13 (34.21)
$417.28 - US $695.33)
>5000 (>US$695.47) 11 (30.56) 14 (36.84)
Living places 2_94b(4) .57
Living withaspouseand 13 (36.11) 11 (28.95)
children
Living with a spouse 20 (55.56) 19 (50)
Living with children 1(2.78) 4(10.53)
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Characteristic Intervention Control Z, t test, or x2(df) P value
(n=36) (n=38)
Living iningtitutions (in- 1 (2.78) 1(2.63)
cluding nursing home, etc)
Living alone 1(2.78) 3(7.89)
Health insurance 2.05°(3) .56
Urban resident basic 17(47.22) 22(57.89)
medical insurance
New rural cooperative 16(44.44) 11(28.95)
medical scheme
Commercid medicd insur-  1(2.78) 2(5.26)
ance
No medica insurance 2(5.56) 3(7.89)
The number of comorbidi- -0.31¢ .76
ties
1 12(33.33) 9(23.68)
2 13(36.11) 19(50)
>3 11(30.56) 10(26.32)
Self-rated health status (0 - 6.32 (1.72) 5.91 (2.05) -0.54%(72) .60
10), mean (SD)
1T1S" score, mean (SD) 18.50(8.65) 17.53(9.09) -0.47472) 81
KWCP-SM€ score, mean 80.06 (22.25) 79.58 (28.05) -032f .75
(SD)
Knowledge score, mean 23.75(7.24) 23.47(8.21) —052f .60
(SD)
Willingness score, mean 23.19(7.63) 23.29 (9.46) —0.06" .95
(SD)
Confidence score, mean 20.56 (8.47) 20.74 (9.68) —0.19 .85
(SD)
Practice score, mean (SD)  12.56 (4.77) 12.08 (4.72) —0.23f .82

8Denotes the independent-samplestt test (t).

bDenotes the X2 test (x3).

“Denotes the Wilcoxon or Mann-Whitney Z test (Z).

4TIS: implicit theories of intelligence scale.
EKWCP-SM: knowledge, willingness, confidence, and practice of smart medicine.
"Denotesthe Mann-Whitney U test (Z).

Growth Mindset

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

KWCP-SM

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

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

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

Caoetd

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

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

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

[KWCP-SMY]).
Variables Groups TO? mean (SD) T12 mean (SD) T2 mean (SD) Relativetobase- zscore P value?
ling, %
Growthmindset, |gd 18.50 (8.65) 21.89 (7.99) 20.33(8.53) 9.89 -5.13 <.001
ITIS
cae 17.53 (9.09) 17.79(10.03)  18.00(9.16) 2.68 -5.13 >,001
Knowledge, IG 23.75(7.24) 31.67 (5.13) 30.72 (6.09) 29.35 -5.20 <.001
f
KWCP-SM CG 23.47 (8.21) 31.61(6.82) 29.82 (7.45) 27.06 -4.85 <.001
Willingness, IG 23.19 (7.63) 29.69 (7.52) 27.72 (8.16) 19.53 -3.25 .001
KWCP-SM
CcG 23.29 (9.46) 24.92 (8.55) 23.55(7.13) 112 -0.67 50
Confidence, IG 20.56 (8.47) 28.64 (8.23) 26.78 (9.13) 30.25 -3.75 <.001
KWCP-SM
CcG 20.74 (9.68) 21.87 (9.45) 21.87 (9.45) 5.45 -1.77 .08
Practice, IG 12.56 (4.77) 14.56 (5.57) 13.39 (5.18) 6.61 -1.69 .09
KWCP-SM
CcG 12.08 (4.72) 13.21 (5.31) 12.58 (4.79) 414 -1.50 13

#Time points. TO: baseline; T1: 6-week; T2: 12-week.

Bwithi n-group changes were examined with Wilcoxon signed ranks test.
I TIS: Implicit theories of intelligence scale.

4G: intervention group.

€CG: control group.

fkweP-sMm: Questionnaire of knowledge, willingness, confidence, and practice of smart medicine.

Table . Effects of intervention on outcome variables between two groups: Growth mindset and knowledge, willingness, confidence, and practice of

smart medicine (KWCP-SM).

QOutcomes Group Time (Group x time)®
Wald P vaue Wald P value Wald P value

Growth mindset 1.63 .20 15.84 <.001 11.57 .003
Knowledge 0.08 .78 204.28 <.001 114 57
Willingness 3.26 .07 26.53 <.001 10.63 .005
Confidence 3.89 .049 40.95 <.001 25.09 <.001
Practice 0.68 41 19.47 <.001 151 A7

3Results of growth mindset and knowledge, willingness, confidence, and practice of smart medicine (K WCP-SM) outcome analysis using the generalized

estimation equation (GEE).

Discussion

Principal Findings

This study constructed a growth mindset intervention program
for older patientswith chronic diseases and evaluated its effects
on their growth mindset and positive response to eHealth. After
12 weeks of intervention, the findings showed a significant
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improvement in the total ITIS-6 and KWCP-SM scores of
patients in the intervention group compared with the control
group, which suggests that the intervention was effective. We
tailored our growth mindset program to address the mindset
and micro-psychology of older adult patients with chronic
diseases. This approach offers a new direction in bridging the
digital divide targeting older adults.
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Comparison With Previous Work

While the intervention program of this study effectively
improves the growth mindset of older adults with chronic
diseases,research on the effectiveness of growth mindset
interventions in increasing the level of growth mindset in
different populations is not entirely consistent. For example,
Plaks and Chasteen [36] conducted a growth mindset
psychological experiment with 88 older adults and found
significant increases in the growth mindset in the experimental
group. Orvidas et al [31] conducted an online growth mindset
intervention with 48 obese children and adol escents and showed
that the experimental group had better levels of growth mindset
than the control group and significantly improved perceptions
of health behaviors and self-efficacy. However, Sridharan et al
[23] conducted an online growth mindset intervention with 398
smokers for 24 days and found that there was no significant
difference in the level of growth mindset between the
intervention group and the control group after the intervention,
which may be due to the excessive amount of growth mindset
intervention content provided to the participants. In this study,
the intervention group showed better improvement in growth
mindset than the control group, which could be attributed to the
following reasons: First, we consulted previous growth mindset
interventions that worked and adopted the framework of the
intervention program previously published [27] as the main
theme. At the same time, we combined the characteristics of
psychological dependence of older adults to construct the
themes, a total of 4 strategies along with the themes were
included. The “Recognizing growth mindset” strategy used
video lessons and face-to-face interaction to | et the participants
believe the plasticity of the brain of their own; the “Exploring
growth mindset deeply” strategy used video lessons, tel e ecture,
and story rewriting to promote deeply understanding and
internalization of the growth mindset; the “Applying growth
mindset” strategy used daily practiceto promotetheintegration
of growth mindset into the patient’sreal life and learn to apply
it; the “growth mindset in life” strategy used phone follow-up
to help older adults with difficulties to solve problem and
promote habit formation. Second, considering that effective
training and dependence behavior are important measures for
individual growth in old age [45], we helped patients identify
the timing of afixed mindset and adjust and cultivate a growth
mindset through four steps. acceptance, observation, naming,
and education. Furthermore, by teaching older adults about
brain plasticity and the experience of growth mindset activities,
this study, to a certain extent, broke the stereotype of “old age
isfrailty,” and instilled the hope of improvement in ol der adults.
In addition, patients overcame difficulties through the growth
mindset intervention and successfully mastered the experience
of eHealth treatment, enabling them to realize that the growth
of older adults is controllable, achievable, and recognized by
society. This hopeful and emotional experience enhanced their
belief that their ability can still be developed, improving their
level of growth mindset.

After the 12-week eHealth program intervention, thetotal score
of KWCP-SM, which measured the level of willingness and
confidence in smart medicine, improved significantly in both
the intervention and control groups compared to the
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pre-intervention period. This suggests that the traditional
teaching model can improve the ability of older adults to use
eHealth to some extent, and the result is consistent with the
study by Zhao et a [46]. There are some possible explanations
for this. First, existing studies have found that older adults
experience maor negative psychological emotions such as
age-related stereotype, frustrated self-esteem, and dwindling
motivation, which hinder the integration of eHealthin their lives
[47,48]. Growth mindset intervention can effectively improve
age-related stereotypes by instilling the belief in the plasticity
of older adults’ intelligence and ability [49,50]. It also reduces
patients excessive attention to learning outcomes, regards
failure asaprocess of learning and improvement, protectstheir
self-esteem and secondary fear of science and technology inthe
event of failure to acertain extent, and stimulates their internal
motivation [51-53]. Second, the theory of growth mindset
emphasizesthat efforts, strategies, and timely help-seeking are
important paths for learning and growth [27]. This study not
only teaches patientsto learn knowledge and skills, emphasizing
that the key premise is hard work, but also empowers patients
with eHealth learning strategies and help-seeking methods.
Furthermore, our intervention met the practical needs of older
adults who urgently need eHealth health care but are unable to
take full advantage of it because they have not kept pace with
technological developments. As a result, the willingness and
interest of older people to learn are relatively high and the
outcomes of this eHealth program are more positive.

Strengths and Limitations

The growth mindset intervention in thistrial was developed in
atheoretical and evidence-based manner and contains atailored
education program taking the characteristics of the older adults
with chronic diseases into account. In addition, the training
program organically integrates local slang into the training,
increases the patients’ trust in the plasticity of older adults
brains and their belief in lifelong learning, and sets up regular
and multiple nurse-patient communication sessions, which
facilitate real-time interaction and feedback, thus meeting the
patients' personalized needs.

Several limitations of this study should be noted here. First, the
study was carried out at only one comprehensive hospital in
Hangzhou. More multicenter and large sample studies should
be carried out to further verify the scheme's effectiveness.
Second, the between-group differencein actua eHealth behavior
change was not statistically significant. This may due to time
constraints, only the effect of the growth mindset intervention
for 12 weeks was confirmed. In the future, research should
continue to track participants for 12 weeks or more to identify
the effectiveness of theintervention program over the long term.
Third, this study took the lead in building a growth mindset
intervention program for older patients with chronic diseases
and preliminarily verified the effectiveness. However, during
theintervention, individual differenceswerefound among older
adults which may partly explain the nonsignificant finding, so
future studies need to constantly adjust and improve the
intervention plan according to the characteristics and needs of
the participants.
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Future studies should al so implement the double-blind method
and increase the objective evaluation indicators related to
eHealth (such as frequency of visiting doctors, compliance,
clinical nursing outcomes, etc.) to verify the efficacy of this
program. Finally, future studies can build aplatform for elderly
growth mindset intervention with emerging technologies to
achieve large-scale and accurate intervention, to improve the
level of growth mindset in older adultsto a greater extent.

Conclusions

The growth mindset intervention program for older adults with
chronic diseases constructed in this study effectively improves
the growth mindset of older adults with chronic diseases,
enhances their mastery of eHealth knowledge, and boosts their
confidence and willingness to use eHealth tools. It is expected
to help patients meet their own diagnostic, treatment, disease
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Abstract

Background: Informed consent (IC) isacornerstone of ethical clinical research, yet comprehension gapspersist. Thei-CONSENT
guidelines aim to improve | C materials by enhancing clarity, accessibility, and tailoring them to the needs of diverse populations.
This study evaluates the effectiveness of electronic IC (elC) materials developed under these guidelines for 3 target
populations—minors, pregnant women, and adults—across Spain, the United Kingdom, and Romania.

Objective: The primary aim of this study isto assess participants comprehension of and satisfaction with el C materialstailored
to their specific needs. The secondary objectives areto identify demographic predictors of comprehension, eval uate the cross-cultura
applicability of materials, and explore format preferences.

Methods: A cross-sectional study was conducted with 1757 participants (620 minors, 312 pregnant women, and 825 adults),
who reviewed el C materials through a digital platform offering layered web content, narrative videos, printable documents, and
infographics. Materialswere co-designed using participatory methods, including design thinking sessionswith minors and pregnant
women, and online surveys with adults. Comprehension was assessed using an adapted version of the Quality of the Informed
Consent questionnaire. Objective comprehension (part A) was categorized as low (<70%), moderate (70% - 80%), adequate
(80% - 90%), or high (=90%). Subjective comprehension (part B) was measured using a 5-point Likert scale. Satisfaction was
evaluated through Likert scales and usability questions, with scores=80% considered acceptable. Multivariable regression models
were applied to identify predictors of comprehension.

Results: Objective comprehension exceeded 80% across all groups: minors (mean 83.3, SD 13.5), pregnant women (mean 82.2,
SD 11.0), and adults (mean 84.8, SD 10.8). Women/girls outperformed men/boys (=+.16 to +.36). Generation X adults scored
higher than millennials (B=+.26, P<.001), while prior trial participation was associated with lower comprehension scores (=-.47
to —1.77). Among minors, compared with participants from Spain with no previous clinical trial experience, comprehension was
significantly lower in Spain (P=.03), Romania (P<.001), and the United Kingdom (P<.001). Format preferences varied: 382 out
of 620 (61.6%) minors and 152 out of 312 (48.7%) pregnant women preferred videos, whereas 452 out of 825 (54.8%) adults
favored text (P<.001). Satisfaction rates surpassed 90% in all groups (minors, 604/620, 97.4%; pregnant women, 303/312, 97.1%;
and adults, 804/825, 97.5%), with 777 out of 825 (94.2%) adultsal so indicating that the material sfacilitated understanding. While
translated materials maintained high efficacy across countries, comprehension scoresin Romaniawere lower among participants
with lower educational levels (B=-1.05, P=.001). Materials cocreated in Spain were effective across countries but yielded higher
comprehension within the original target population.

Conclusions: elC materias developed following the i-CONSENT guidelines achieved high levels of comprehension and
satisfaction across diverse populations, demonstrating scalability for multinational trials. Cocreation and multimodal design
effectively addressed participant preferences; however, cultural adaptation remained crucial for optimizing outcomes. The negative
impact of prior trial participation highlightsthe need for tail ored engagement strategiesfor returning participants. Future research
should explore regional disparities, evaluate interventions for overconfident returning participants, and validate these tools across
broader cultural contexts.
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Introduction

Background

Informed consent (IC) isakey element in ensuring the autonomy
of potential participants when deciding whether to partakein a
study. To be effective, IC must meet 5 key criteria
voluntariness, capacity, disclosure, understanding, and
decision-making. However, numerous studies have highlighted
persistent gapsin participants comprehension of theinformation
provided during the |C process[1].

The i-CONSENT project was initiated to address these
challenges by improving IC materiads to make them more
comprehensible, accessible, and tailored to the specific needs
of diverse populations. As part of this initiative, the project
devel oped the “ Guidelines for Tailoring the Informed Consent
Process in Clinical Studies’ [2] (i-CONSENT guidelines).
Among the recommendations included in the guidelines,
involving potential participantsin the preparation of the IC and
its associated materials has been identified as a key factor [3].

To evaluate theimpact of these guidelines, 3 mock studieswere
conducted, each focusing on a distinct population: minors,
pregnant women, and adults. The IC materials were presented
in electronic formats (electronic IC [elC]), incorporating
innovative features such as layered web content, narrative
videos, printable documents, and customized infographics.
These formats alowed participants to engage with the
information in ways that suited their preferences and cognitive
styles.

https://humanfactors.jmir.org/2025/1/e65569

RenderX

This study aims to assess participants comprehension of and
satisfaction with elC materials tailored to their specific needs.
Additionally, it seeks to explore cross-cultural applicability by
implementing these materials across 3 countries—Spain, the
United Kingdom, and Romania—and examining demographic
predictors of comprehension. The findings contribute to
advancing inclusive and participant-centered 1C processes in
clinical research while promoting informed decision-making.
Objective

The main objective of this study is to estimate the proportion
of potential participants who understand the 3 different elC
materials prepared following the i-CONSENT guidelines.
Additional objectives are to (1) analyze differences in
comprehension across countries (Spain, the United Kingdom,
and Romania) and eval uate whether materials designed for one
region apply to other regions or languages; (2) assess
comprehension within specific domains of |C information; and
(3) evaluate participant satisfaction with the elC materials.
Additional objectives for adults include exploring differences
in comprehension by gender and age, while for minors, the
objectiveisto explore differencesin comprehension by gender.

Methods

Elaboration of e-Consent Materials

Overview

Electronic information materials have been prepared for 3 mock
studies on vaccine clinical trials, each addressed to a different
population group (see Table 1).
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Table. Description of the 3 case studies.

Fons-Martinez et d

Variable Minors Pregnant women Adults
Target population
Age (years) 12-13 =18 Millennials: 18 - 38; Generation X:
39 - 53
Gendersincluded Both male and female N/A2 Both male and female
Samplesize, n 620 312 825

Case scenarios

How was the target population in-

volved?

Materials prepared

Human papillomavirus vaccination
inminors, considering gender differ-
ences.

One design thinking session with
children and parents, 1 session with
children alone, and piloting of the
contents of the information sheet
and the survey.

eConsentb, includinginformationin
3 formats: awebsite page (layered
approach), avideo (storytelling for-
mat), and a document (improved
format).

Respiratory syncytial virusvaccina-
tion in pregnant women, considering
both their needs and those of their
babies.

Two design thinking sessions with
pregnant women and piloting of
materials.

eConsent included informationin 3
formats: awebsite page (layered
approach), 1 infographic (about the
study procedures), a video (ques-
tion-and-answer format), and a
document (improved format).

Meningococcal vaccination in
adults, considering gender and gen-
erational differences.

An online-based self-administered
survey used for piloting.

eConsent included informationin 3
formats: awebsite page (layered
approach), 5 infographics (covering
general information, procedures,
benefitsand risks, legal aspects, and
data protection), and a document

(improved format).

8N/A: not applicable.
beConsent: electronic consent.

The materials have been prepared following the i-CONSENT
guidelines, taking into account potential participants preferences
and needs[4]. Different formats were included, and participants
could choose among these formats or combine them. Table 1
provides information about the materials prepared.

Development Process

The materials were originally prepared in Spanish through a
cocreation process involving representatives from the target
population. A multidisciplinary team comprising clinical trial
physicians, epidemiologists, a sociologist, a journalist, and a
nurse collaborated on the design. This approach ensured that
the materials were scientifically accurate while addressing the
cognitive and cultural needs of participants. The cocreation
methodology included participatory sessions with minors and
preghant women in Spain to ensure that the materials were
relevant and engaging for these groups. For adults, online
surveys provided insights into preferences and usability. This
iterative processallowed for refinement based on user feedback
before finalizing the materials.

To facilitate cross-cultural implementation, the materials were
professionally trandlated into English and Romanian by native
speakers of thetarget languages. Thetrand ation process adhered
to a rigorous rubric that prioritized fidelity to meaning,
contextual appropriateness, and adaptation to local customsand
linguistic conventions. Each translation was independently
reviewed by another professional trandator to ensure quality
and consistency.

Formats Offered

Participants accessed the el C materials viaa dedicated website,
where they could choose from multiple formats based on their

https://humanfactors.jmir.org/2025/1/e65569

preferences or combine them as needed. The formats offered
(depending on the specific case study) included the following:

- Layered web content: A modular approach that allowed
participants to access additional details or definitions by
clicking on specific terms.

- Narrative videos: Tailored video formats for minors and
pregnant women (aquestion-and-answer stylefor pregnant
women and narrative storytelling for minors).

«  Printable documents: Text-based materials with integrated
images, designed for participants who prefer physical
copies.

- Infographics: Simplified visual representations of complex
topics such as legal aspects or participant rights.

Theformatswere not mutually exclusive, and participants could
engage with any combination of formats according to their
preferences.

Comprehension Assessment Tool

Adaptation of the Quality of the I nformed Consent
Questionnaire for Target Populations

To evaluate comprehension, 3 tail ored adaptations of the Quality
of the Informed Consent questionnaire (QuIC) [5] were used,
1 for each mock study. The adaptations were based on the
original version of the QuiC developed by Joffe et a [5] and
subsequent modifications by Paris et a [6,7]. The adjustments
accounted for the nature of the study (vaccine clinical triasin
healthy populations), the characteristics of the target groups
(minors, pregnant women, and adults), and European regulations
on data protection and clinical trials.

JMIR Hum Factors 2025 | vol. 12 | e65569 | p.137
(page number not for citation purposes)


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

JMIR HUMAN FACTORS

Development and Validation

Each adaptation process was conducted independently for the
respective population. For minors and pregnant women,
cocreation sessions were held with representatives from these
groups to ensure that the questionnaires were appropriate and
comprehensible. Feedback from these sessionsinformed iterative
revisions, resultingin the final versions of thetools. The adapted
guestionnaires were originaly developed in Spanish and
subsequently trandated into English and Romanian by
professional trandators. These trandations followed arigorous
rubric that prioritized fidelity to meaning, cultural
appropriateness, and linguistic clarity.

Structure of the Questionnaires

The surveys, as their predecessors, consist of 2 parts to assess
understanding: part A measures objective understanding, and
part B measures subjective understanding.

In the surveys for adults and pregnant women, part A includes
22 questions with 3 response options (“no,” “don’t know,” and
“yes’). The scoring system follows that of the original version
of the QuIC [5]: O points for an incorrect answer, 50 points for
a“don't know” response, 100 points for a correct answer. The
guestions in pat A ae grouped into 7 domains:
“Nature/purposes of research,” “Risks and benefits,
“Alternative procedures,” “Legal, participant protection,”
“Compensation,” “Contacts, information,” and “Participants
rights” Part B consists of 13 questions scored using a 5-point
Likert scale. Scoresare assigned asfollows: O pointsfor arating
of 1, 25 points for 2, 50 points for 3, 75 points for 4, and 100
points for 5.

The survey to measure children’s understanding was designed
in a cocreation session with children and resulted in the Assent
Comprehension Questionnaire for vaccine studies (abbreviated
CCAsln, from its Spanish title Cuestionario de Comprension
del Asentimiento Informado) [4]. Inthissurvey, part A includes
14 questions with 2 response options (“agree” and “ disagree”);
correct answers score 100 points, and incorrect answers score
0 points. Part B consists of 10 questions, scored using the same
values as in the adult version. The minors survey includes 3
domains: “Nature/purposes of research,” “Risks and benefits,”
and “Participants’ rights.”

The global score of each part was calculated as the average
score of all questionsin that part. Domain-specific scoreswere
also calculated for part A by averaging the scores within each
domain.

Additionally, 2 sections were added: 1 with sociodemographic
questions and 1 with questions addressing acceptance,
preferences, and satisfaction with the elC materials. A
multiple-choice question was included to capture participants
preferences regarding information formats.

Thefinal versions of the questionnaires underwent pilot testing
with representatives from each target population to ensure
validity and reliability. Feedback from participants informed
minor adjustments before implementation in the main study.

Parts A and B of each survey are included in Multimedia
Appendix 1, along with the frequency of responses for each

https://humanfactors.jmir.org/2025/1/e65569
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guestion. Multimedia Appendix 1 also presents the questions
grouped by domain.

Ethical Consider ations

Ethics Review and Approvals

This study was conducted in accordance with the Declaration
of Helsinki and received ethical approval from the Research
Ethics Committee of the Foundation for the Promotion of Hedlth
and Biomedical Research of the Vaencia Region (FISABIO;
approval humber 20200109/09).

Informed Consent

All participants provided | C before participation (see Multimedia
Appendix 1). For minors, parental/guardian consent was
obtained al ongside assent from the children themselves. Online
participants provided consent/assent electronically viaadigital
form integrated into the survey platform. Participants were
explicitly informed that their involvement was voluntary and
not related to any actual clinical trial.

Privacy and Confidentiality

All data collected were anonymized and securely stored on
password-protected servers. Personal identifiers were removed
before analysis, and participants were assured that their
responses would remain confidential. Access to the raw data
was restricted to the research team.

Compensation

Participants received compensation based on their recruitment
group:

« Minorsin Spain: Schoolswherethe surveyswere conducted
received an Amazon voucher worth €200 (US $235) as an
institutional incentive. For minors outside Spain, no direct
compensation was provided due to logistical constraints;
instead, recruitment was facilitated by the market research
company (GfK) that visited school sto oversee participation.

« Adultsand pregnant women: Participantsrecruited through
the market research company’s panel database received
pointsequivalent to €4 to €5 (US $5 to US $6), which could
be redeemed for gift cards or other rewards through the
panel’s system.

Recruitment

Rationale for Selecting Target Populations

The study targeted 3 distinct populations. minors, pregnant
women, and adults. These groups were selected due to their
specific ethical and regulatory considerationsin vaccineclinical
trials. Minorswereincluded because their participation requires
both assent and parental authorization, presenting ethical
challenges dueto their classification as avulnerable population.
Pregnant women were chosen to examine ethical safeguards
and risk perceptions that may influence their willingness to
participate, particularly in the context of vaccines administered
during pregnancy to protect the unborn child. Adults were
included as they represent the primary target population for
vaccinetrials, allowing for an assessment of |C comprehension
and decision-making within a generally healthy population, as
well as enabling intergenerational comparisons.
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Surveys were conducted in 3 countries —Spain, the United
Kingdom, and Romania—through the market research company
with established household panel databases (30,000 panelists
in Spain, 700,000 in Romania, and 2 million in the United
Kingdom). The selection of these countries followed a cluster
sampling approach based on their geographical distribution
across Northern, Southern, and Eastern Europe. Factors such
as cultural and linguistic diversity, country size, the number of
registered clinical trials, and affiliation with the consortium
were considered in the selection process.

Recruitment of Minors

For minors, recruitment was initially intended to be conducted
face-to-facein schools. However, dueto COVID-19 restrictions,
this approach was adapted to online surveys in the United
Kingdom and Romania. In Spain, surveys were partialy
conducted at state-subsidized schools under controlled
conditions and complemented by online surveys completed at
home. To ensure comparability across countries, recruitment
targeted children aged 12 - 13 attending state-subsidized schools
or equivalent educational settings.

A recruitment questionnaire was sent to randomly selected
panelistswith children aged 12 or 13 years. Parents were asked
whether their children attended subsidized schools; if they
responded affirmatively, they were invited to participate. Once
parental 1C was obtained, children were asked to provide their
assent to participate. Parents also signed a certification
confirming that survey responseswere provided by their children
rather than themselves. Materials and surveys were then sent
online to participants who agreed to participate.

In Spain, 187 out of 312 students completed the survey in
information technology classrooms under the supervision of
study representatives, while the remainder participated from
home. The data obtained across all 3 countries were fully
comparable, as the sample profiles of children were matched
across regions and the surveysthat were conducted using similar
procedures.

Recruitment of Adults and Pregnant Women

Adults and pregnant women were recruited using the market
research company’s househol d panel databasefor online studies.
Invitations were sent to randomized samples of panelists who
met the age and sex criteria. Sampling was controlled by area,
age group, and socioeconomic level to ensure representativeness.

To identify pregnant women, the recruitment questionnaire
included the question, “Areyou currently pregnant?’ All women
who replied in the affirmative were included in the study group
for pregnant women.

In Spain, dueto the smaller panel sizefor pregnant women and
the larger sample requirements, part of the recruitment was
conducted face-to-face near health centers in Valencia and
Madrid. This was carried out by professional recruiters using
convenience sampling criteria. Pregnant women approached by
recruiters were asked whether they wished to participate after
being presented with the study details. Interested participants
provided their email addresses via a dedicated form for
follow-up communication. Subsequently, documentation and
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participation links were sent electronically in the same manner
asfor other panelists.

I nstructions Provided to Participants

Participants received materials via email adong with a
standardized script explaining the study’s purpose and
procedures. This script included (1) an introduction to
FISABIO's research within the framework of the European
i-CONSENT project; (2) astatement clarifying that participation
was voluntary and unrelated to any actual clinica trial; (3) an
overview of the study structure (reviewing I C materia sfollowed
by asurvey); and (4) estimated times for viewing the materials
(35-40 minutes) and completing the survey (a minimum of 12
minutes).

Participants were instructed to review al materials before
completing the survey. They accessed the materialsviaaprivate
link sent to their email or provided during recruitment. The
website allowed participants to open the materialsin a browser
tab while completing the survey in another, enabling them to
refer back to the information as needed during data collection.

Fieldwork Period

All fieldwork for al study groups and countries was conducted
between September and October 2020.

Survey Platform and Data Management

The surveys were administered using Confirmit Horizons v24,
amultimodal platform employed by GfK for datacollectionvia
computer-assisted telephone interviewing, computer-assisted
personal interviewing, or computer-assisted web interviewing
methodologies. Data were securely transmitted from the
platform to the research team, ensuring anonymization and
compliance with data protection standards.

Adaptations Due to the COVID-19 Pandemic

A pilot test was conducted in Spain in July 2020 to evaluate the
feasibility of face-to-face recruitment. The results (530 people
approached, 467 uninterested, 5 compl eted surveyson-site, and
58 completed surveys from home via email) highlighted
significant challenges with in-person recruitment and
demonstrated the practicality of online data collection methods.
Consequently, al surveys were conducted online, except for
minors in Spain, where a hybrid approach was used (see the
CHERRIES [Checklist for Reporting Results of Internet
E-Surveys] checklist in Multimedia Appendix 1).

Statistical Analysis

Summary of Descriptive Statistics

Descriptive statistics were calculated for the study database,
stratified by country, age, and gender (except for pregnant
women, where gender was not applicable). Categorical variables
were summarized using frequencies and percentages, while
guantitative variables were described using means and SDs.

Comprehension Score

Comprehension of the study materials was assessed using the
total score from part A of the adapted QulC surveys, aswell as
by individual domainsof 1C. Scoreswere categorized asfollows,
based on the maximum score: below 70% indicated low
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comprehension; between 70% and 79% indicated moderate
comprehension; between 80% and 89% indicated adequate
comprehension; and 90% or higher indicated high
comprehension.

These cut-off pointswere established based on previous studies
[8-10Q].

Regression Modeling

To evaluate differences in comprehension scores (part A) by
country, age (adults), or gender (adults and minors), a linear
regression model was constructed. Given the exploratory nature
of the objectives, the model was adjusted for age (adults only),
country, gender, previous participation in a clinical trial, and
educational level (up to primary vs tertiary education, adults
only), as these factors were anticipated to be strong predictors
of comprehension. Interactions between variables were tested,
and the Akaike information criterion (AlC) was used to select
the optimal model by penalizing for model complexity. Asthe

Table. Characteristics of the minors (n=620).

Fons-Martinez et d

mean score did not follow a normal distribution, an ordered
guantile normalizing transformation was applied to the data
before regression analysis[11].

The analysis was carried out using the statistical software R,
version 4.0.3 (R Foundation).
Data Exclusion Criteria

Participants whose response pattern indicated that more than
80% of items in the part A questionnaire were answered as
“don’t know” were excluded from the analyses (n=6).

Results

Study Sample and Participant Characteristics

After exclusions, atotal of 1757 participants were included in
the analysis: 825 adults, 312 pregnant women, and 620 minors.
Key sociodemographic characteristics are summarized in Tables
2-4.

Characteristics Spain (n=312), n (%)

Romania (n=125), n (%)

United Kingdom (n=183),n  All (n=620), n (%)
(%)

Age

12 yearsold 149 (47.8) 72 (57.6)
13 yearsold 163 (52.2) 53 (42.4)
Gender

Male 167 (53.5) 47 (37.6)
Female 145 (46.5) 78 (62.4)
Previous participation in areal clinical trial

No 293 (93.9) 118 (94.4)
Yes 19 (6.1) 7 (5.60)

103 (56.3) 324 (52.3)
80 (43.7) 296 (47.7)
88 (48.1) 302 (48.7)
95 (51.9) 318(51.3)
176 (96.2) 587 (94.7)
7(3.8) 33(5.3)

Table. Characteristics of the pregnant women (n=312).

Characteristics Spain (n=163), n (%)

Romania (n=89), n (%)

United Kingdom (n=60), n
(%)

All (n=312), n (%)

Age groups

<29 yearsold 41(25.2) 30(33.7)
29 - 38 yearsold 100 (61.3) 47 (52.8)
39 - 45 yearsold 18 (11.0) 12 (13.5)
>45 years old 4(2.5) 0(0)
Previous participation in areal clinical trial

No 142 (87.1) 76 (85.4)
Yes 21(12.9) 13 (14.6)
Educational level

None completed/primary 52 (31.9) 17 (19.1)
school/high school

University or higher 111 (68.1) 72 (80.9)

28 (46.7) 99 (31.7)
29 (48.3) 176 (56.4)
3(5.0) 33(10.6)
0(0) 4(13)

45 (75.0) 263 (84.3)
15 (25.0) 49 (15.7)
10 (16.7) 79(25.3)
50 (83.3) 233 (74.7)
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Table. Characteristics of the adults (n=825)

Characteristics Spain (n=420), n (%) Romania (n=245), n (%) United Kingdom (n=160), n  All (n=825), n (%)
(%)

Gender

Male 219 (52.1) 122 (49.8) 79 (49.4) 420 (50.9)

Female 201 (47.9) 123 (50.2) 81 (50.6) 405 (49.1)

Age group

<29yearsold 105 (25.0) 57 (23.3) 37(23.1) 199 (24.1)

29 - 38 yearsold 112 (26.7) 63 (25.7) 43(26.9) 218 (26.4)

39 - 45yearsold 99 (23.6) 65 (26.5) 40 (25.0) 204 (24.7)

>45 years old 104 (24.8) 60 (24.5) 40 (25.0) 204 (24.7)

Previous participation in areal clinical tria

No 401 (95.5) 230(93.9) 134 (83.8) 765 (92.7)

Yes 19 (4.5) 15(6.1) 26 (16.3) 60 (7.3)

Educational level

None completed/primary 179 (42.6) 23(9.4) 46 (28.8) 248 (30.1)

school/high school

University or higher 241 (57.4) 222 (90.6) 114 (71.3) 577 (69.9)

pregnant women, mean 82.2 (SD 11.0); and adults, mean 84.8
(SD 10.8). All domains achieved mean scores above 70%, with
Comprehension Outcomes by Population Group no domains falling below 80% in any of the target populations
(Table5). Thedistribution of comprehension levelsis presented
in Table 6.

Objective Comprehension (Part A)

The mean objective comprehension scores (adapted QulC part
A) were high across all groups: minors, mean 83.3 (SD 13.5);

Table. Mean scores and SDs of each domain by study case (adapted QuIC? part A).

Domain Minors, mean (SD) Pregnant women, mean (SD) Adults, mean (SD)
Nature/purpose of research 84.3 (16.2) 85.8 (17.3) 85.7 (15.3)
Risks and benefits 85.4(13.2) 70.5 (21.4) 82.8(19.3)
Alternative procedures N/AP 90.2 (24.9) 77.0 (23.4)
Legal, participant protection N/A 78.9 (19.9) 87.3 (15.6)
Compensation N/A 84.0 (20.3) 82.7 (21.3)
Contacts, information N/A 80.8 (16.4) 79.2 (20.7)
Participants rights 88.8 (23.2)° 90.0 (14.7) 92.3(13.0)
Final score for QuIC part A 83.3(13.5) 82.2(11.0) 84.8 (10.8)

3QuIC: Quality of the Informed Consent questionnaire.
BN/A: not applicable.

%Inthe minors' survey “Contacts, information” and “ Participants’ rights’ were grouped into asingle domain, as there was only 1 question on “Contacts,
information” (A12), which made it very weak for analysis.

Table. Distribution of participantsin each level of comprehension by case study (N=1757).

Degree of comprehension (part A)  Minors (n=620), n (%) Pregnant (n=312), n (%) Adults (n=825), n (%)

High (=90%) 259 (41.8) 91 (29.2) 322(39.0)

Adequate (=80% and <90%) 109 (17.6) 100 (32.1) 287 (34.8)

Moderate (=70% and <80%) 153 (24.7) 80 (25.6) 117 (14.2)

Low (<70%) 99 (16.0) 41 (13.1) 99 (12.0)
https.//humanfactors.jmir.org/2025/1/e65569 JIMIR Hum Factors 2025 | vol. 12 | e65569 | p.141
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Factors That Have an I nfluence on the Understanding

Regression analyses identified severa predictors of
comprehension: (1) in minors, lower scores were associated

Fons-Martinez et d

scores were linked to previous trial participation and lower
education levels, particularly in Romania (Table 8); and (3) for
adults, higher scores were observed among women, members
of Generation X, Spanish participants, those with higher

with being male, aged 13, non-Spanish, and having prior clinical
trial participation (Table 7); (2) among pregnant women, lower

Table. Association between adapted QulC? part A and covariates: minors.

education, and those without prior trial participation (Table 9).

Variables Univariable model, B coefficient (95% Cl); P Multivariable model, B coefficient (95% Cl); P
value value

Gender

Boy N/AP N/A

Girl 0.32 (0.18 to 0.47); <.001 0.36 (0.22 to 0.50); <.001

Age

12 yearsold N/A N/A

13 yearsold -0.17 (-0.32 to -0.02); .02 -0.20 (-0.34 to -0.06); .006

Which country do you live in?/Previous participation in aclinical trial

Spain/No

Spain/Yes
Romania/No
Romania/Yes

United Kingdom/No
United Kingdom/Yes

N/A
-0.52 (~0.95 to -0.10); .01
-0.18 (-0.38t0 0.01); .06
-1.71 (-2.40 to -1.03); <.001
-0.25 (-0.42 t0 -0.08); .004
-1.37 (~2.05 to -0.69); <.001

N/A
~0.46 (~0.87 to -0.04); .03
~0.26 (~0.45 to -0.07); .009
-1.77 (-2.43 to -1.10); <.001
-0.29 (-0.45 t0 -0.12); .001
-1.34 (-2.01 to -0.67); <.001

3QuIC: Quality of the Informed Consent questionnaire.

BN/A: not applicable.

Table. Association between adapted QulC? part A and covariates: pregnant women.

Variables Univariable model, 3 coefficient (95% Cl); P Multivariable model,  coefficient (95% CI); P
value value

Generation

Millennials N/AP N/A

Generation X 0.25 (-0.09 t0 0.59); .15 0.21 (-0.12 t0 0.54); .22

Previous participation in aclinical trial
No

Yes

Which country do you live in? (Educational level)

Spain (none compl eted/primary school/high
school)

Spain (university or higher education)

United Kingdom (none compl eted/primary
school/high school)

United Kingdom (university or higher education)

Romania (none completed/primary school/high
school)

Romania (university or higher education)

N/A
-0.71 (~1.00 to -0.41); <.001

N/A

0.06 (-0.26 t0 0.38); .72
-0.16 (-0.69 to 0.38); .56

-0.03 (-0.38 t0 0.32); .86
-1.15 (-1.81 to -0.49); .001

0.12 (-0.26 to 0.50); .53

N/A
—-0.68 (~0.97 to —0.39); <.001

N/A

0.03 (-0.28 t0 0.34); .87
-0.26 (-0.78 t0 0.26); .33

-0.02 (-0.36 t0 0.32); .91
-1.05 (-1.69 to -0.41); .001

0.20 (-0.17 to 0.56); .30

3QuIC: Quality of the Informed Consent questionnaire.

BN/A: not applicable.
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Table. Association between adapted QuIC? part A and covariates: adults.

Fons-Martinez et d

Factors Univariable model, B coefficient (95% Cl); P Multivariable model, B coefficient (95% Cl); P
value value

Gender

Male N/AP N/A

Female 0.18 (0.04 10 0.31); .01 0.16 (0.03 t0 0.29); .02

Generation

Millennials N/A N/A

Generation X 0.25 (0.12 t0 0.38); <.001 0.26 (0.12 to 0.39); <.001

Which country do you live in?

Spain

United Kingdom

Romania

Educational level

None completed/primary school/high school
University or higher education

Previous participation in aclinical trial

No

Yes

N/A
-0.19 (-0.34 to -0.04); .02
-0.27 (-0.45 to -0.09); .003

N/A
0.15 (0 to 0.30); .04

N/A
-0.58 (~0.84 to —0.33); <.001

N/A
-0.27 (-0.43 to -0.11); .001
-0.25 (-0.43 to -0.07); .005

N/A
0.22 (0.07 t0 0.38); .004

N/A
-0.47 (-0.73 to -0.21); <.001

3QuIC: Quality of the Informed Consent questionnaire.

BN/A: not applicable.

Materials cocreated in Spain were effective across all countries,

although comprehension was generally higher in the original

target population. Lower educational levels in Romania were

associated with reduced comprehension.

https://humanfactors.jmir.org/2025/1/e65569
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Subj ective Comprehension (Part B)
Comprehension Outcomes by Population Group

Thiswas measured using a 5-point Likert scale ranging from 1
(“l did not understand anything”) to 5 (“I understood
everything”), and a final score was calculated. Subjective
comprehension was high across al groups, with mean scores
exceeding 85 out of 100 (Table 10).
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Table. Mean scores and SDs by study case (adapted QuIC? part B).

Study case Minors, mean (SD) Pregnant women, mean (SD) Adults, mean (SD)
B1 4.31(0.81) 4.56 (0.72) 4.60(0.72)
B2 4.68 (0.66) 4.73 (0.62) 4.81(0.53)
B3 4.38(0.87) 4,50 (0.82) 4,50 (0.83)
B4 4.42 (0.79) 4,57 (0.70) 4.50 (0.79)
B5 4.49 (0.79) 4.44.(0.90) 4.42 (0.85)
B6 4.16 (0.98) 4.35 (0.81) 4.54(0.78)
B7 4.39(0.78) 4.33(0.86) 4.43(0.83)
B8 4.07 (1.07) 4.29 (0.91) 4.47 (0.84)
B9 454 (0.72) 4.58(0.67) 4.61(0.70)
B10 4.66 (0.66) 4.51(0.72) 4.46 (0.86)
B11 N/AP 4.51 (0.81) 457 (0.75)
B12 N/A 4.77 (0.54) 4.76 (0.58)
B13 N/A 4.56 (0.63) 4.56 (0.65)
Total score (QuIC part B) 85.2 (14.1) 87.9 (13.7) 88.9 (13.2)

3QuIC: Quality of the Informed Consent questionnaire.
BNI/A: not applicable.

. . of participantsin al groups (minors, 604/620, 97.4%; pregnant
Preferences and Satisfaction women, 303/312, 97.1%; and adults, 804/825, 97.5%) reporting

Minors and pregnant women preferred video, while adults  that the materials were easy to understand and helpful (Table
favored text (Table 11). Satisfaction was high, with over 90%  12).

Table. Preferred information formats by target population.

How would you prefer to be given  Minors (n=620), n (%) Pregnant women (n=312), n (%) Adults (n=825), n (%)
theinformation if you wereto partic-

ipatein aclinica tria? (You may

choose various answers)

Written text on paper

No 438 (70.6) 166 (53.2) 373(45.2)

Yes 182 (29.4) 146 (46.8) 452 (54.8)

Web

No 385 (62.1) 210 (67.3) 397 (48.1)

Yes 235 (37.9) 102 (32.7) 428 (51.9)

Video

No 238 (38.4) 160 (51.3) 586 (71.0)

Yes 382 (61.6) 152 (48.7) 239(29.0)

To be told by someone in charge of the trial

No 488 (78.7) 213 (68.3) 457 (55.4)

Yes 132 (21.3) 99 (31.7) 368 (44.6)
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Table. Satisfaction and perceived difficulty of information by the target population.

Question Minors (n=620), n (%)

Pregnant (n=312), n (%) Adults (n=825), n (%)

What is your overall satisfaction with the information you have read/seen?

Not at all satisfied/not happy at a1 16 (2.6) 9(29) 21(25)
Satisfied/happy® 358 (57.7) 188 (60.3) 466 (56.5)
Very satisfied/very happy® 246 (39.7) 115 (36.9) 338 (41.0)
Has the information you have read/seen helped you to understand the clinical trial?

No 16 (2.6) 5(1.6) 8(1.0)
Somewhat/a bit? 98 (15.8) 17 (5.4) 40 (4.8)
Yes 506 (81.6) 290 (92.9) 777 (94.2)
What is your impression of the information you have read/seen in terms of understanding?

Very difficult 9(15) 6(1.9) 7(0.8)
Difficult 44.(7.2) 23(7.4) 64 (7.8)
Easy 410 (66.1) 201 (64.4) 526 (63.8)
Very easy 157 (25.3) 82 (26.3) 228 (27.6)
Have you felt the need to ask questions about the clinical trial to the medical professional who appeared in the video/informational materials?
No N/AP 189 (60.6) 604 (73.2)
Yes N/A 123 (39.4) 221 (26.8)

Aording used in the minor’s survey.
BN/A: not applicable.

Discussion

Principal Findings

This exploratory, cross-sectional study provides preliminary
evidence that elC materials developed according to the
i-CONSENT guidelines may be associated with high levels of
comprehension and sati sfaction among minors, pregnant women,
and adults in 3 European countries. Objective comprehension
scores (part A) exceeded 80% in al groups, and subjective
comprehension (part B) was similarly high. However, a
discrepancy was observed between subjective and objective
understanding, consistent with previous research using
QuIC-based tools [6,12-16]. This suggests that self-perceived
understanding may not always reflect actual comprehension,
underscoring the importance of ongoing assessment and targeted
improvements in consent materials.

Minors exhibited greater variability in comprehension scores,
with a higher proportion of both high (=90%) and low (<70%)
results compared with other groups. Thisfinding highlightsthe
challenges in tailoring materials for younger populations and
suggeststhat additional support may be needed to facilitate their
understanding. Certain domains, such as randomization and
placebo concepts, remained difficult to understand for al groups,
consistent with prior studies[1,14,17].

Notably, some survey questions yielded poor comprehension
rates, particularly those requiring a “disagree” response or
containing negative phrasing, consi stent with findings from the
original QuIC questionnaire [5]. Negatively worded items are
known to increase cognitive load and reduce response accuracy

https://humanfactors.jmir.org/2025/1/e65569

[18]. Although these questions aimed to assess understanding
of critical concepts such as randomization and placebo, their
structure may have contributed to the observed difficulties. In
the case of minors, the questionnaire was cocreated with children
to ensure suitability [4], making it difficult to determine whether
the phrasing of the questions or the complexity of the concepts
was the primary factor influencing comprehension.

Formats designed using alayered approach allowed participants
to engage with content according to their needs and preferences,
which may have contributed to the overall high satisfaction and
comprehension rates. Format preferences varied by popul ation:
minors and pregnant women tended to prefer video, while adults
favored written text. Thesefindings are consistent with previous
research suggesting that offering multiple formats can
accommodate diverse learning styles and improve engagement
[19,20]. The separation of information delivery from discussion
with the investigator was reinforced, aligning with literature
indicating that combining both methods—especially when
accompanied by extended discussion—can further enhance
understanding [21].

Satisfaction with the material s was high across all groups, with
1604 out of 1757 (91.29%) participants rating the materials as
easy or very easy to understand, and fewer than 3% (46/1757,
2.62%) expressing dissatisfaction. These results suggest that
the cocreation process, which actively involved representatives
from each target population, contributed to the devel opment of
user-friendly materials tailored to diverse needs [3,4,19]. The
integration of multimedia tools, including layered content
presentation and interactive features, likely supported
engagement and comprehension [19], although the impact of
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these features on actual decision-making remains to be further
explored. Itisasoimportant to consider the potential limitations
of digital resources, particularly for populations with limited
access to technology or low digital literacy, as these factors
could influence both comprehension and satisfaction outcomes
[22,23].

Comparison With Previous Work

Theresultsof thisexploratory study are consistent with previous
research indicating that structured, multimodal information
materials can enhance participant comprehension and
satisfactionin the | C process. Compared with the original QuIC
study by Joffe et a [5], which reported a mean objective score
of 77.8, our study achieved higher mean scores acrossall target
populations (ranging from 82 to 84.8), while subjective
comprehension scores remained similar (mean 85.2 - 88.9).
Thissuggeststhat the application of thei-CONSENT guidelines,
particularly the use of layered and cocreated materials, may
contribute to improved understanding without inflating
self-perceived comprehension.

The layered approach and the inclusion of multiple formats
(text, video, infographics) align with recommendations from
the i-CONSENT guidelines and recent systematic reviews,
which highlight the importance of tailoring information to
participant needs and preferences to address health literacy
barriers and support informed decision-making [3,4,19]. Our
findings reinforce the value of cocreation, as actively involving
representatives from the target population in the development
of materials has been shown to increase rel evance, accessibility,
and user satisfaction [4]. Thisisconsistent withthei-CONSENT
project's emphasis on participatory design and the
RAND/UCLA (University of California, Los Angeles) expert
consensus, which identified cocreation and alayered approach
as key strategies for improving IC [3].

Demographic factors such as gender, age, and education were
significant predictors of comprehension, consistent with previous
literature. Women consistently achieved higher comprehension
scores than men, atrend also observed by Raich et al [24] and
Tam et a [1]. Agerelated differences were apparent: older
adults generaly outperformed younger adults, in line with
findings by Klima et a [25] and Tam et a [1]. By contrast,
among minors, older participants scored lower than their
younger peers, suggesting that factors such as motivation or
engagement may influence comprehension in this subgroup and
warrant further investigation [26].

A notable and unexpected finding was the negative association
between prior clinical trial participation and comprehension.
While some previous studies have suggested that experiencein
clinical trials enhances understanding [22,25], our results
indicate that returning participants may overlook critical
information due to perceived familiarity, potentially leading to
overconfidence and knowledge gaps. Given therelatively small
proportion of prior participants in our sample (adults, 60/825,
7.3%; pregnant women, 49/312, 15.7%; and minors, 33/620,
5.3%), this trend should be interpreted with caution. Future
research should explore whether repeated exposure to trial
materials influences learning patterns or whether targeted

https://humanfactors.jmir.org/2025/1/e65569
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interventions can address overconfidence in
participants.

returning

Socioeconomic and cultural factors also played a role in
comprehension outcomes. Higher education attainment was
associated with better understanding, as reported in previous
studies[1,16,22,27], yet participants with lower education still
achieved reasonable scores, suggesting that the design of the
materials may have mitigated some barriers related to health
literacy. Comprehension remained high (>80%) in translated
materials, consistent with Addissie et al [22], indicating that
cocreated material s devel oped in one country can be effectively
utilized in others. However, the observed differences in
comprehension between Spain and other countries suggest that
further adaptation to local linguistic and cultural contexts may
be beneficial to optimize understanding across al populations.

Format preferences aso influenced comprehension. The
preferencefor video formats among minorsand pregnant women
aligns with Gesualdo et al [19], while adults' preference for
text-based material sis consistent with health literacy principles
described by Lorenzen et al [28]. These findings underscorethe
importance of offering multiple formatsto accommodate diverse
learning styles and ensure accessibility for all participants.

Strengths and Limitations

Overview

This section presentsthe main strengths that support the validity
and applicability of the findings, as well as the limitations that
should be taken into account to interpret the results and guide
future research.

Strengths

One of the key strengths of this study isits multinational design,
which evaluated elC materials across 3 distinct cultural
contexts—Spain, the United Kingdom, and Romania. This
approach enhances the external validity of the findings and
demonstrates the potential applicability of the i-CONSENT
guidelines in diverse settings. The large sample size (1757
participants) and theinclusion of 3 target popul ations—minors,
pregnant women, and adults—allowed for robust subgroup
analyses and increased the generalizability of the results.

The cocreation process, which actively involved representatives
from each target population, is another notable strength. This
participatory methodology ensured that the materials were
tailored to real-world needs and preferences, likely contributing
to the high satisfaction and comprehension rates observed [3].
The use of multiple content formats (layered web content,
videos, printable documents, and infographics) provided
participants with flexibility in how they accessed information,
accommaodating different learning stylesand potentially reducing
barriers related to health literacy [19].

The study also benefited from the use of adapted versions of
the QuIC questionnaire, which enabled a comprehensive
assessment of both objective and subjective understanding. This
dual assessment helped identify specific comprehension
challenges, allowing for targeted recommendations for
improvement [5]. For minors, the survey was codevel oped with
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children, further enhancing its relevance and appropriateness
for this group [4].

Limitations

Severa limitations should be considered when interpreting these
findings. First, the study used a cross-sectional design without
a control group, which limits the ability to attribute observed
outcomes directly to the i-CONSENT guidelines.

Second, the materialstested represent only 3 specific examples
of elC products developed according to the i-CONSENT
guidelines. While these materials were tailored to the needs of
minors, pregnant women, and adults, they do not encompass
the full range of possible designs or clinical contexts.
Additionally, participant engagement with specific formatswas
not monitored, so the impact of each format on comprehension
could not be directly assessed.

Third, recruitment was conducted primarily online due to
COVID-19 restrictions, which may have excluded individuals
with limited digital access or lower digital literacy. Although
printable documents were offered as an aternative format to
mitigate this limitation, the sample may not fully represent
populations with the greatest barriers to digital participation.

Fourth, while professional translators prepared the English and
Romanian versions of the materials, end-user validation of
translations was not performed. Although the translations were
reviewed by native speakers within the consortium, the lack of
direct feedback from target users may have affected
comprehension, particularly in non-Spanish populations. Prior
studies have highlighted that lower education levels can
negatively impact comprehension of |C materials[22], and this
effect has been particularly noted among Romanian parti cipants
[23].

Finally, the proportion of participants with prior clinical trial
experience was relatively small, which may limit the
interpretation of findings related to this subgroup. The
exploratory nature of the study and the specific sample
characteristics further limit the generalizability of the results.

Future Directions

Building on the exploratory findings of this study, severa
avenues for future research are warranted to further advance
the development and implementation of 1C materials tailored
to diverse populations.

First, additional research should investigate the underlying
causes of the polarized comprehension scores among minors
and the negative association between prior clinica trial
participation and understanding. Qualitative studies or
mixed-method approaches could hel p elucidate whether factors
such as motivation, engagement, or overconfidence contribute
to these trends. I nterventions designed to address these factors,
such as interactive modules, adaptive content, or targeted
reminders, should be evaluated for their effectiveness in
improving comprehension, particularly among returning
participants.

Second, the impact of multimedia formats on comprehension
and satisfaction meritsfurther exploration. While video content
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was preferred by minors and pregnant women, its overall
effectivenessin improving comprehension remainsunclear [19].
Future studies could apply experimental designs, user
engagement analytics, or eye-tracking methodol ogies to assess
how participants interact with various formats and which
features most effectively support comprehension and retention.
Additionally, the role of specific multimedia elements, such as
animations or interactive elements, should be systematically
evaluated.

Third, the generalizability of cocreated material s across broader
cultural and linguistic contexts requires further validation.
Although this study demonstrated that materials cocreated in
one country can be applied in others, local adaptation and
end-user validation may be necessary to optimize
comprehension, especially in populationswith lower educational
attainment or limited health literacy. Comparative studies across
additional countries and languages, as well as research on the
impact of different translation and adaptation strategies, would
provide valuable insights.

Finally, longitudinal research is needed to assess whether
improved comprehension at the time of consent translates into
better retention of information and more informed
decision-making over the course of clinical trial participation.
Such studies could also explore the long-term effects of digital
consent tools on participant engagement, satisfaction, and trust
in research.

Conclusions

Thisexploratory study provides preliminary evidence supporting
the effectiveness of elC materials developed according to the
i-CONSENT guidelines in enhancing comprehension and
satisfaction among diverse populations. Across 3
countries—Spain, the United Kingdom, and Romania—and 3
target groups—minors, pregnant women, and adults—objective
comprehension scores consistently exceeded 80%, while
subjective comprehension and sati sfaction rates surpassed 90%.
These findings highlight the potential of cocreated, multimodal
consent materials to address diverse participant needs and
preferences.

Demographic factors such as gender, age, and educational
attainment significantly influenced comprehension outcomes.
Women consistently outperformed men, and older adults
achieved higher scores than younger ones. However, the
negative association between prior clinical trial participation
and comprehension underscoresthe need for targeted strategies
to engage returning participants and address potential
overconfidence or reduced attention to consent materials. These
findings call for further investigation into how prior experience
shapes participant behavior during the IC process.

The study also demonstrated that materials cocreated in one
cultural context can be effectively applied in others, provided
that cultural and linguistic adaptations are carefully
implemented. However, differences in comprehension scores
between countries suggest that additional localization efforts
may further optimize outcomes. Format preferences varied
across populations, reinforcing the importance of offering
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multiple formats to accommodate different learning styles and
align with cognitive needs.

While these results are promising, they should be interpreted
with caution due to the study’s cross-sectional design and
exploratory nature. The absence of acontrol group limits causal
inference, and the findings may not be generalizable beyond
the specific populations and settings studied. Future research
should employ longitudinal designs to assess comprehension
retention over time and explore whether improved understanding

Fons-Martinez et d

trandlates into more informed decision-making throughout
clinical trial participation.

These results highlight the potential of user-centered design
principles, such as cocreation, multimodal delivery, and cultural
adaptation, to improve IC processes in clinical research. The
present findings provide a foundation for further development
and validation of digital consent tools across broader populations
and contexts. Continued efforts to refine these approaches will
be essential to ensuring that 1C processes remain inclusive,

effective, and responsive to participant needs.
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Abstract

Background: A significant cause of postpartum hemorrhage (PPH) is access to and delivery of maternal health care services.
Several multisectoral strategies have been deployed to address the challenges with little success, thereby necessitating the use of
human-centered design (HCD) to enhance health care delivery, particularly in PPH management.

Objective: Thisstudy aimsto develop facility-level solutions for optimizing uterotonic supply chain systems and health service
delivery in PPH management through an HCD approach in selected Nigerian states.

Methods: The research used a four-phase HCD methodology: (1) co-research, (2) co-design, (3) co-refinement, and (4)
implementation. However, this paper focused on the first 3 phases. In the co-research phase, 203 interviews were conducted,
involving 80 pregnant women and nursing mothers, 97 health care workers, and 26 key stakeholders. Additionally, 33 siteswere
observed across a 3-level continuum of care. Interviews and focus group discussions revealed insights into the distribution of
health workers and observed PPH cases, alongside knowledge and administration of uterotonics. Data analysis was carried out
using three key steps: (1) identifying key themes from the collected data, (2) devel oping insight statements that encapsul ate these
themes, and (3) trandating each insight statement into actionable design opportunities.

Results: About 150 ideaswere produced and trandlated into 12 solution prototypesin the co-design phase. Progressive refinement
following feedback from 140 stakehol dersled to the selection of three final solutions: (1) implementing areferral linkage system
to improve the transportation of pregnant women to nearby health facilities, (2) increasing demand for antenatal care services
among pregnant women and their families, and (3) delivering a comprehensive uterotonic logistics management program for
streamlined uterotonic storage and management.

Conclusions: This approach aligns with global health trends advocating for HCD integration in health care programming and
aims to empower local champions to drive sustainable improvements in maternal health outcomes. Judicious implementation of
the developed prototypes across the states can strengthen clinical care and potentially reduce maternal health service delivery
gaps.

(IMIR Hum Factors 2025;12:€58577) doi:10.2196/58577

KEYWORDS

human-centered design; postpartum hemorrhage; maternal health; health care services; maternal; health care; service; postpartum;
facility; uteratonic; supply chain; Nigeria; interview; focus group; pregnant; female; health care workers; stakeholder; participatory;
prevention; treatment; hospital setting; community
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Introduction

Maternal mortality occurs dueto complicationsthat arise during
and after pregnancy and childbirth. The major complications
responsible for most maternal deaths include postpartum
hemorrhage (PPH), postpartum infections, pre-eclampsia and
eclampsia, complications during delivery, and unsafe abortion

(1.

Globally, PPH ismost pronounced in low-income countries[2],
inflicting suffering on women and their familiesand also causing
astrain on local and national health systems. Generally, PPH
varies among regions, largely due to demographic and
socioeconomic factors such as age, race, and social status, with
low-income countries having a 12% higher occurrence[3]. One
of themajor driversislimited accessto timely, safe, and quality
maternal care, which results in inequalities in maternal health
services globally. Following a systematic review, 24.5% of
maternal deaths in sub-Saharan Africa were attributed to PPH
[4]. Over the past two decades, substantial efforts have been
madeto improve maternal carein sub-Saharan Africa, resulting
in a 40% reduction in maternal mortality [5]. However, there
are still significant challenges, such as substandard care, poor
management skills, lack of knowledge, and delaysin transferring
women to the next level of care [6].

In Nigeria, PPH is the leading cause of maternal mortality,
responsiblefor at least 21% of maternal deaths[7]. The country
also bears a significant burden of maternal deaths, with 28.5%
(82,000) of global maternal deaths occurring there annually [8].
Roughly 31% of female deaths in Nigeria are attributed to
maternal causes, and in 2018, the country recorded a maternal
mortality ratio of 512 maternal deaths per 100,000 live births
[9]. Some factors contributing to this sad reality include poor
access to essential medicines, including uterotonics for PPH
management, and inadequate health care providers [10]. To
addressthisthreat, timely dissemination of information, primary
preventive measures, comprehensive antenatal care (ANC), and
strong political commitment are essential [3]. The key liesin
proactive prevention, underscoring the need to analyze PPH
comprehensively to devel op effective mitigation and treatment
strategies. Although several interventions have been carried out
to prevent PPH, such as assessing coverage, acceptability, and
feasibility of a comprehensive program [11-14], these
interventions were health facility-centered and overlooked the
broader ecosystem of care. Therefore, it was imperative to
introduce the human-centered design (HCD), a collaborative
method to enhance clinical care and bridge gaps in maternal
health services delivery. This method involves not only health
care providers but also other actors integral to providing and
receiving care, including policy makers and patients [15,16].

The HCD approach has been applied successfully in global
health programming, offering a human-centered approach to
entrenched issues [15]. One example is the Support Sisters

https://humanfactors.jmir.org/2025/1/e58577
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Intervention in the United States, a community-based
peer-support intervention to help Medicaid-insured pregnant
women access services and appointments [16]. In light of the
global successes of using HCDs, its application to address
service delivery complexities associated with maternal health
carein Nigeria became imperative.

Hence, this study aimed to describe the use of HCD as an
approach to develop facility-level solutions for optimizing
uterotonic supply chain systems and health service delivery in
managing PPH in selected Nigerian states.

Methods

Study Design and Setting

This study was designed as participatory research using the
HCD through co-research, co-design, and co-refinement phases
involving desk reviews, interviews, brainstorming, and rapid
prototyping. The aim wasto identify and develop facility-level
solutions to strengthen the appropriate use of uterotonics for
PPH prevention and treatment, reduce gaps in maternal health
services, and drive improvements in uterotonic use for PPH
prevention and treatment in Kano, Lagos, and Niger states in
Nigeria through the development and integration of solutions
to achieve a safe pre- and post-childbirth delivery experience
for women in Nigeria.

This study was guided by the principle that the quality of PPH
care spansthe entire lifecycle of the uterotonic administration,
beginning from production to proper usage within the hospital
setting. It recognizes that people play a pivota role at every
stage of this process and emphasizes the importance of
understanding the system to facilitate necessary improvements
for better outcomes.

HCD Approach

The data collection and synthesis involved incorporating the
principles of HCD. This is a user-inclusive approach that has
been adopted to address and proffer customized solutions to
complex challenges that impact the public health space, aswell
assuit the beneficiaries of the solutions[16]. It entailsamindset
that startswith the people for whom theintervention is designed
and ends with new solutions that are tailor-made to suit their
needs. This approach disrupts traditional methods where
researchers, health care providers, and administrators design
new care models based solely on studies and expert opinions,
instead integrating health care users perspectives across all
stages of the process [17-19].

The HCD process used in this study included co-research,
co-design, and co-refinement phases (Table 1). Each of these
phases enabled the discovery and an understanding of the
problem and allowed us to co-create and test the developed
solutions using iterative processes (Figure 1).
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Table. The study's HCD® phases, approaches, and rationale.

Tijani et a

HCD phases Participatory approach

Rationale or comment

Co-research Desk reviews, interviews, and site observations
Co-design Brainstorming and alignment
Co-refinement Rapid prototyping and

discarding, and refining)

Co-implementation Not part of the study

Understand the PPHP landscape in the states,
frame research questions, design the data collec-
tion tools, and collect data

Promote creativity, ideageneration, and collabo-
rative problem-solving

streamlining (redoing, Generate tangible resultsiteratively through

early feedback and revision of solutions

Recommendations were made to the states on
the need to implement the devel oped prototypes

8HCD: human-centered design.
bppH; postpartum hemorrhage.

Figure 1. The study’s human-centered design framework.
Our Approach

6. Ideation

3. Findings
and
insights

2. Data

collection

4. Problems
and
challenges

CO-RESEARCH

In this phase, we gather existing
knowledge related to the project
area of work and identify gaps in
our current understanding. We then
conduct exploratory research with
mixed methods fo collect
quantitative and qualitative data

Here, we analyze the qualitative
and quantitative data to generate
insights and define the problem.
The main goal of this phase is to
transform the research into
opportunities for impact and to
build a platform for ideation

Co-Research Phase: Under standing the User Needs,
Goals and Contexts, and Tool Design (Phase 1)

The co-research phase was conducted across the 3 program
states—Kano, Lagos, and Niger—from May 24 to October 24,
2022. It kick-started the HCD process and involved identifying
the knowledge gaps around maternal mortality due to PPH
through desk reviews to (1) understand the current status of
PPH in Kano, Niger, and Lagos states; (2) frame research
guestions; and (3) design the data collection. The insights
gleaned from this phase were subsequently trandated into
opportunities for impact.

Co-Design Phase: Designing, Piloting, and Testing
(Phase 2)

The co-design phase was conducted acrossthe 3 program states
from November 7, 2022, to January 10, 2023. The co-design
phase aimed at transforming insights that wereidentified during
the co-research phase into new and more structured ideas via
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5. How
might we

Solution

and pilot

Prototypes

IMPLEMENTATION

in this phase, the solution is ready
to go lize and to the market. An
implementation plan will then be
developed to roll out the solution

During this phase, we engage
important stakehoiders to
brainstorm concepts into robust
strategies to address the selected
challenges. We also build and test
prototypes with out stakeholders
using evaluative research methods

the brainstorming process, which encouraged the championsto
think expansively.

Co-Refinement Phase: Refining the Prototypes (Phase
3

The co-refinement phase took about 1 month to achieve between
January 2 and February 23, 2023. During the co-refinement
phase, each of the context-based solutionswas validated through
rapid prototyping.

Data Collection

In the co-research phase, 58 champions were trained in data
collection across these 3 states. Training on proper interviewing
technigues and mock sessions were held across the states. This
enabled the government stakeholders from the program State
Ministries of Health and the State Primary Health Care Boards,
assigned as HCD champions, to review existing knowledge,
identify gaps, and define the research methodology needed to
deepen understanding of the problem.
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The methodol ogy for data collection was selected based on the
timeframe, understanding of the local context, and resources
available. The following exploratory methods were selected:
(1) sitevisit observation (live-birth observation); (2) interviews
with key informants (government officials); and (3) one-on-one
interviews with pregnant women, health care providers (ie,
nurses, midwives, doctors, and other health professionals),
traditional birth attendants (TBAs), or hedth facility
representatives (ie, facility in-charges and administrators).

The data collection tools were developed based on identified
gaps from the landscape review and to answer the research
guestion on these core areas: facility profile, knowledge and
information on the use of uterotonics, the types and challenges
regarding uterotonic use, facility equipment, and uterotonic
availability.

Three unique tools were developed to solicit responses from
the participants: (1) an observatory tool for the site visit (health
facilities); (2) key informant interview guides; and (3) survey
tools for health care providers, TBAs, and pregnant women.
Thesetoolsdiffered for each group, ensuring the questionswere
tailored to their various contexts.

A 3-day workshop was organized in each of the 3 program states
to gather the data collected from the field activities. This
workshop focused on identifying the knowledge gaps gathered,
having a clear and robust understanding of the challengesto be
addressed, as well as generating insights to be trandlated into
areas for opportunities.

Data Analysis: Synthesisand I ntervention
Development

The data collected (site visit observation, interviews with key
government informants, and one-on-one interviews with
pregnant women, health care providers, TBAS, or health facility
representatives) were analyzed using a descriptive analysis
method to constructively summarize data points.

Dataanalysisfollowed three stepsin accordance with the HCD
methodology: (1) identifying key themes from the collected
data, (2) developing “insight statements” that encapsulate these
themes, and (3) trandating each insight statement into actionable
“design opportunities’ [16,20]. The synthesis and actionability
of the findings from the co-research phase were carried out in
the co-design and co-refinement phases.

The co-design phase featured a 2-day workshop in the program
states where the HCD champions collectively brainstormed

Tijani et a

over 60 unique ideas from individual concepts and bundled
them into 12 distinct robust prototypes of substance that were
best suited to address the challenge. In the co-refinement phase,
the solutions (prototypes) were tested with the intended users,
and their feedback was integrated. This involved redoing,
discarding, and refining the solutions based on a rich
understanding of the context, and many potential points of
failure that have been uncovered and resolved. Following the
testing and feedback activity, the most viable solution was
selected, onefor each state, and a plan of action was created for
implementation on a larger scale. These co-design and
co-refinement processes were iterative to ensure the most
appropriate models were achieved.

Ethical Consider ations

The study was carried out between May 24, 2022, and February
23, 2023, and was conducted in strict compliance with the
ethical standardsoutlined in the Helsinki Declaration, ensuring
thewell-being of the participants. These standards encompassed
obtaining informed consent, guaranteeing confidentiality, and
safeguarding participants’ rights. Prior to commencement, the
research received its ethical approval from the National Health
Research Ethics Committee of Nigeria (NHREC) under the
approval number NHREC/01/01/2007-15/03/2022 on March
15, 2022.

Results

Participant Groups

In total, 203 interviews were conducted among 97 health care
providers, TBAs, and CHIPS (Community Health Influencers,
Promotersand Services) Programme agents; 80 pregnant women
or nursing mothers; and 26 government officials, with
observations conducted at 33 sites across a 3-level continuum
of care. Table 2 presents the participant distribution across the
states.

The findings were classified based on the 3 HCD phases used
in this research. Following the analysis of the data collected in
the field during the co-research phase, the strong findings were
subsequently categorized under common themes according to
the different participant groups as described in Table 2. The
findings were further synthesized into insights that were
translated into opportunity areas for impact in the co-research
phase.

Table. Distribution of study participants interviewed during the co-research phase.

State Site observation (n=33), n  Doctors, nurses or mid- Pregnant women or nursing  Government officialsinter-
wives TBAS? and CHIPS? Mmothersinterviewed (n=80), viewed (n=26), n
agentsinterviewed (n=97), N
n

Kano State 12 33 28 8

Niger State 11 35 26 10

Lagos State 10 29 26 8

3TBAs: traditional birth attendants.

bCHIPS: Community Health Influencers, Promoters and Services Programme.
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Co-Research: Understanding the User Needs, Goals
and Contexts, and Tool Design

All of the activities in the co-research phase ensured a robust
and clear understanding of the challenge to be addressed. The
key insights from the co-creation phase across the 3 program
statesincluded the challengesfaced by pregnant womeninrural
areas concerning affordability, accessibility, and awareness of
health care services; health care workers' strong commitment
to maternal health despite issues with service efficiency and
working conditions; observations indicating inadequacies in
equipment and space management within health care facilities;
and key informants expressing concerns about the current health
care system’s ability to deiver adequate maternal care,
emphasizing the need for ongoing improvements in service
delivery and coordination.

Co-Design: Designing, Piloting, and Testing
The workshop focused on finding solutions to the challenges
from the findings from the co-research phase. These solutions

aimed to provideimprovementsin clinical care and appropriate
use of uterotonics for PPH management and treatment.

Figure 2. Stages of the co-refinement phase.

Tijani et a

During the co-design session, ideas and concepts were
synthesized, reviewed, and narrowed down to a set of concepts
that could be developed for testing. The main components of
this phase were framing the design challenge, generating “ how
might we” questions to proffer solutions to the identified
challenge area, brainstorming ideas, creating appropriate
storyboards for promising solutions, and conducting rapid
prototyping sessions. In this phase, over 100 different ideas
were submitted by champions acrossthe various statesto resolve
the identified challenge statement.

Co-Refinement: Refining the Prototypes

The co-refinement phase comprised 2 stages to contextualize
the prototypes developed from the co-creation phase (Figure
2). In the first stage, 12 initial prototypes were carefully
evaluated for their suitability to address the state-specific issues
and narrowed down to 5 prototypes with the most promising
qualities. These 5 prototypes underwent further evaluation in
the second co-refinement stage to produce 3 prototypes, onefor
each state, that best addressed the specific issues related to
optimizing uterotonic supply chain systems and health service
delivery in managing PPH.

00

.y oX
v y

12 prototypes from 5 prototypes selected 3 viable solutions
the co-design following participant selected; one solution
phase feedback per sfate

First stage of co-refinement

Prototype Profile 1

Challenge Statement 1: How Might We I ncrease the
Storage of Uterotonic Drugsin the Health Facilitiesin
Kano State?

The Uterotonics Logistics Management Program is an
integrative program that aims to include uterotonics in the
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Second stage of co-refinement

general supply chain and storage for routine vaccinationswithin
the state (Figure 3). This program aims to create an advocacy
strategy by creating an alliance within the State Ministry of
Health to include uterotonicsinto the integrative supply list for
routine immunization.
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Figure 3. Fowchart of the Uterotonics Logistics Management System. HCW: health care worker; HF: health facility; ISS: integrated supportive
supervision; PHCB: Primary Health Care Board; PPH: postpartum hemorrhage; SMOH: State Ministry of Health.
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Challenge Statement 2: How Might We Improve
Care-Seeking Behavior for Handling PPH Cases Among
Women of Childbearing Agein Kano State?

The need to increase the level of awareness about PPH in Kano
State is high, particularly due to women'’s preference for home
delivery (Figure 4), adecision that is highly influenced by their
spouses. Hence, women of childbearing age may tend to demand
health services like ANC following reinforcement from their
husbands. The Kan-App program has three core elements for
improving care-seeking behavior among women of childbearing

age in Kano: (1) health care workers will be able to send
reminders to husbands about the ANC visit schedules of their
wives, for unmarried women or single mothers, the app will
send reminders to their close relatives;, (2) distribution of
maternity blankets designed with key information on PPH and
why women should attend ANC sessions, highlighting therole
of the community in identifying the danger signs of pregnancy
and the safety of facility-based delivery; and (3) radio programs
to educate women on the dangerous signs of pregnancy and
delivery.

Figure4. Kan-App for theincrease in the demand for antenatal care services among pregnant women and their families, particularly their spouses.
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Prototype Profile 2

Challenge Statement 1. How Might We I mprove the
Transportation and Referral Linkage for the Primary
Health Care Facilities?

The community-based transport system is a simplified
intervention designed to leverage the aready existing network
of Keke Napep drivers, Yellow Cab drivers, or the National
Union of Road Transport Workers (NURTW), as well as the
local security agencies in Lagos State (Figure 5). The State
Primary Heath Care Board in conjunction with the State
Ministry of Health will develop a memorandum of
understanding with the NURTW, Keke Napep, and the security
agencies. A database of drivers will be developed for the 20

Tijani et a

local government areas in Lagos State, and drivers will be
informed of the MoU (memorandum of understanding) and the
program, allowing them to volunteer their services and provide
their contact details. Each primary health care (PHC) facility
would be furnished with alist of driversand emergency contacts,
which will be shared with pregnant women as well as TBAS
nearby. TBAs can use the drivers to refer women to PHC
facilities. The key elements of the program include (1)
pre-established communication between the health facilities,
drivers, and security agencies; (2) a database of the drivers and
unique communication lines; (3) unique terrain and level of
care specific to hard-to-reach areas and gridlock areas (Keke
Napep and Yellow Cabs); and (4) selection (volunteer),
remuneration, and recognition of the drivers.

Figure5. Community transport system app for improving the transportation and referral linkage for the primary health care facilities.
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Prototype Profile 3

Challenge Statement 1. How Might We I ncrease the
Storage of Uterotonic Drugsin the Health Facilitiesin
Niger State?

The Niger State Primary Health Care Development Agency
(NSPHCDA) Mobile and Electronic Application Platform
(Kampe Mom) is an open-source web-based application that
visualizes the equipment needs of PHC facilities within the
state. This platform will be open to government actors
(ministries, departments, and agencies), philanthropists, and
organizations who are willing to contribute toward purchasing
equipment for PHC facilities based on identified needs (Figure
6). The equipment will be displayed based on the order of
priority and needs of the PHC facility at the time. In addition,
therewould be key events such as charity walks and fundraising
events to create awareness of PPH and safe motherhood and
generate fundsthat will feed into the purchase of this equipment
for the PHC facilities.

https://humanfactors.jmir.org/2025/1/e58577
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The elements of the solution include the following:

» Registration of 1400 PHC facilities in Niger State on the
platform. These PHC facilities will be disaggregated by
location, accessibility, patient in-flow, etc.

«  Equipment needed in al 25 local government areaswill be
captured on the platform and open to philanthropists, key
decision-makers, legidators, community-based
organizations, civil society organizations, women groups,
etc.

«  Charity walk can be placed on the platform for fundraising.

«  Create awareness once a year on May 22, which is the
world's safe motherhood day. Progress updates will be
provided on programs about maternal and child health.

« The target audience will be pregnant women, fathers,
families, policy makers, community and religious leaders
and gatekeepers, TBAS/CHIPS agents, other community
volunteers, community-based organizations, civil society
organizations, etc.
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Figure 6. Kampe Mom app for increasing the storage of uterotonic drugs in the health facilitiesin Niger State.
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Discussion

HCD Process and Outcomes

While much of the globa effort has focused on a health
system—strengthening approach to reducing pregnancy-related
deathsin low- and middle-income countries[21,22], lessenergy
has been focused on solutions that take into consideration the
major challenges mothers go through during pregnancy, so as
to develop a client-centered solution that effectively addresses
their needs. This research was aimed at proffering solutions to
develop context-specific solutions to enhance service delivery
for postpartum care in Lagos, Kano, and Niger states using
HCD.

In the co-discovery phase, the study was able to uncover critical
challenges faced by both pregnant women and health care
workersin rural settings, with a focus on maternal health care
access and service delivery. Pregnant women primarily struggle
with affordability, accessibility, and awareness. Many of these
women are housewives in rural areas, with limited financial
resources and logistical difficulties in accessing health care
facilities [23]. These findings are consistent with existing
literature, which highlights that rural women often face
significant socioeconomic barriers, including poverty,
transportation challenges, and limited access to health care
services [24-26].

Health care workers, on the other hand, are very committed to
improving maternal health but face challenges resulting from
gaps in care levels between primary and secondary facilities.
The strain is particularly evident in facilities with high client
volumes and limited human resources [27,28], underscoring
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the need for better support systems for health care providersin
these settings. There were also issues of inadequate health care
infrastructure, such as insufficient storage systems and
overcrowded delivery wards, which could compromise the
quality of care provided during critical momentslike prolonged
labor [28,29]. There is also the issue of the service delivery
system, which requires continuous strengthening to meet the
needs of these vulnerable populations. Addressing these issues
will require a multifaceted approach, which should include a
better system for managing the human resource problems,
improved health communication strategy, demand generation,
and enhanced coordination of care to ensure that both health
careworkers and pregnant women receive the support they need
to achieve better health outcomes [11].

In thisresearch, the co-design phase was aimed at synthesizing
relevant questionsto create potential solutionsfor theidentified
problems affecting the appropriate use of uterotonics and PPH
care, particularly in resource-limited settings. This process
highlighted the importance of involving the intended usersin
the HCD co-design process to ensure that the developed
solutions are tailored to the specific contexts and challenges
identified [30,31]. For instance, the HCD co-design phase was
used to devel op health solutions to enhance the comfort, health
outcomes, and overall satisfaction and experience of patients
[16,32].

More than 100 questions and ideas gathered from the initial
co-research phase were ideated in brainstorming sessions to
identify the 12 most feasible prototypes. These solutions were
narrowed down by selecting the questionsthat most exhaustively
discussed the challenges with service delivery for PPH care,
suited the contexts in each state, and considered the most
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frequently occurring challenges and issues. This was done to
ensure the final prioritized questions would generate solutions
that would incite the most impact in each state. The
brainstorming approach to co-design was used to further foster
creative thinking and ideation, as well as generate
comprehensive, user-centric solutions[16,33]. The 12 prototypes
were further refined to select the most fitting solutions for the
3 states.

The implementation of brainstorming sessionsin the co-design
phase aided the co-refinement of the 12 prototypes. The
collaborative relationships built during this session fostered the
iteration and feedback process, ensuring that the prototypes
selected aligned with the needs of the users and were actionable
and sustainable[33,34]. The 12 prototypeswere narrowed down
to 3 final solutions, which were selected based on their
operationalizability (how well they worked), feasibility (how
possibleit isto implement), and specificity (how they matched
each state’s unique challenges).

Challenges Faced and L essons L earned

Stakeholder Engagement

The project team had to put mechanismsin placeto consistently
check in and follow up with stakeholders on aligned timelines
to ensurethetimely execution of activities. Moreover, additional
meeting time was allocated with stakeholders for the review of
data and findings to generate insights for further validation.

Technical Execution

Priority and preference were given to hybrid engagements or
blended delivery to ensure that the entire process was
worthwhile and all planned activities were completed in record
time. Due to the emergence of the COVID-19 pandemic, the
development of an engagement protocol for physical sessions
had to be developed in accordance with globally accepted
guidelines.

Teamwork

It became apparent that the sharing of lessons learned was
instrumental to team bonding and fostered synergy within the
team. The project leveraged the expertise and strengths within
the consortium in cases where such was necessary.

Program Management

During the course of the project, appropriate and real-time
communication channels and structures had to be put in place
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for the effective passage of information across partners and
stakeholders.

Schedule Conflict

Some of the champions were involved in other programs that
wererunning simultaneously asthe HCD co-research workshop.
This necessitated the modification of the workshop agendas to
suit the needs and time demands of the participants. Going
forward, the scheduling process should be improved to enable
more champions to attend the workshop.

Conclusion

The study has successfully applied HCD to develop unique
solutions capable of strengthening clinical care, reducing gaps
in the delivery of maternal heath services, and driving
improvementsin the use of uterotonicsfor PPH prevention and
treatment using statements generated from the co-research and
co-design phases. The study objective of developing
facility-level solutions for optimizing uterotonic supply chain
systems and health service delivery in PPH management was
achieved through the creation of solutions that were able to
increase the demand for ANC services among pregnant women
and their families, particularly their spouses, improvethe storage
and supply of uterotonics, and generate equitable distribution
and improved capacity of health care workers to handle PPH.
Although the designed solutions do not address al the issues
raised, their implementation can strengthen an evidence-based
approach to maternal and child health services and, in turn,
improve PPH management. This implementation phase will
involve deploying the uptake building of the solutions and
documentation outcomes, building a comprehensive picture of
the entire process, and identifying potential points for
intervention.

Study Limitations

First, this study was conducted in only 3 states within Nigeria,
indicating that the developed solutions may not be applicable
in other regions with different cultural, socioeconomic, and
health care contexts. Second, it focused on proffering solutions
to improve uterotonic supply chain systems and health service
delivery in PPH management, overlooking other critical aspects
like cultural and religious beliefs, aswell asthe quality of care.
Third, the short timeframe of the study and the lack of
implementation mean that the long-term outcomes or
effectiveness of the solutions were not captured.
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Data Availability

The datasets generated and analyzed for this study are available in the Harvard Dataverse repository [35]. The data are publicly
available and can be reused under the terms specified in the repository and the publishing journal’s data use policy.
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Abstract

Background: Problem anger is common after experiencing trauma and is under-recognized relative to other posttraumatic
mental health issues. Previous research has shown that digital mental health tools have significant potential to support individuals
with problem anger after trauma.

Objective: The objective of this study was to describe the co-design and development of a just-in-time adaptive intervention
(JTAI) targeting problem anger in individuals who have experienced trauma.

Methods: We used a participatory design process following the double-diamond framework. Phase 1 involved one-on-one
qualitative interviews with trauma-exposed individuals with problem anger (n=10). Using an inductive approach (interpretative
phenomenological analysis), we thematically coded interview data to create design principles for this population and generate
potential content for the intervention. Phase 2 involved academic and clinical experts in trauma and experts in digital health
reviewing the Phase 1 results and an evidence-based cognitive behavioral approach to treating anger. We then created intervention
content and prototypes, which we then took to workshops with all participants for feedback, using group discussions and ratings
of desirability and feasibility.

Results: From Phase 1, core considerations for a J TAI included look and feel preferences, self-led and personalized support
and content, and different support needed for each anger stage. A JTAI was developed with the following components: (1)
personalized schedul es and content onboarding; (2) psychoeducation about problem anger; (3) crisis support; (4) mood monitoring
viaanger check-ins; (5) self-led and personalized circuit breakers; (6) cognitive-behavioral based skills; (7) and adigital Coach
embedded in the app. Some suggested features, such as social networking and sharing data with loved ones, were not pursued
due to feasibility reasons relating to participant safety or technical costs.

Conclusions: The resulting JITAI, termed “Shift;” is the first digital mental health tool designed with end users to manage
anger after trauma.

(JMIR Hum Factors 2025;12:€62960) doi:10.2196/62960

KEYWORDS

co-design; just-in-time adaptive intervention; mental health; anger; trauma; design; tool; digital tool; post-traumatic; mental
health; participatory design; development; user; support; feedback; mood; monitoring; manage

: male military and first responder populations [1,2], as well as
Introduction women who have experienced trauma [3]. While cognitive
Problem anger, defined as anger occurring a an intensity, Pehavioral therapy (CBT)-based treaiments can be effective,
frequency, and duration that negatively impacts an individual Fhere are difficulties engaging |nd|V|duaIs_vy|th pr(_)blem anger
and their relationships, isone of the most common posttraumatic  I" treatment due to impacts of hostility, misirust, and
mental health issues, and is highly prevalent in predominately interpersonal conflicts on therapeutic relationships [4]. Mental
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health practitioners commonly report feeling more drained,
more therapeutic ruptures, and providing shorter treatmentsin
response to antagonistic client presentations, resulting in worse
outcomes [5].

Advancements in digital mental health tools may provide
nontraditional treatment options for problem anger [6]. As an
emotion, anger is unique because it manifests as primarily
externally-focused, in that an external agent often activates
anger, such as how other people have behaved in a hurtful,
disrespectful, or otherwise anger-triggering way [7].
Accordingly, interventionsthat increaseinternal focusarelikely
to support greater self-awareness to offset focus on
anger-provoking events. Early efforts in this area used digital
technologies such as smartphones and wearables to record
physiological data, monitor symptoms, and support practicing
of CBT-based skillsasan adjunct to traditional CBT, and while
effective in reducing anger symptoms, did not have additive
effects beyond standard psychological treatment [8]. Recent
research using wearables and regular mood monitoring delivered
via smartphone have shown promise [9]. Despite the potential,
there are many challenges to the development of innovative
digital mental health tools for anger. First, the overwhelming
majority of research into digital mental health tools hasfocused
on depression and anxiety, and the foundation for building
anger-focused digital solutionsislimited and nonspecific [10].
Second, digital mental health tools more broadly face significant
challenges around uptake and usage [11]. Modest engagement
with digital mental health apps is due to a variety of reasons
including that may include a lack of user involvement in the
design, aswell aslack of tailoring to suit the timesan individual
most needs support [12]. As such, digital mental health tools
that are designed alongside users and support real-world
moments of high need may be beneficial.

JTAI are 1 type of new digital health approach that may
overcome challenges associated with low engagement by
providing the right information at the right time [13]. JTAIs
deliver intervention content that are adapted to an individual’s
context, such as the level and type of support matched to an
individual’s current emotional state [14]. Efforts to develop
such interventions in physical activity [15], depression [16],
substance use [17], and adolescent mental health [18] have
shown promise in improving affect, cognition, and behavior. A
JTAI includes 6 key elements, namely a dista outcome,
proximal outcomes, decision points, intervention options,
tailoring variables, and decision rules. While research has
established that digital mental health tools for problem anger
are feasible, much remains unknown about how to design a
JITAI for this population, and more empirical work including
data-driven approaches to designing JTAI is needed [14,17].
The aim of this study was to understand the tailoring variables
and co-design the intervention options of a JTAI with
individuals who have experienced trauma and problem anger,
alongside expertsin digital and mental health, by understanding:

1. What isthe preferred language, visual features, and content
of adigital mental health tool to help individuals manage
their problem anger?

2. When do individuals need support to manage their anger
differently?

https://humanfactors.jmir.org/2025/1/€62960
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3. Taking the findings from above, and combining them with
evidence-based CBT-approaches, what is acceptable and
feasible content for a J TAI for problem anger?

Methods

Overview

This study had 2 phases, following the double diamond
framework (ie, discover, define, develop, and deliver) [19]
which is user-centered and well validated in digital health tool
research [20]. Phase 1 involved qualitative interviews with
individuals with problem anger after trauma (termed “ experts
by experience”) to understand their experiences with digital
mental health tools and treatment for anger, their “ pain points”
regarding day-to-day management of their anger, and views
about essential content, features, and functionality components
of smartphone-delivered interventionsfor problem anger. Phase
2 involved co-design workshops with a mixture of experts by
experience, and experts by profession, which included digital
health experts, trauma researchers, and clinical psychologists
to converge on core components of a prototype JITAI, using
CBT for anger after trauma principles [21]. Both phases were
conducted in line with trauma-informed research principles
outlined in therecent Traumaand Resilience Informed Research
Principles and Practice (TRIRPP) Framework [22], which aims
to improve participation in research by individuals who have
experienced traumaand to avoid retraumatization of participants.
Specifically, our study involved actively minimizing
retraumatization by structuring interview guides so that
participants do not have to discuss their trauma, framing the
research process asrelational, addressing power imbal ances by
having twice the number of experts by experience than experts
by profession, and making available women-identifying groups
only for the group sessions, recognizing many women
experience trauma as a result of gendered violence. We also
made availableindividual co-design workshopsfor participants
who did not want to engage in group work for any reason.

Phase 1

Participants

A total of 10 experts by experience (5 out of 10 were women;
aged 19 - 49 years old) with a history of trauma exposure and
problem anger were invited to participate via the researchers
database, which contained a list of individuals who had
participated in previous trauma and anger—related research at
the University of Melbourne. Participants needed to meet the
criteria for problem anger and have reported experiencing a
traumatic event previoudly, beresiding in Australia, have access
to Zoom, be over the age of 18 years, and be fluent in English.
All participants had sought help for their mental health
previously, and 4 had received a diagnosis of posttraumatic
stress disorder. One individual identified as living with a
disability. In addition, 8 participants had previously tried apps
to support their mental health. All participants verbally
consented to participatein the qualitativeinterviews. Datawere
collected virtually via Zoom (Zoom Communications) using
audio-video recordings across August-September 2023 by author
OM using asemistructured interview guide and interviewslasted
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approximately 45 minutes. Interview guides were developed
by the research team after reviewing the literature around
problem anger experiences, and digital mental health tools.
Interview guides are in Multimedia Appendix 1.

Analyses

Qualitative interview data were transcribed verbatim from
audio-video recordings. Data were analyzed using NVivo
(Lumivero) and using an inductive approach (interpretive
phenomenological analysis) by 2 independent coderswho were
part of the research team, to allow identification of themes about
the experiences of problem anger treatments, and views and
preferences about content, features, and functionality of the
JTAI [23]. Each coder read the transcripts, coded the insights,
and clustered the codesinto themes. Coders discussed consensus
at theinsightsand themes stage to reach convergence. No formal
inter-rater reliability was conducted.

Phase 2

Participants

All participants from Phase 1 were invited to attend Phase 2
and agreed to participate. In addition, 6 experts by profession
(ie, clinicians and researchers in problem anger and digital
health) were invited to participate. This number was determined
to balance the power dynamics between expert types and to
ensure experts by experience were not outnumbered in
workshops. Expertsby profession wereidentified by the research
team based on their expertise in the field of anger, trauma, or
digital health and invited directly. Datawere collected virtually
across October 2023. Focus group sizes varied between 4 - 6
individuals per group and lasted approximately 90 minutes and
were conducted via Zoom. Phase 2 were not audio-recorded.

Analyses

The themes from Phase 1 were reviewed by the research team
alongside the content from an evidence-based CBT manual
developed by one of the authors (DF) for managing anger after
trauma [21] to distill into a range of possible content features
that could hel p users manage their anger. These content features,
aswell as 3 different aesthetics styles devel oped by the digital
health experts after reviewing the Phase 1 data, were then taken
to Phase 2 workshopsin the form of low fidelity prototypesfor
discussion about content to keep, alter, or remove [24], with
the goal of converging on afina prototype. The app title, and
the stages of anger was also the focus of the workshops, interms
of converging on aconsensusfor how to represent them. Finally,
the workshop participants charted components of the possible
prototype on a 2 by 2 feasibility (low to high) and desirability
(low to high) matrix. Workshop discussions were captured as
detailed written notes by the facilitator [OM] and another
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member of the research team who was observing, and comments
typed into the Zoom chat function from participants within each
of the workshops relating to suggestions to keep, alter, or
remove aspects of content, and the charting results of feasibility
and acceptability.

Ethical Consider ations

Thisstudy was approved by the University of Melbourne Human
Research  Ethics  Committee  (Approval number:
2023-26108-39829-4). Written informed consent was obtained
for the study. Experts by experience were reimbursed for their
time in the form of a voucher ($96.06; AUD $1 = US $1.56)
for Phase 1 and 2, while experts by profession were not.

Results

Phase 1

The results from the individual interviews revealed several
themes, listed in Table 1, relating to preferencesfor aJITAI for
anger. First, participants described wanting an app that wasfree,
with no ads, and easy to use. Second, severa themes relating
to design principles were identified. These included the “L ook
& Feel,” which detailed specific preferences for the language
and imagery used in the app. Experts by experience felt that
many mental health apps overused theword “ calm” and imagery
with strong meditation and wellness themes, as well as being
too directive, using terms such as* should” and “need” to direct
users. As aresult, they felt that many mental health apps were
condescending and irritating, and worsened anger when used
for self-management. The theme “ Strengths-based” described
preferences of experts by experience for an app that felt
supportive and addressed the guilt and shame they felt about
their anger. Experts by experience reflected wanting digital
mental health toolsthat feel like acompanion: “atrusted mate”
Under the theme of “Personalized, there was divergence
regarding the types of content individuals wanted, such as
military and first-responder-specific information explaining the
role of occupation in anger, the links between anger and
substance use, aswell as menstrual health. Strongly linked was
the theme " Self-led” which encompassed accounts of who
support should come from and how information should be
delivered, particularly during heightened states of anger. While
the voice of professional experts and lived experience was
valued, overwhelmingly, experts by experience conveyed that
the person they would listen to was themselves. Conversely,
some experts by experience conveyed how complex traumaleft
them uncertain about trusting their own voice, and thus they
would want information delivered to them by an avatar they
could create.
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Table. Design principles and desired intervention components from qualitative interviews with ten participants aged 19 - 49 years old with a history

of trauma and problem anger.

Themes

Example quote

Design principles
Free and no ads

Easy to use

Look & Feel

Strengths-based

Personalized

Self-led

Preferred features of an anger-focused app

Anger is experienced in distinct stages with different support needed
for each stage

Targeting cognition and behavioral aspects of anger

Leveraging physiological data

Complimenting current mental health treatments

Regular check ins

Add-ons

Social features with other users

Sharing data with loved ones

_a

The most annoying and triggering thing about using an app is when it
doesn’t do what you want it to do, or you're trying to do something, and
then you[ ‘re] hit with roadblocks. [Expert by Experience 1]

It would have to be written in a way that it comes from someone that isn't
condescending; that doesn’t make you angry reading it. [Expert by Expe-
rience 1]

It tells you to take three deep breaths when you log in on that [ mental
health app]. I'mlike, | don’t want to take three deep breaths. | can’t. When
| breathe, it makes me angry. [Expert by Experience 2]

I’m not going to use anything that is just focused on my anger. Like who
would want that, just some negative app going [ beep] ‘you are mad again’.
[laughs] praise me for stuff too. [Expert by Experience 2]

One option could be you could tick in the app, ‘these are the things that
really affect me and are related to my anger.! And for you, that might be
anxiety, it might not be pain or sleep. And then you could also perhaps
get support specifically around that. So you have a really personalized
kind of list. [Expert by Experience 1]

Don't tell me what to do straight up. [Expert by Experience 2]

| don’t want to listen to some expert, no offence. | don't read your text-
books, | don’t like studies, theses. | didn’t read them. [Expert by Experience

7]

‘1 to 10 for my anger- that doesn’t mean anything to me. It's out of con-
trol, or it’s not. [Expert by Experience 3]

| want [an app] that ... would recognize over time — okay, he needs an
aid, so | sort of guess he's feeling these sorts of things'. And then it would
give me something structured more for that for that level for me, rather
than just a generic one. [Expert by Experience 4]

Rumination is something I’ ve had to work really hard on, becauseit’'s
caused me a lot of problems recently...| like to say to myself, ‘it's done.
It'sfinished, you're safe, it's past. And | almost take it out of myself and
then put it down and say I’ mleaving it there. And it’s not going any further.
And then when | catch myself ruminating about it if | get home, | say no,
that’s outside of | haven’t brought that in I’ m not gonna let that come into
my calm area of home. [Expert by Experience 3]

I’ ve used a wearable and with the blood pressure and seeing the heartrate,
that's very intriguing. [Expert by Experience 6]

If | trusted [ a psychologist] and felt like things were progressing, [ an app]
would be something that | would seek out her opinion on. [Expert by Ex-
perience 7]

The process of a check-in and reflecting your anger [is] good, because |
never really do that. Like, | don’t think anyone does. | don’t think anyone
really sits there and reflects on how they're feeling or anything like that.
[Expert by Experience 5]

An app that could connect usall, so wedon't feel likewe' reall alone, that
we still got an identity, something that although we're doing the app by
ourselves, but gives us a feeling that we're not by ourselves. [Expert by
Experience 7]

| would like the app to send something to my husband saying I’ ve had a
shocking day, because then that way, he' Il be prepared before he comes
home. [Expert by Experience 3]
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Themes

Example quote

Parenting support

Thisis hard for me to admit, but my anger with my kidsis such a huge
trigger [pause interview due to distress]. Yeah, so anyway, things that
help me be a better mum. [Expert by Experience 8]

a__: not available.

In addition to these design features, several other themes
emerged in relation to a JTAI for anger. In identifying
opportunitiesto intervene, participants reported that their anger
is experienced in distinct stages, highlighting that for them,
anger is either increasing, or completely out of control, with
different support needed for each stage. Participants a so wanted
support in the form of "targeting cognition and behavioral
aspectsof anger” such as rumination and supporting interactions
with others when angry, "leveraging physiological data” to
detect their mood, an app that was “complimenting current
mental health trestments,” and “regular check ins” of their anger.

Phase 2

After reviewing Phase 1 results, the trauma experts selected
content from an anger-focused CBT-based manual [21] that
related to psychoeducation, managing rumination, circuit
breakers, cognitive reframing, managing physiological arousal,
and assertive communication. This potential content and
low-fidelity prototype design options were taken to co-design
workshops. The results from the co-design workshop included
convergence on the way anger stages should be represented,

https://humanfactors.jmir.org/2025/1/€62960

convergence on the look and feel of the app, convergence on
the CBT-based content, and discussions around the feasibility
of add-ons. While experts by profession discussed anger in
terms of Likert scales (ie, 1 to 10), the experts by experience
spoke about how “anger was experienced in stages,” with some
individuals likening this to a runaway train. The workshops
converged on the following stages of anger, shown in Figure
1: (1) “no anger,” (2) “frustrated” (ie, anger is till within an
individual’s control, and while heightened, the individual can
engagein cognitive, behavioral, or physiological activities), (3)
“out of control” (ie, the individual and/or others are not safe),
and (iv) “after acrash” (ie, anger at others has dissipated, and
feelings of shame, regret, guilt, anger at self, sadness, and
loneliness are high). In terms of content, all the recommended
CBT skills were considered feasible. While the add-ons such
as social networking and sharing data with loved ones was
highly desirable by experts by experience, they were rated low
in feasibility by the experts by profession, due to technical
challenges, cost, and the lack of information on how to protect
users safety, so were not included. Parenting support was
considered as out of scope for the first iteration of the app.
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Figure 1. Thetailoring variables of the “ Shift” just-in-time adaptive intervention in the form of anger stages.
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The results of both phases led to the development of a JITAI
named “Shift” (Figure 2 and Textbox 1), combines mood
monitoring (ie, 4 daily check-ins on anger stages, with ability
to check-in outside of these 4) with tailored CBT-based support
based on the stage of anger. When users check-in as“frustrated,”
6 CBT and arousal management skills, under the categories of
“Body, Mind, and Actions’ in (Textbox 1) are made available.
When users check-in as “out of control,” a personalized circuit

https://humanfactors.jmir.org/2025/1/€62960
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breaker preset by the user at the download of the app sends a
safe, supportive message, video, photo, image, or song to circuit
break the situation. And when users check-in as* after acrash,”
warm and emphatic audio messages from their “ Shift” Coach
are sent reassuring them that set-backs are normal in recovery
and reminding them to do some self-care to get back on track.
In addition to these JITAlI components are psychoeducation
content available on demand.
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Figure 2. Home screen and psychoeducation section of “ Shift.”
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Textbox 1. Content structure of the just-in-time adaptive intervention “ Shift.”

Onboarding:

«  Welcome and explanation that “ Shift” was created by people with lived experience.

o Set up personalized circuit breakers for when anger is out of control.

o Set-up notification schedule for check-ins.

»  Switch-off for unwanted information, such as a cohol-related information, menstrual health, and military and first responder.

«  Select from one of the 2 coaches, who isadigital voiceover that provides the audio for the app, the welcome message, and the messages provided
when an individual reports losing control of their anger.

Psychoeducation:

o Anger after trauma

«  Healthy versus unhealthy anger.

« Baselinearousa and how to reduce stress levels using progressive muscle rel axation.

o How anger islinked to military or first responder roles.

«  How menstrual health and anger might be connected.

. How diet, exercise, sleep, connection, and substance use is connected to overall well-being.

«  Rumination and how to stop it.

«  Assertive communication versus unhealthy communication styles.

M ood monitoring:

«  Four daily check-ins on anger stage (ie, no anger, escalating, out of control, and after a crash; Figure 1).

I ntervention components:

«  When users check-in as having no anger, they are prompted to either practice progressive muscle relaxation, or engage with the psychoeducation
components of “Shift”

«  When users check-in that their anger is escalating, they are prompted to practice a cognitive-behavioral-therapy—based skill that focuses on the
physiological aspect of anger (termed, “body”), the cognitive aspect of anger (termed “mind”), or their behavior when angry (termed “action”).
The “body” intervention components are isometric exercises, atargeted form of tension release designed specifically for discharging anger from
the body, and cyclic sighing, recognized as the simplest and most effective way to increase relaxation. The “mind” intervention components
target stopping anger rumination, and cognitive reframing for anger-provoking situations. The“action” intervention components provide assertive
communication skillsto use.

«  When users check-in that their anger is out of control, they receive one of their circuit breakers established at the onboarding of the app.

«  When users check-in that they have had an episode of anger, and behaved in a way they regret, (termed “after a crash™), a warm supportive
message and suggestions for self-care are provided by the app coach.

Crisis:

. Atany time, users can go into the app and receive tailored helpline information to support a crisis state.

is out of control. “Shift” is now developed because of these

Discussion

Principal Findings

The aim of this study was to co-design and develop aJITAI for
individuals who have experienced trauma and problem anger.
We engaged experts by experience and experts by profession
to establish design principles and content, as well as
opportunities to intervene, resulting in the JTAI “Shift”
Building on previous work that has used mood monitoring for
problem anger [2,9], “Shift” is a JTAI that leverages regular
check-inson anger state asthetail oring variableswith bite-sized,
digitally delivered CBT-based skills to manage lower levels of
anger, and a personalized, self-led circuit breaker for when anger
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RenderX

findings and a micro-randomized trial is being conducted.

From a design perspective, using individual interviews before
group workshops was valuable for managing trauma, sensitive
personal issues, and the feelings of shame that can accompany
problem anger in experts by experience, asit allowed individuals
to generate information about the intervention privately, but
then also benefit from sharing ideas in a group format. Other
methods within the workshop to improve the participant
experienceinclude not using digital toolsto collect data, which
can be frustrating or challenging to learn to navigate, and not
getting participants to actively criticize or provide feedback on
each other’s ideas. Although there is potential for more work
in this area, these findings speak to the importance of research
and development of digital menta heath tools being
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co-designed with potential end users. Emerging research is
showing that co-design is an important step to ensuring that
digital mental health tools are accessible, appropriate, and
effective [24]. Without end-user involvement, interventions
could miss the mark in terms of developing effective and
acceptabledigital health programs. Very little research has used
co-design in problem anger, or in the design of JTAI. Our
findings are consistent with a study that co-designed a JITAI
for children to limit sun exposure, in that both opportune times
tointervene, and the content and design of theintervention were
uncovered as aresult of co-design [25].

Several learnings from this study have significant implications
for design of digital mental health tools for understudied
populations and problem anger more broadly. First, our results
showed that individuals with problem anger often try digital
mental health tools focused on symptoms of anxiety and
depression and can find these anger-provoking. Second, while
previous research has established the value of lived experience
stories in digital mental heath tools for trauma-exposed
populations[26], our study found that individual swith problem
anger preferred a self-led approach rather than hearing others
stories. Third, our results shows that individuals with problem
anger have significant unmet needs in the aftermath of a high
anger episode. Finally, our results showed that digital mental
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health tools must balance a focus on changing pathological
thoughts, feelings, and behavior with providing warmth,
empathy, validation, and support, al of which are typically
provided via the therapeutic relationship in psychological
treatment and are at risk of being lost in digital approaches.
Important next steps are evaluating the components of “ Shift”
using methods such as a micro-randomized trial, followed by
arandomized controlled trial to validate efficacy.

Limitations

While the study had diversity in terms of gender, some
representation of disability, and a diversity of trauma
experiences, this study is limited by a sample that contained
English-speaking individuals only. In addition, the study only
collected qualitative data and work is needed to pilot the
intervention to determine acceptability and feasibility of the
intervention to individuals who have experienced trauma and
have problem anger. Finally, EMA-driven JITAls can become
burdensome for participants, and innovations in sensor-based
detection of mood states will likely advance “Shift” [27]. As
yet, preliminary work in detecting anger in this population from
wearables has found promising results that remain technically
challenging to deploy, and sensor-based JITAls in this space
warrant further investigation [28].
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JITAI: just-in-time adaptive intervention
NIMH: National Institute of Mental Health
TRIRP: Traumaand Resilience Informed Research Principles and Practice
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Abstract

Background: Accessto safe abortion care is a reproductive right for all individuals across Canada. Underserved populations
are overrepresented among those with unintended pregnancies and particularly those seeking abortion. Yet, few resources exist
to help health care and allied helping professionals provide culturally competent and gender-affirming abortion care to such a
population group.

Objective: This project aimed to redesign and adapt an existing subscription-based medication abortion mentorship platform
into a culturally appropriate and gender-affirming open-access website of curated health professional resources to promote
equitable, accessible, high-quality abortion care, particularly for underserved populations.

Methods: We drew on a user-centered design framework to redesign the web platform in 5 iterative phases. Health care and
allied helping professionals were engaged in each stage of the development process including the initial design of the platform,
curation of the resources, review of the content, and evaluation of the wireframes and the end product.

Results: This project resulted in an open-access bilingual (English and French) web-based platform containing comprehensive
information and resources on abortion care for health care providers (physicians, nurse practitioners, and pharmacists) and allied
helping professional s (midwives, medica officers, community workers, and socia workers). The website incorporated information
onclinical, logistical, and administrative guidance, including culturally competent and gender-affirming toolkits that could equip
health care professional s with the requisite knowledge to provide abortion care for underserved populations.

Conclusions: This platform contains resources that can increase the competencies of health care professionals to initiate and
sustain culturally and contextually appropriate abortion care for underserved groups while clarifying myths and misconceptions
that often militate against initiating abortion. Our resource also has the potential to support equitable access to high-quality
abortion care, particularly for those among underserved popul ations who may have the greatest unmet need for abortion services
yet face the greatest barriers to accessing care.

(IMIR Hum Factors 2025;12:e63364) doi:10.2196/63364

KEYWORDS

medication abortion; mifepristone; web-based platform; user-centered design; underserved populations; abortion; equitable;
accessibility; open-access website; gender-affirming; user-centered; Canada; unwanted pregnancy; framework

of women and pregnancy-capable people will have at least 1

Introduction abortion in their lifetime [2,3]. Medication abortion using

Access to abortion is a fundamental human right and acritical
component of sexual and reproductive health care [1]. Each
year, approximately 56 million abortions occur across the
globe—trandating to 35 abortions per 1000 women. In Canada,
nearly half (~40%) of pregnanciesare unplanned, and one-third

https://humanfactors.jmir.org/2025/1/e63364

mifepristoneistheinternational gold standard for first-trimester
medication abortions and currently accounts for over 50% of
all abortionsin most European countries and the United States.
Canada’s unique regulations allow nonphysician prescribersto
prescribe and dispense the medication and allow people without
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access to ultrasound to access medication abortion services.
Degpite the loosening of restrictions in Canada, timely access
to safe abortion services can be difficult for historically,
persistently, or systemically marginalized (HPSM) populations
including racialized groups, migrants, Indigenous people, people
with disabilities, homeless and underhoused people, sex workers,
two-spirit, lesbian, gay, bisexual, transgender, queer, intersex,
and gender-diverse (2SLGBTQI+) people, youths, and people
living in rural and remote areas [4,5]. For instance, Indigenous
peopl e in Canada experience more abortion access barriersthan
non-Indigenous Canadian people[6]. In addition, approximately
18% of peoplein Canada traveled more than 100 km to access
abortion services[7]. Whilemost cliniciansin Canadaindicated
providing abortion services to underserved populations, the
majority of them did not have the appropriate cultural training
to provide care to underserved popul ations. For instance, arecent
study suggests that most clinicians in Canada who provide
abortion services to underserved populations (91.2%) reported
not receiving any form of training for providing care to such
populations [8]. A lack of training or mentorship in culturally
safe and gender-affirming care would further exacerbate barriers
to accessing abortion services that already bedevil underserved
populations including Indigenous people [9,10].

To provide culturally safe and gender-affirming abortion
services, there is an urgent need to develop, evaluate, and
implement training and mentorship resources that will equip
health care professionalsin providing equitable abortion services
to underserved populationsin Canada. In this paper, we reported
on the processes we adopted in redesigning our
already-established web-based community of practice platform

https://humanfactors.jmir.org/2025/1/e63364
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into an open-access website. We also highlighted on the
considerations for developing a gender-affirming, culturally
appropriate, and inclusive web platform to support health
professionals in providing abortion to equity-deserving
populations. With the internet increasingly becoming a major
source of information on abortion [11], an open-access web
platform could not only help in disseminating evidence-based
abortion resourcesto all health care professionals but also help
in dispelling the myths and misconceptions that often fuel
abortion-related stigmas. Furthermore, an open-access web
platform could assist in countering abortion-related
misinformation or disinformation that is often targeted at health
professional s by antichoice groups.

Methods

Study Design

We used a mixed methods user-centered design approach in
developing the content and structure of the website [12]. In
compliance with the user-centered design process, we engaged
with the relevant stakeholders in Canada (health professional
associations and abortion advocacy organizations) in Siterative
design phases. Thefive phasesinclude (1) content creation and
review, (2) development of wireframes, (3) adaptation of
wireframes to end-user needs, (4) development of afunctional
product, and (5) user evauation. We adopted a user-centered
design process to emphasize the clinician-centeredness of the
website while revealing the knowledge gaps that need to be
addressed to create an inclusive web platform. Figure 1 shows
aschematic presentation of the website's devel opment process.
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Figure 1. A schematic depiction of the website development process.
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Ethical Considerations

Thisproject was approved by the University of British Columbia
Behavioral Research Ethics Board (approval H22-03342). All
participantswho took part in theinterviewswere provided with
CAD $150 (US $103.34) honoraria.

Phase 1: Content Creation and Review

Overview

The content creation phase comprised 2 stepsto ensure that the
content isup-to-date and reliable. These include (1) the content
curation process, in which we searched for resources that are
relevant to medication abortion, and (2) the content review
process.

Content Curation

We actively engaged with health professional associations,
health regulatory agencies, and sexual and reproductive health
advocacy organizations across Canadato curate rel evant content
for the website. To ensure high-quality, appropriate,
evidence-based materials specific to Canadian health care
professional s, we focused our content curation efforts on sources
within Canada as well as trusted and reliable international
evidence on medication abortion. The main sourcesfor curating
our content include the national health professiona organizations

https://humanfactors.jmir.org/2025/1/e63364
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(Society of Obstetricians and Gynaecologists of Canada,
Canadian Pharmacy Association, Canadian Association of
Midwives, and Canadian Association of Schools of Nursing)
and advocacy groups (Action Canada for Sexual Health and
Rights and National Abortion Federation) as well as our
already-established web-based community of practice platform
[13]. We examined relevant resources from a partner website
in Augtralia (the Australian Contraception and Abortion Primary
Care Practitioner Support Network) [14]. We limited our focus
to medication abortion to enhance relevance and usability for
clinicians looking to adopt, improve, and sustain the practice
of thisnewly available servicein Canada. After identifying the
data sources and establishing a working relationship with
stakeholders, we undertook focused data extraction from May
2023 to November 2023. The data extraction processyielded a
total of 308 documents detailing resources on medication
abortion. These were compiled into a Microsoft Excel sheet,
and 147 duplicateswereremoved. Following this, we conducted
an initial screening of the resources by examining the titles,
abstracts, headings, and subheadingsto determinetheir relevance
to medication abortion. To be eligible for inclusion, each
resource must be focused on medication abortion services
including clinical (guidelines, protocols, checklists, and
factsheets) and nonclinical services(financial, legal, and socid).
Since our objective wasto improve equitabl e accessto abortion
among underserved popul ations, medi cation abortion resources

JMIR Hum Factors 2025 | vol. 12 | e63364 | p.177
(page number not for citation purposes)


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

JMIR HUMAN FACTORS

focusing on Indigenous populations, racialized groups, and
gender minorities were included. Resources were excluded if
they were dated more than 20 years ago, not relevant to the
Canadian context, beyond the scope of medication abortion, or
not targeted to health care providers (ie, physicians, pharmacists,
social workers, and midwives). Most papers were not relevant
to the Canadian context because of the constant regulatory
changes regarding the prescription, dispensing, and use of
medication abortion in Canada since 2017 [15-17]. We aso
excluded resourcesthat were exclusively focused on procedural

https://humanfactors.jmir.org/2025/1/e63364
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abortion, contraception, or general reproductive health or
illnesses. Procedural abortion resourceswere excluded because
procedural abortion demands specialized training, and we
considered a web platform as an inappropriate training source
for those seeking to provide this skilled task. After screening
the resources against the inclusion and exclusion criteria, 124
resources were excluded, leaving us with 37 resources for a
detailed expert review. Figure 2 shows the data extraction and
review process.
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Figure 2. Resource extraction and screening process.
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Content Review

Even though the resources were extracted from credible sources,
medication abortion regulations and professional practice
guidelines in Canada have evolved over time, and with these
changes, some of the resources might have become outdated.
To ensure our website contains up-to-date resources and isin
linewith current practices, we engaged 10 health careand allied
helping professionals providing abortion servicesto review the
37 resourcesfor accuracy, currency, and relevancefor providing

https://humanfactors.jmir.org/2025/1/e63364
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medication abortion, particularly for equity-deserving
populations. These health care professional sinclude physicians,
nurse practitioners, pharmacists, and midwives. We asked each
health care professional to review each document and respond
to the following questions: (1) How do you think this resource
will be relevant or useful for you to initiate or strengthen your
medication abortion services and why? (2) Please indicate
specific partsthat you feel are most useful for your practice. (3)
Please indicate specific parts that you think are out of date, not
useful, or contradict your current practice.
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All reviewers provided their feedback within 1 month, and al
feedback was compiled into a single document. Following the
review, we then engaged 2 experts in abortion care (a family
physician and an obstetrician and gynecologist) to discuss and
reconcile any differences or contradictory comments by the
reviewers. The 2 expert reviewers resolved any differencesand
wrote a master document containing up-to-date resources on
current medication abortion practices. The master file was
organized into three main sections including (1) prescriber
resources (how medication abortion works, preabortion
medication eval uation, postabortion assessment, web-based and
hybrid care, physician billing information, regulations, and
inclusivity toolkit), (2) dispenser resources (coverage
information, patient communication guidelines, checklist for
dispensing abortion, and pre- and postabortion assessment), and
(3) supporting resources (patient counseling before and after

Figure 3. A screenshot of the wireframe.
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abortion and social worker support resources). This master
document was used to inform the content of the website.

Phase 2: Development of Wireframes

Using a web-based design tool known as Figma (Figma Inc),
we created wireframes of the website. A wireframe isavisual
guide that shows a skeletal framework of aweb interface [18].
The wireframe was designed to follow the format of the
resources on the master file. The framework depicted the page
layout and arrangement of content on the website including
interface elements, navigational features, the range of functions
to include, and the relative prioritization of content. This
wireframe was reviewed by 3 experts in abortion care, and
revisions were made regarding space alocation and content
prioritization for each of the resource sections outlined in the
master file. Following this review, the skeletal framework was
then populated with the content from the master file. Figure 3
shows the wireframe of the website.

The Contraception and Abortion Research Team (CART) welcomes you to

Community of Practice for Medication Abortion in Canada

Learn more

This website uses cookies to optimize your browsing experience.

Prescribing Dispensing

If you currently prescribe or intend to
prescribe medication abortion, please go
here here

Phase 3: Adapting the Wireframesto the Needs of
Under served Populations

After populating the skeletal framework with the revised content,
wethen conducted afocus group discussion with 14 health care
professionals who currently provide, or intend to provide,
medication abortion in Canada. The essence of the focus group
was to understand how the wireframe can be adapted to equip
health care professionalsto provideinclusive, gender-affirming,

https://humanfactors,jmir.org/2025/1/e63364
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and culturally safe abortions to underserved populations in
Canada. We aso wanted to identify potential areas for
improvement before moving on to developing a functioning
website.

Before the start of each focus group, we distributed a visual
layout of the website containing relevant content to all
participants. The participants were asked to review the visual
layouts ahead of the web-based meetings. During the focus
group discussions, participants were asked about (1) how the
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information on the wireframe could be adapted to support them
in providing evidence-based, culturally safe, and accessible
abortion services to HPSM populations and (2) any additional
features, functionalities, and considerations for ensuring
confidentiality, appropriateness, culturally affirmativeness, and
supportive resources for improving access and quality of
abortion seeking experience for HPSM popul ations.

Thefocusgroupswereled by author AFA, with assistance from
RC. Each session lasted approximately 1 hour, and the data
weretranscribed verbatim. The datafrom thisfocus group were
analyzed thematically, and the findings (reported under the
Results section) were used to modify the Figma designs before
moving on to developing a functional product. The findings
from the focus groups hel ped to minimize the design flaws and
reduce the possibilities for major changes once a product was
eventually developed.

Figure 4. The home page of the functional website.

. THE SOCIETY OF
OBSTETRICIANS AxD
GYNAECOLOGISTS

OF CANADA—

HOME PRESCRIBING

DISPENSING

Abdulai et al

Phase 4: Development of a Functional Website

After making changes to the Figma design, we engaged our
software engineers to trandate the Figma design into a
functioning website. To further explain the Figmadesign to the
development team, we wrote a Systems Requirements
Specification Document to further explain the Figmadesign to
the development team. This document included a breakdown
of the Figma designs into various components and specifying
each design feature as contained in the guide [19]. Figure 4
showstheinterface of the functional website. To make sure that
the functional product reflects the Figma design and meets the
knowledge needs of the end-user clinicians, the development
team sought ongoing feedback from our team as well as from
the health care professionals who reviewed the resources. We
held biweekly consultation meetings with the software
development team starting from August 2023 until we had a
functional website in February 2024. In compliance with the
user-centered design process, we evaluated the functional
website with end-user clinicians.

SUPPORTING ROLES FAQS ABOUT US Q FR EXIT

Medication Abortion in Canada

Practical guidance on medication abortion for healthcare and allied helping professionals.

Prescribing

Go here if you are physicians, nurse
practitioners, midwives or anybody

Phase 5: User Evaluation

We conducted a user evaluation of the website using a
think-aloud observation method with 26 hedth care
professionals across Canada. A think-aloud observation is a
user evaluation method, in which participants verbalize their
thought processes as they interact with a system [20]. The
purpose of the user evaluation was to determine the relevance
and usefulness of the website in providing abortion servicesto
equity-deserving and HSPM populations, understand the ease
of use of the website, detect any design flaws, and make final
changes before the websiteislaunched. During the think-aloud

https://humanfactors.jmir.org/2025/1/e63364

RenderX

Dispensing

Go here if you are pharmacists or
any other clinicians who are

Supporting

Go here if you are community
workers, social workers or

observation, we provided participants with 5 tasks related to
information retrieval on our website. As participants navigated
the website, they verbalized their thought processes by
commenting on aspects of thewebsitethat they found confusing,
difficult to navigate, or irrelevant to their purpose. The
think-aloud data were analyzed using simple content analysis.
The findings (reported under the Results section) were used to
revise the website.
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Results

Overview

In this section, we focus on the findings from the focus group
discussions of the wireframes as well as the user evaluation of
the functional website. Overall, the health professionals who
took part in the focus group discussions and the end-user
evaluation acknowledged that our web platform was an
important educational resource that would equip them with the
necessary knowledge to provide abortion care. They aso
provided recommendations on how this web-based platform
could be adapted to support themin providing inclusive abortion
care to underserved populations.

Findings From the Focus Group Discussion

Overview

The participants expressed their satisfaction with thelayout and
the content displayed on the wireframes. They indicated that
the various clinical guidelines, factsheets, and checklists on
medication abortion would help demystify the myths and
misconceptions associated with providing abortion. The
usefulness of the resources in demystifying abortion provision
was a very important feature considering participants
self-described limited understanding of medication abortion.
While acknowledging the importance and potential usefulness
of the wireframes, participants noted some limitations on the
interfaces of the wireframes and suggested ways in which they
could be adapted to improve the capacity of health care
professionals to provide abortion services to equity-deserving
and HPSM populations. These recommendations fell into 4
thematic areas.

Inclusive and Culturally Sensitive Content

Participants expressed the need for the website to contain
inclusive and culturaly sensitive language that has the least
chance of causing harm to underserved populations including
Indigenous, trans, and nonbinary people who seek abortion. To
enable health professionalsto provideinclusive abortion services
to trans people, the participants suggested that the website
should contain gender-neutral terms as well as handouts and
factsheets on abortion and postabortion care in multiple
languages. A physician who provides abortion stated:

A lot of my patients can speak English but there are
instances [where] | get patients that cannot speak
English properly. In such cases, it will be good to
have some resourcesin their languagethat | can give
out to them.
Some of them also suggested having a print-out function to
provide materials for patients who do not speak English. The
participants also expressed the need for low bandwidth
connectivity to enable health care providersin rural areas with
poor internet access to access resources.

I ndigenous and Gender-Diver se Resources

The participants also called for the inclusion of Indigenous and
2SL GBTQI+ resources on the website because they indicated
that one of the groups facing the most barriers to accessing
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health servicesincludes | ndigenous groupsand the 2SL GBTQI+
populations. This could be seen in one of the statements given
by one of the participants:

itisn't just about understanding the clinical guidelines
and factsheets. But we also need to understand the
other aspects of Indigenous cultural safety when
providing abortion to Indigenous patients like the
relationship between abortion care and legacies of
forced apprehension/the millennial scoop, information
on the knowledge and risk of reproductive coercion
(either for or against abortion) etc.

These callswere particularly made by participantswho provide
servicesto | ndigenous communities. Other participantsindicated
aneed for alearning hub or short courses on I ndigenous cultural
safety, gender-affirming, and traumainformed abortion
care—arguing that these additional knowledge sourceswill help
them to provide services to abortion seekers who experienced
historical and intergenerational traumas.

Providing Resources for Noninsured Clients

The participants also indicated how the website could be a
“one-stop shop” of information if they included information on
how to support noninsured clients. This recommendation was
made by a midwife who revealed the challenges of providing
abortion services for noninsured clients such as undocumented
migrants:

More than half of my clients were unhoused, or
street-involved or living in extreme poverty, or they
wererefugees, recently landed immigrants, or people
of color and trans communities. You know thereisa
significant intersection between such populationsand
those living in poverty so there needs to be some
resources around how to make sure that these
populations are also getting access to abortion
Services.

Protecting the Privacy of Website Users and Abortion
Seekers

The participants acknowledged the stigmatizing nature of
abortion and the need to protect people's privacy. Thus, they
suggested including a built-in exit button that would enable
users to immediately exit the website, particularly in public
places. They aso indicated the need for the website to contain
geol ocation features that can map out nearby abortion providers
and pharmacies outside of people’'s communities. One
participant stated:

| provide services in a local community, and some
don't feel comfortable seeking abortion servicesfrom
me because | may probably know them. When this
happens, it’sdifficult to refer because they won't even
come to you. So, it will be good to have a feature on
this platform where patients themselves can search
for nearby abortion providersthat they can approach
with comfort.

According to the participants, this will make visible nearby
abortion providers that could serve as aternative sources for
patients who may be reluctant to seek abortion services within
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their (particularly very small) communities due to privacy
concerns.

Findings From the User Evaluation

Overview

Iterative feedback from the focus group informed changes to
thewebsite, as participants serially identified gaps and problems
to be addressed before it was launched. Some hedlth care
professionals indicated that the functional website felt too
medical and was insufficiently focused on the social aspects of
abortion. They perceived our banner image on the home page
as overrepresenting physicians and not  sufficiently
acknowledging the role of midwives and supporting
professionals. They also made recommendations on how the
website could be adapted for navigability and to touch on the
stories of underserved populations. The recommendations from
the user evaluation fell into 3 thematic areas.

Portraying a Positive | mage of Abortion via Visual
Effects

Some hedlth care professionals commented that the initial
wireframes lacked a human touch and thus suggested adding
more vibrant and bright colors that reflect the identities of
diverse groups of health professionals and the diversity of
patients. Participants felt that such adaptations could portray
abortion as something that is considered normal for everyone
to seek, normal for every health professional to provide or
support, and to ensure the abortion-seeking experience is
positive.

maybe some colors will be nice because | feel that
when | am looking into abortion care, | just want to
takethis stigma away. So, having colorsthat are dark
for meislike you are doing something bad, right? So
maybe having some lighter colors and highlighting
on socio-cultural aspects of abortion would be hel pful.
Peopl e need to feel that abortionisnormal after going
through this website.

Connecting With Patients

Other health professionals explained that although the website
targets health care professionals, it is ultimately about caring
for people. They thus suggested that it would be great to have
images of health care providers taking care of patients from
diverse gender and racial backgrounds or better still include
images of patients having children to remove the myth that
people seeking abortion areirresponsible adults without children
or families. One participant stated:

Thiswebsiteisabout people getting care. So, we need
to see how so many people who have pregnancy
termination also have children already. So, it's not
just like the unwed single woman who wants to
terminate her pregnancy.

The participants also expressed the need for the website to help
health care professionals understand the patient populations
most likely to seek abortion services from them. This way, the
website would not only provide clinical information but also
help providers to connect with the patients’ stories.
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Making Compromises Between Being Comprehensive
and Practical

Many participants acknowledged the comprehensiveness of the
website and were confident that they would be able to find
relevant information should the need arise. They aso
acknowledged that being comprehensive might makethe website
a less suitable quick reference guide, particularly during
clinician-patient encounters. This concern could be achallenge
for high-volume providers and providers in rural and remote
areas. One midwife stated:

theinformation that I’ mseeingisactually really good.
It'sreally good information, and I’ mintrigued to read
more about what's in here. But [it's] too much. It
would be really good for like education and training,
but not when you have a patient in front of you.

While this theme was not specifically related to providing
abortion to underserved populations, it highlighted the busy
schedule of clinicians vis-a-vis looking for information in a
dense and cluttered web platform.

Discussion

Principal Findings

In this study, we report on the cocreation of an open-access
web-based abortion platform and highlight considerations for
promoting accessto abortion for underserved populations. This
study followed an intersectionality study we conducted with
end-user clinicians before embarking on the development of
the website [21]. Our study incorporated rigorous engagement
of end-user clinicians, and our user eval uation data demonstrated
an accessible, acceptable website that could better equip health
and alied hel ping professionalsto provide equitable, culturaly
safe, and gender-affirming resources to equity-deserving and
HSPM populations. It is important to note that many health
professionals in Canada, including nurse practitioners and
midwives, had not received any formal training on abortion as
part of their education, leading to limited knowledge and general
uncertaintiesin providing abortion [22]. Thelimited knowledge
may lead to some hesitation in providing abortion, particularly
for patients from underserved populations who present with
complex health challenges. We believe that this mentorship
platform will equip health professionals with the necessary
knowledgeto provide abortion to patientswho face intersecting
barriers to access services while aso enhancing timely
decision-making for health professionals in rura and remote
areas. For a time-sensitive procedure such as abortion,
expeditious decision-making is crucial to high-quality care for
women and pregnancy-capable people who request abortion
services.

In addition to information dissemination and helping with
decision-making, an open-access abortion web platform may
also serve to counter abortion-related misinformation and
disinformation that are often targeted at health care
professionals. Thisisimportant at atimewhen the proliferation
of disinformation, together with the stigma and belief-based
refusal to provide legal and appropriate abortion care, creates
interpersonal tensions that make it difficult for some health
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professionals to meet the reproductive needs of their patients
[23,24]. Hedth professionals may further be disadvantaged
when there are frequent changes in medication abortion
guidelines and regulations [17]. These changes, together with
the need for quality improvement, highlight the importance of
such a web-based platform for updating the competencies of
health care professionals who provide or intend to provide
abortion. Thisismorerelevant, asthereisan increasing call for
the timely integration of research evidence in routine clinical
practice [25].

Our findings suggest that adopting a user-centered design in
this project resulted in a platform that was largely considered
by potential end-user clinicians as inclusive. While engaging
stakeholdersfrom diverse clinicians and organi zationswas quite
challenging, we acknowledged that the process was essential
to fulfill the principles of user-centered design. Our team
believes that the active engagement of clinicians, health
professional organizations, and abortion advocacy groups in
cocresting thisweb-based platform enhanced the appropriateness
of the content while facilitating clinician recruitment,
dissemination, and subsequent uptake of the resource among
end-user health care professionals.

It is also important to note that few digital health projects are
designed from gender equity and Indigenous rights perspective
[26]. Inthe context of abortion-related websites, intersectionality
is particularly important, as it helps illuminate ways in which
the website could be tailored to the needs of the population
subgroups facing the most barriers in access to abortion
(racialized groups, migrants, people with disahilities, homeless
and underhoused people, sex workers, 2SL GBTQI+ people,
Indigenous people, and youths) [21,27]. Indeed, available
evidence suggeststhat such minority groups are overrepresented
among those with unintended pregnancies and particularly
among those seeking abortion [28-30]. Therefore, engaging
with a group of health professionals who serve diverse
populations in developing and evaluating our web platform
made the website unique, asit cedes all decisions on the content
and structure in the hands of the end-user clinicians who may
have first-hand experiencein providing servicesto underserved
populations. This approach to devel oping our website supports
the vision of “design justice” where the community owns the
design artifacts [31]. By cocreating with health care
professionals, we were able to generate website content that
illuminates ways health care professional s can provide abortion
servicesto underserved popul ationswho present with complex,
historical, and intersecting health challenges. This approach is
more likely tolead to aseamlesstrand ation of the web platform
into practice sincethe cliniciansand partner organizationswere
more or less coowners of the end product.

Creating web platforms that are inclusive of equity-deserving
and HSPM populations requires more than just technically
sophisticated algorithms but a deep understanding of users
needs and specific considerations that promote inequities in
access to heath care [32]. The inclusive design
recommendations from the participantsin this study were aimed
at equipping health care professional s with the necessary tools
to address inequitiesin access to abortion care. Theintegration
of low-bandwidth connectivity for instance would improve
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accessibility of the resources to health professionals in rural
and remote areas with low internet connectivity. Improved web
access could help improve abortion access in rural and remote
areas where medication abortion might be the only, or most
accessible, option [33]. Furthermore, the recommendation for
including geolocation services could help address
abortion-related stigma and provide better privacy for abortion
seekers in communities with conservative values around
abortion. Whilethe argument for geol ocation features was seen
as away of helping patients easily locate abortion providers
and pharmacists, some were concerned that geol ocation services
could be used by antichoice groupsto target abortion providers.
Additional security measures may be needed if geolocation
features are to be implemented on abortion-related web
platforms.

Limitations

Our study was not without limitations. Even though our
objective wasto design aweb platform that supports health care
professionals to provide equitable access to abortion for
underserved populations, we did not rigorously engage abortion
seekers the same way we engaged with clinicians. A future
improvement would be to engage the patients' voicesin resource
development to better reflect the peculiar needs of underserved
populations. Our ultimate goal for this website is to empower
health care professionals to provide equitable and inclusive
abortion to underserved populations. However, we cannot
ascertain if we have achieved that objective at thetime of writing
this paper. Future evaluation reports from users would tell us
if the resources provided in this platform are indeed useful in
providing abortion services to underserved populations.
Furthermore, the participants made several recommendations
in the focus group and the user evaluation that were not
implemented mainly dueto time and resource constraints. While
we acknowledge this as a limitation, it is not uncommon to see
such limitations in digital health projects, as it is practicaly
impossible to implement all findings from user evaluation
[34,35]. Finally, even though we planned to recruit health
professionals who identify as or have expertise in providing
abortion services to underserved populations (ie, racialized
people, migrants, people with disabilities, homeless and
underhoused people, sex workers, 2SLGBTQI+ people, and
youths aswell asthose living in or providing abortion services
in rural or remote areas), it was difficult to find health
professional swho identify as or hasexpertisein all thesediverse
populations. Therefore, some phases were completed without
adequate input from health professionals with expertise or
experience in providing abortion services to underserved
populations.

Conclusions

Drawing on a user-centered design approach, we cocreated a
gender-affirming and culturally appropriate open-access
mentorship platform with and for health care professionals to
support the equitable provision of abortion in Canada. We
believethat aplatform of this nature would increase medication
abortion awareness among health care professionals and
destigmatize abortion care while clarifying the myths and
misconceptions that often create tensions and foment general
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uncertainties in initiating and sustaining abortion care. With
underserved populations more likely to have unintended
pregnancies than the general population [36,37], awebsite that
specifically seeks to improve the competencies of health care
professionals in providing abortion services to this population
is important and timely. We believe that this platform has the
potential to enhance the knowledge and expertise of health care

Abdulai et al

professionals, particularly those in rural and remote areas on
how to initiate and sustain abortion care for HPSM populations
in Canada who face the most barriers in access to health
services. Thisplatformisalso expected to provide the necessary
resources needed to support health care professionals in
providing evidence-based and culturally safe medication
abortion for health care professionalsin rural and remote areas.
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Abstract

Background: Assessing the daily lives of older adults, including their activities, social interactions, and well-being is essential,
particularly in nursing homes, asit gainsinsightsinto their quality of life. Methods such as the Microsoft Excel-based M aastricht
Electronic Daily Life Observation (MEDL O) tool are time-consuming and reguire extensive manual input, making them difficult
to use.

Objective: Thisstudy aimed to develop an app-based version of the MEDL O using a user-centered design (UCD) and co-design
approach to enhance efficiency and usability. We looked to actively involve researchers and care professionals who have used
the MEDL O before, throughout the development process.

Methods: Participants included a diverse group of researchers and care professionals experienced in using the MEDL O tool.
The UCD approach involved multipleiterative phasesincluding semistructured interviews, user research sessions, and application
development. Data were analyzed using a qualitative (thematic) approach of UCD and user research sessions. The app, which
was preferred to the traditional Excel-based MEDL O, underwent multipleiterations. This method primed the continuousiterative
development of the app, aimed for a minimum viable product (MVP).

Results: Thisstudy included 14 participants, primarily female, from diverse professional backgrounds. Their feedback highlighted
the need for efficiency improvements in tool preparation and data management. Key improvements included automated data
handling, an intuitive tablet interface, and functionalities such as randomization and offline data syncing.

Conclusions: Theiterative development process led to an app that aligns with end-user needs, indicating potential for improved
usability. Early and continuous user involvement was key in enhancing the application’s usability, demonstrating the importance
of user feedback in the development process.

(JMIR Hum Factors 2025;12:€57911) doi:10.2196/57911

KEYWORDS

co-design; user-centered design; app development; nursing home; user-centered; design; efficiency; usability; tablet; mobile
phone

on-site evaluations of an individual's well-being [5,7,8]. EMA
involves collecting data on individuals behaviors and
experiences in their natural environments, which can then be
used to identify patternsand inform interventions[7]. However,
existing EMA tools are mainly used in research settings, and
their implementation in clinical practice has been challenging
due to the time-consuming nature of data collection and the
complexity of thetools[9,10]. The Maastricht Electronic Daily
Life Observation tool (MEDL O-tool) is designed to assess the
daily lives of nursing homeresidentsusing EMA methodologies
[1,4]. The tool captures real-time information across severa
key dimensions of daily life, including activity levels (eg,
participationin communal or solitary activities), agitation, mood

Introduction

Assessing the daily lives of older adults, particularly in the
context of nursing homes, is essential for gaining insightsinto
quality of life[1,2]. It allows health care providersto detect and
address issues related to their physical health (eg, mobility
limitations, pain), mental well-being (eg, mood disturbances,
cognitive decline), and socia interactions (eg, isolation,
engagement in activities) in a timely manner [1,3,4]. This
information can then be used to personalize care plans, thereby
potentially improving health outcomes and enhancing the overall
quality of life of older adults[5,6].

Ecological momentary assessments (EMAS) have been
developed to facilitate this process by providing real-time,

https://humanfactors.jmir.org/2025/1/€57911

states, and interactions with staff, fellow residents, and visitors
[1,4,11]. By systematically observing and recording these
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aspects, the MEDL O-tool providesanuanced view of residents
experiences, which can inform personalized care strategies[4].
However, the MEDLO-tool relies on Excel templates that
require significant manual input and are not user-friendly for
care professionals [1,4]. The complexity of the Excel-based
system poses significant challenges, including dataentry errors,
timeinefficiency, and barriersto widespread adoptionin clinica
settings[12,13]. Thiscomplexity can be particularly problematic
in nursing homes, where staff may have limited time and
technological proficiency [13].

Developing a mobile application for the MEDLO-tool could
address these challenges by automating data collection
processes, reducing manual input, and providing an intuitive
interface for users [14,15]. An app could streamline
observations, enable real-time data analysis, and facilitate
immediate feedback to care providers, thereby enhancing the
tool’s use in clinical practice. Furthermore, considering the
unique needs of residents with dementia, it is important that
such an app is designed to account for cognitive impairments
and communication difficulties [16,17]. The development of
such an app requires athorough understanding of the needsand
preferences of the end-users. A user-centered design (UCD)
approachisvital for developing softwarethat truly meetsusers
needs[14,18]. UCD emphasizesinvolving usersthroughout the
design process to ensure that the product aligns with their
requirements and preferences[19]. Thisinvolvesiterative cycles
of user need assessment, design, prototyping, and testing [20].

Hacking et al

Co-design, acomponent of UCD, involves direct collaboration
between users and designers, requiring the active participation
of users in generating ideas, making decisions, and solving
problems [21,22]. This not only ensures the software’'s
functionality but also its usability [21].

Potential barriers to implementing such technology include
technological literacy among staff, user engagement, and
ensuring data privacy and security [13,23]. By actively involving
care professionals and stakeholders in the design process, we
aim to create a tool that is both functional and user-friendly,
facilitating its adoption in clinical practice and ultimately
improving the quality of care for residents with dementia
Therefore, this study is aimed at developing an app for
measuring the daily life of residents with dementia living in
nursing homes, using a user-centered and co-design approach.

Methods

Study Design

This methodological study aimed to develop a mobile
application version of the MEDLO-tool for use in long-term
care facilities, using a UCD approach [24-26]. The study
unfolded in multiple iterative phases, including semistructured
interviews, user research sessions, application development,
and comprehensive dataanalysis, asillustrated in Figure 1. The
project culminated in the achievement of a minimum viable

Figure 1. Theiterative process of app development. MV P: minimum viable product.
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User research
session 1

Application
development 2

Participants

Participants were sel ected through purposive sampling to include
individual swith experience using the MEDL O-tool. The sample
consisted of researchers and health care professional s affiliated
with Maastricht University and local nursing homes. Inclusion
criteriawere previous use of the MEDL O-tool and willingness
to participate in the study. A total of 14 participants were
recruited, comprising research assistants, PhD candidates,
postdoctoral researchers, senior researchers, occupational
therapists, research coordinators, and associate professors.

Data Collection

Data collection involved semistructured interviews and user
research sessions conducted between January and June 2023.

https://humanfactors.jmir.org/2025/1/€57911

User research
session 2

product (MVP).
m

I nterviews

Semistructured interviewswere guided by acomprehensivelist
of topics derived from availableliterature and consultation with
the researchers who devel oped the original MEDL O-tool [1,4].
The interview guide can be found in Multimedia Appendix 1.
The interviews aimed to gather insights into participants
experienceswith the Excel-based MEDL O-tool, usability issues,
functionality requirements, dataanalysistechniques, and general
impressions[27]. Each interview lasted approximately 45 to 60
minutes and was audio-recorded with participants’ consent. The

audio wastranscribed verbatim for analysis. Theinterview guide
is provided in the supplementary materials.

The interview transcriptions were subjected to a 6-phase
thematic analysis process, aligning with the methodologies
supported by previous research [28-30]. Theinductive analysis
was conducted by one researcher. A second researcher reviewed
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the coding to enhance trustworthiness. This comprehensive
processinvolved familiarization with the data, generating initial
codes, identifying themes, reviewing themes, defining and
naming themes, and ultimately, reporting the results. The
resulting report summarized the key findings, interpretations,
and implications, to provide valuableinsightsfor the next stages
of the development of the app.

User Research Sessions

A total of 2 user research sessions were conducted monthly to
involve participants in the iterative development process. The
session guide can be found in Multimedia Appendix 2. Each
session lasted approximately 2 hoursand was held at M aastricht
University. Participants interacted with app prototypes using
tablets and smartphones provided by the research team. The
sessions included guided tasks (eg, completing an observation
using the app), open-ended discussions, and interactive feedback
activities facilitated by researchers using prototypes and
interactive demos. The structure of these sessionswasinformed
by previous co-design methodologies[1,3,31].

Data Analysis

Qualitative Analysis of I nterviews

Interview recordings were transcribed verbatim and analyzed
using thematic analysis following Braun and Clarke's 6-phase
approach [28]. A total of 2 researchersindependently coded the
transcripts to enhance reliability. Initial codes were generated
and organized into potential themes. Discrepancies in coding
were discussed and resolved through consensus meetings.
Themes were reviewed and refined to ensure they accurately
represented the data. The final themes captured key insights
into the usability and functionality of the MEDLO-toal,
informing the app development. The overall process of thematic
analysis was guided by earlier worksin thisfield [29,30]. The
session guideis provided in Multimedia Appendix 1.

User Research Sessions

Each user research session included guided tasks (eg, completing
an observation using the app), open-ended discussions, and
interactive feedback activities facilitated by researchers using
mock-ups and interactive demos. Feedback from user research
sessions was documented through field notes and audio
recordings. An inductive content analysis was conducted by
oneresearcher, who coded feedback and categorized issuesinto
4themes: layout, functionality, errors, and appearance. A second
researcher reviewed the coding to enhance trustworthiness. This
categorization allowed the development team to prioritize user
concerns based on frequency and severity, ensuring a
user-centric approach to app refinement.

Application Development

The application was developed using “.NET MAUI" (ie, a
framework designed by Microsoft) for cross-platform
compatibility oniOS and Android devices. The server-side (ie,
where the data are sent to) used “ASPNET Core” (ie, a

https://humanfactors.jmir.org/2025/1/€57911
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framework designed by Microsoft) for a maintainable and
performant application. The development processwasiterative,
with weekly meetings between developers and researchers to
integrate user feedback from the interviews and user research
Sessions.

Usability testing involved participants compl eting specific tasks
using the app prototypes while researchers observed and noted
any issues. Testing ons were conducted in a controlled
environment to simulate actual usage conditions. Feedback from
thesetestsinformed further refinements and addressed potential
adoption or feasibility issues.

Ethical Consider ations

This study did not require formal ethics approval under the
Medical Research Involving Human Subjects Act (WMO). In
the Netherlands, research that collects only anonymized or
nonsensitive feedback—without requiring participants to
undergo procedures that affect their physical or psychological
integrity—is not considered WMO research and is therefore
exempt from ethics review. The guidelines provided by the
Central Committee on Research Involving Human Subjects
clarify that retrospective or noninvasive studies using aggregated
or anonymized data do not fall under the scope of the WMO
[32]. The Maastricht University Medical Center+ Research
Code aso confirms that studies conducted with minimal risk,
such as those anayzing collective feedback, do not require
formal ethical review. All participant feedback was anonymized
and is presented in aggregate form to ensure confidentiality
[33].

Results

Sample

The study involved 14 participants with an average age of 36
(SD 10; median 39; range 24 - 57) years, and 93% (13/14) of
them were female. The participants represented a diverse range
of professions, including research assistants (n=3), PhD
candidates (n=4), postdoctoral researchers (n=2), a senior
researcher (n=1), an occupational therapist (n=1), a research
coordinator (n=1), an associate professor (n=1), and an
individual who was currently unemployed. Most participants
(9/14, 64%) were dffiliated with Maastricht University, while
others worked at health care providers (4/14, 29%) or were
unemployed (1/14, 7%). The average duration of employment
at their respective institutions was 6 (SD 5; median 6; range
0.5 - 16) years.

All 14 participants had previous experience with the
MEDLO-tool; 12 (86%0) participants had used it directly in their
research, while 2 (14%) participants had used it as inspiration
for developing other tools different from MEDLO. All
participants had also been in contact with the devel opers of the
MEDLO-tool. Table 1 presents the demographic information
of the participantsin detail.
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Table. Demographic information of the participants.

Hacking et al

Characteristic Values
Age (years), mean (SD)

24 - 57 36(7.7)
Gender, n (%)

Female 13(93)

Male 1(7)
Time at institution, mean (SD)

6 monthsto 16 years 6(3.3)
Use of the tool, n (%)

Used in research 12 (86)

Inspiration for another tool 2(19)
Contact with developers, n (%)

All participants 14 (100)
Participants’ affiliations, n (%)

University 9(64)

Health care provider 4(29)

Unemployed 1(7)

Interviews

The participants described the process of using the MEDL O-tool
in research projects as comprising 7 distinct phases: (1)
acquiring informed consent, (2) preparing the Excel sheets
before the observation, (3) familiarizing themselves with the
faces of the residents who would be observed, (4) conducting
the observations, (5) fixing issueswith the data (such asmissing
values or inconsistencies), (6) analyzing the data, and (7)
communicating the data back to the care organizations.

Participants emphasi zed that the preparation of the tool and the
subsequent data cleaning were particul arly time-consuming and
would significantly benefit from automation. One participant
stated, “Every time before we do a new observation, we have
to look at the participants, randomize them several times, and
input al of this into the Excel sheet” Another participant
highlighted the challenges faced after data collection, “ After
the observation is done, | have to go through the whole
document to check all the fields that | didn’t have time to fill
out or that | didn't know how to rate” These comments reflect
the manual and labor-intensive nature of the existing process,
which participants found cumbersome.

Participants reported that during observations, they used separate
pieces of paper to write down descriptions of each resident’s
appearance because the observation periods were too short to
input this information into the Excel sheet in real time. They
suggested that having an additional field to securely write this
information directly on the tablet would make the process more
accessible. One participant explained, “We usually arrive at
least half an hour earlier, so we can ask the nurses which
participant corresponds to which name, and write down what
they look like. We do that to find them back more easily during
the observation.” Another participant elaborated on thelogistical

https://humanfactors.jmir.org/2025/1/€57911

challenges, “The data entry process on the tablet is intuitive,
but we also have to keep track of the patient names and
descriptions on paper, we carry the manual, and we use atimer
on our phone to ensure that we don't spend too long on any
resident. Thisisalot to carry around.” Regarding datareporting,
participants indicated that the data reported back to the nursing
homes primarily consisted of quantitative measures, which could
potentially be automated through a dashboard (eg, Microsoft
PowerBl). Participants expressed that automating this process
would reduce the time between data collection and reporting,
which currently could be several months. One participant noted,
“When we want to report back the numbers to the care
organi zation, we make a PowerPoint presentation that includes
aggregated numbers. This usually takes place severa months
after the observations.” Another participant suggested: “| think
some of the numbers could be reported back automatically.”

Overall, participants preferred using atablet compared to using
pen and paper, citing theintuitive data entry process. However,
they also mentioned that a tool compatible with smartphones
would be beneficial, especialy for care professionalswho might
find tablets |ess convenient. One participant remarked, “ | think
the tool works well, but I'm not sureif it would be usable like
thisfor nurses”

Initial User Research Session

Based on the information gathered during the interviews and
the suggested points for improvement, an initial version of the
application was created and provided to the participants for the
first user research session. This first draft of the application
consisted of an dashboard web application and a mobile app,
both of which included the core components but had limited
functionality. Multimedia Appendix 3 shows the app and
dashboard asthey were presented to the participants. Multimedia
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Appendix 4 provides adetailed overview the feedback received
during the initial user research session.

During the initial user research session, participants expressed
largely positive sentiments towards the concept of the
application and appreciated the efforts made in its devel opment.
One participant commented, “I know we have alot of complaints
about the app, but we really appreciate the work [the
development team] has done aready.” However, participants
also identified several areas for improvement. They expressed
concernsregarding certain features of the app, such asthetimer
functionality, which lacked a reset option. Participants noted
that in their current practice, they used interval timers on their
phones to manage observation times for each resident, and the
app’'stimer did not adequately support this need. One partici pant
suggested, “What could be niceis some kind of interval timer.
That's what we currently use on our phones.” In addition,
participants missed the comprehensive overview provided by
the Excel-based MEDL O-tool, as the prototype app had been
designed primarily for phone screens and did not offer the same
level of data visibility. One participant observed, “Normally,
you could easily scroll back in the overview.” Furthermore,
there were some unclear aspects of the app, such as certain
functionalities being available only through the dashboard and
not within the app itself. Participants found labels on buttons
to be unclear, which led to confusion during navigation. They
recommended improving the screen layout for better usability
and enabling easy switching between participants by alist.

Participants raised concerns about data storage and security,
even though these aspects had been addressed in the app’s
design. They questioned how the data was stored and whether
it was encrypted. It was explained to them that the data was
stored on the device (ie, phone or tablet) in encrypted form and
could be synced to a secure server. Regarding randomization,
participants asked how it would be conducted within the app
and where they could access this feature. It was clarified that
randomization was performed automatically upon creating a
new observation group. A participant inquired, “How do |
randomize the participantsin the app?’ To which the response
was, “That is done automatically when an observation group is
added.”

Participants inquired about features that had not yet been
implemented but were planned for future updates. For example,
they asked if the app would work offline, which was an
important consideration for use in environments with limited
internet connectivity. They also asked whether the data could
be exported to Excel for further analysis. These features were
already part of the application’s devel opment roadmap but were
not yet available in the user interface at the time of the session.
One participant expressed concern, “I don’t know if it'sanissue
when | lose connection, or whether | lose my data” Another
participant discussed data export capabilities, “These are the
data you see when you download the Excel file. With Excdl, it
looks a bit different, but what you see here are all the column
names.”

Second User Resear ch Session

Following theinitial user research session, the app was updated
to address the feedback received. Adjustments were made to
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the timer functionality, screen layout, language translation, and
several other features as per the participants' suggestions. A
second version of the application was then provided to the
participants for the subsequent user research session. In
Multimedia Appendix 5, the feedback received during the
second user research session is detailed.

In the second session, participants expressed fewer concerns
regarding the application, indicating that many of their initial
issues had been resolved. However, they still provided valuable
feedback on functionality and appearance. One of the main
concernswasthat the app was not yet fully trandated into Dutch;
while significant progress had been made, some parts remained
in English. Participants emphasized theimportance of complete
tranglation before the app could be effectively used by nurses
and other care professionals. One participant remarked, “Most
of the app has been trandated, but some of the texts are till
only in English.” Another participant added, “ This al needsto
be translated before we can hand thisto nurses”

Participants also suggested that the criteria for showing and
hiding fiel ds during observations should be further refined based
on relevance, to streamline the data entry process and reduce
cognitive load. They discussed various small changes in the
appearance of the app to enhance usability and visual appeal.
For instance, they recommended that the “star” button used to
mark important observations be made a different color to stand
out more prominently. One participant suggested, “Could you
make the star button orange to make it stand out a bit more?’
In addition, participants found the criteria for marking an
observation as “complete” to be somewhat confusing. They
proposed that once an activity has been set for an observation,
it should be automatically marked as completeto provide clearer
feedback to the user. One participant explained, “1 would prefer
it if the observation could be marked as ‘ complete’ when the
activity has been set.” Participants also recommended offering
flexibility in the number of observation rounds that could be
added, as different research protocols or care routines might
require varying numbers of observations. They suggested
making the process more efficient by creating a priority list or
extending the default time block for certain observations that
typically takelonger. Furthermore, participants emphasized the
importance of ensuring that the app’s manual could be accessed
fromwithin the app itself. They stressed that the manual should
be clear, comprehensive, and align with users practical
experiences to facilitate ease of use, especially for new users.

By the conclusion of the second user research session,
participants expressed optimism about the app’s potential to
improve their workflow and reduce the time spent on manual
data entry and processing. They acknowledged the
responsiveness of the devel opment team to their feedback and
looked forward to future iterations of the app that would
incorporate their latest suggestions.

Discussion

Principal Findings

This study successfully developed an app-based version of the
MEDL O-tool aimed at assessing the daily life of residentswith
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dementia in nursing homes. By using a UCD approach, we
incorporated feedback from participants throughout the
development process, resulting in a minimum viable product
that aligns with the needs and preferences of end-users.

The iterative development process revealed that larger issues,
such as bugs and significant feature requests, were identified
and addressed in the initial phases. Subsequent user research
sessions showed adecrease in the number and severity of issues,
indicating progressive refinement of the app. Participants
expressed that the app improved upon the Excel-based
MEDLO-tool by streamlining data collection and reducing
manual input, thereby potentially enhancing usability.

Balancing end-user feedback with established best practices
and user interface guidelines was crucial during devel opment
[34-37]. While participants provided valuable suggestions, not
al could be implemented due to conflicting requests and
congtraints related to usability standards. For instance, some
users desired a more complex timer feature, whereas others
preferred simplicity. Decisionswere madeto benefit the majority
and adhereto platform guidelinesto ensurefamiliarity and ease
of use[34,35].

The effectiveness of the UCD approachin this study alignswith
previous research demonstrating its benefits in software
development [38,39]. A key factor in our success was the
development team’s familiarity with the context of long-term
care for older adults. This domain knowledge facilitated
insightful conversations between developers and participants,
reducing misunderstandings and accel erating the devel opment
process. Previous studies have highlighted that cognitive
similarity and shared jargon can enhance team performance
[40,41].

Limitations

Despite these strengths, the study has limitations that warrant
consideration. The participant sample consisted primarily of
researchers affiliated with the University, which may limit the
generalizability of the findings to care professionals who are
the intended end-users in clinical settings. While these
researchers had extensive experience with the MEDL O-toal,
involving abroader range of stakeholders, including nursesand
other care staff, could provide additional insightsinto usability
and practical implementation. Furthermore, the app was not

Data Availability
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tested in a real-life nursing home environment, which could
have revealed context-specific challenges and opportunities.

Future Work

Future research should focus on conducting pilot studies to
evaluate the feasibility and effectiveness of the MEDLO appin
real-world nursing home settings. Involving care professionals
in these studies would help assess the app’'s usability,
accessibility, and impact on daily workflows. In addition,
gathering feedback from residents and their families could
provide a more comprehensive understanding of the app’s
influence on care quality.

Further development could explore integrating advanced
technologies, such asartificial intelligence and machinelearning,
to enhance dataanalysis and provide predictiveinsights[42,43].
For example, natural language processing could be used to
automate the interpretation of observational data, aiding care
providers in identifying patterns and potentia areas for
intervention. However, implementing such technol ogieswould
require careful consideration of ethical implications, data
privacy, and user acceptance.

Future research may also investigate the usability in practice,
by letting nurses use the app in their daily work. This could
provide valuableinsightsinto the app’sintegration into existing
workflows and its impact on the quality of care provided to
residents. In addition, longitudina studies could assess the
long-term effects of using the app on care outcomes and staff
satisfaction. Thisinformation could inform further refinements
and improvements to the MEDL O app, ensuring its relevance
in long-term care.

Conclusion

This study successfully demonstrates the viability and demand
for an app-based MEDLO-tool for assessing residents with
dementia in nursing homes. By using a UCD approach, this
study addressed the limitations of the existing Excel-based
system by offering amore efficient and user-friendly alternative.
This study shows that involving users early on in the process
and keeping them involved can have a positive effect on the
usability of an application. The MEDL O app showsthat aUCD
approach can provide real benefits in the development of a
digital toolsin nursing homes.

The datasets generated or analyzed during this study are available from the Living Lab in Aging and Long-term Care

(ouderenzorg@maastrichtuniversity.nl) on reasonable request.
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Abstract

Background: Remote patient monitoring (RPM) aims to improve patient access to care and communication with clinical
providers. Overall, understanding the usability of RPM applications and their influence on clinical careworkflowsislimited from
the perspectives of clinician end users at a cancer center in the Northeastern United States.

Objective: This study aims to explore the usability and functionality of RPM and €licit the perceptions and experiences of
oncology clinicians using RPM for oncology patients after hospital discharge.

Methods: The sample included 30 of 98 clinicians (31% response rate) managing at least 5 patients in the RPM program and
responding to the mHealth usability between March 2021 and October 2021. Overall, clinicians responded positively to the
survey. Item responses with the highest proportion of disagreement were explored further. A nested sample of 5 clinicians who
responded to the study survey (30% response rate) participated in interview sessions conducted from November 2021 to February
2022, averaging 60 minutes each.

Results. Survey responses highlighted that RPM was easy to use and learn and verified symptom alerts during follow-up phone
cals. Areastoimproveidentified practice changes from reporting RPM aertsthrough digital portalsand itsinfluenceon clinicians
workload burden. Interview sessions reveal ed 3 main themes: clinician understanding and usability constraints, patient constraints,
and suggestions for improving the program. Subthemes for each theme were explored, characterizing technical and functional
limitations that could be addressed to enhance efficiency, workflow, and user experience.

Conclusions;  Clinicians support the value of RPM for improving symptom management and engaging with providers.
Improvementsto address RPM challengesinclude functional changesto enhance the program’s utility, such asinput from patients
about temporal changesin their symptoms and technical resources for home monitoring devices.

(IMIR Hum Factors 2025;12:e60585) doi:10.2196/60585

KEYWORDS

cancer; oncology; clinician end users; remote patient monitoring; digital health; implementation science; patient monitoring;
patient access; care; communication; usability; functionality; survey; interview; efficiency; workflow; user; clinician support
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Introduction

Improving the patient’s access to care and enhancing their
quality of life by preventing readmission is the primary goal of
posthospital caredelivery, yet traditional oncology care models
often lack communi cation and monitoring after discharge[1-5].
Consequently, re-admissions for oncology patients within 30
days of discharge for symptoms that could be mitigated with
proactive, remote patient monitoring (RPM) is an opportunity
for advancing oncology patient care [6-8]. Our prior research
at Memorial Sloan Kettering Cancer Center (M SK) highlights
the potential of RPM to facilitate transitions of care through
optimized patient-provider communication and proactive
engagement through digital technology [7,8]. The RPM program
was designed to reduce unplanned care visits following
discharge from the hospital by proactively monitoring patient
status via daily questionnaires. Electronic patient-reported
outcome (ePRO) assessments generated alerts for patients
enrolled in the RPM that were sent to the patient’s primary
oncology care clinician team. Details regarding the early
devel opment and integration of the organizational RPM project,
aswell asthe patientsrecruited have been previously published
[3,9-11]. However, limited research exists describing the
perspectives and experiences of the clinician end usersregarding
how digital interventions are integrated into clinical care and
the influence of technological health care models on patient
care workflows.

To address this gap, our team developed this study to gain a
greater understanding of the influence of RPM on clinical
workflows in daily practice as part of a larger institutional
initi ative supporting center-wide symptom management during
thetransition of care from the inpatient to the outpatient setting
[3,9-11]. The purpose of this study is to explore the usability
of the RPM program and the perceptions and experiences of
oncology clinicians using RPM to care for patients in practice
after hospital discharge. The broader aim was to identify the
impact, perceived usefulness ease of use, user control of the
RPM, and barriers and facilitators experienced during theinitial
RPM implementation. The Consolidated Framework for
Implementation Research [12] guided this study to query
oncology clinicians, the key contributors to this management

https://humanfactors.jmir.org/2025/1/e60585

Mazzella-Ebstein et al

strategy, about their experiences, satisfaction, usefulness, and
value of RPM.

Methods

Overview

The study’s design used a multi-modal case study approach,
using quantitative (survey) and qudlitative (interviewsand focus
groups) to characterize the phenomenon and context of
integrating RPM into the practice setting [13-18]. Thisapproach
encourages multiple sources of evidence to understand the
clinician’s perspectives about the use and function of RPM in
real-world clinical practice and its influence on patient care
workflows.

Initially, survey methods assessed clinicians’ responses to the
overall usability, functionality, and value of RPM. Second,
clinicians participated in semistructured interviews and focus
group sessionsto elicit feedback and explanations about items
of concern found in the survey responses [13,14,17]. The
interview sessions aimed to delve deeper into the survey
concerns and examine the use of the RPM application from a
clinical perspective.

Setting and Clinician Sample

This study focused on clinician end users, specifically nurses
involved in clinical office practices that integrated the initial
organization’s RPM initiative [3,9-11] from October 15, 2018,
to July 10, 2019, at MSK in the Northeastern United States. The
cliniciansin this study werethefirst group of end usersinvolved
in caring for oncology patients using RPM. The RPM program
was rolled out sequentialy, beginning with the oncology
servicesthat care for patients with the highest symptom burden
(Table 1). Clinicians from physician office practice settings,
who had experience in caring for at least 5 patients enrolled in
RPM, were invited to participate in the usability survey. This
criterion ensured that the clinicians had ample experience with
using the RPM program. Additionally, a nested sample of
clinicianswho completed the survey were recruited to take part
in semistructured interviews to provide further information
about the challenges of the RPM identified from the survey
[19-22].
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Table . Description of practice clinicians by percent of the sample. Clinicians: registered nurse in practice settings; responses (n=30; response rate

31%).

Oncology specialty disease management service

m-Adapted health questionnaire disseminated, n (%)

Thoracic (THR)

Gastro-intestinal (Gl)

Breast (BR)

Sarcoma (SAR)

Genito-urinary (GU)

General medicine oncology (GMO)
Head & neck (HN)

Melanoma (MEL)

Myeloma (MYL)

Bone marrow transplant (BMT)
Lymphoma (LY MP)

Leukemia (LEU)

Covering clinicians/no specific service

Total surveys sent

23 (24)
30 (31)
15 (15)
6(6)

6 (6)
5(5)
4(49
2(2)
2(2)
1(1)
1(1)
1(1)
2(2
98 (100)

8Percentage of the sample.

Data Collection

Survey

Eligible cliniciansin this study who met the study criteriawere
identified using the RPM s dashboard. Clinicianswererecruited
using the organization's email with a link to a web-based
consent and m-Adapted Health Usability Questionnaire from
March 2021 to October 2021. To maintain the anonymity of
theclinicians, broad demographic datawere collected to quantify
clinicians' years of experience in their current organizational
roles and use RPMs within electronic health record systems.

The m-Adapted Health Usability Questionnaire [23,24], is a
29-item self-report survey, that assessed an overdll
understanding of the functionality of the RPM from the
perspectives of the clinician end users including the quality of
work life, perceived usefulness, and ease of use, and user control
of RPM in a 7-point Likert Scale (1 [strongly disagree] to 7
[strongly agree]). The questionnaire takes about 13 minutes to
complete in REDCap (research electronic data capture;
Vanderbilt University) [25]. The Cronbach o for al scalevalues
was >0.7 with scores ranging from 0.85 to 0.92. Permission to
use the questionnaire was not required [24].

https://humanfactors.jmir.org/2025/1/e60585

I nterview Sessions and Guide

Clinicianswho completed the study’s survey were also recruited
through the organization's email to take part in 60-minute
interviews or focus group sessions. The interview guide was
developed by the research team based on understanding areas
where the usability of RPM was challenging for the clinicians.
Items from the usability survey where the percentage of
responders who disagree, disagree, and strongly disagree
exceeded 44%, informed the interview and focus group guide.
Topics in the guide were broad enough to elicit narrative data
describing the background and contextua characteristicsrelated
to the clinician’s experience with RPM [26,27]. The interview
guidewas organized into four topics. (1) General understanding
and information about the RPM; (2) Experiences, barriers, and
challenges with using the RPM; (3) The Influence of the RPM
on the current workflow; and (4) Suggestions for improvement
(Table 2). Interviews and focus groups were conducted via the
web by the Pl (AMME) and the qualitative methods specialist
(MBB) from November 2021 to February 2022. Verbal consent
was obtained from clinicians to record sessions.
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Topic Main statements Probe questions Aligns survey
Topic 1: provide general informa- «  Where do you work? « Canyou briefly describe the Qb 34
tion about thetopic of study andask «  Can you tell me about your patient group in your office
questions related to the specific ser- work with RPM@? practices (patient symptom
vice and the specific patient needs. ,  \hat canyou tell ug/each other burden, any factorsin this
about RPM ? group that need to be addressed
through RPM)?
«  Canyou describe your work-
flow and the technology sys-
tems used in your daily work
activities?
«  Canyou describe the work-
flow, and the systems used
when providing care?
«  How doesthe RPM fit into the
care workflow?
Topic 2: issuesand barriersthat are «  What arethe strengths/barriers «  What functionality isfoundin  Q 7,9,10,13
specific to using the RPM. to using RPM from the nursing the current systems and appli-
perspective? cationsused during patient care
«  What arethe strengths/barriers activities to make caring for
to using RPM from the pa- patients easy?
tient’s perspective? o What functionality inthe RPM
«  Doyouthink RPM isvaluable: is not working? Describe?
to nurses the patients? « Doyouthink the patients like
using the RPM?
« Doesthe RPM provide value
for the patients? Care?
«  Doyouthink patient education
about the RPM helps?
Topic 3: practice workflow; getting «  How does the RPM toolkit «  Describe how you use the Q18-20
to theissue about the RPM, frequen- work with your workflow? RPM (and patientswith remote
cy of using thetoolkit, andtheinflu- «  How do you usethe RPM apps monitoring devised, ie, pulse
ence of workflow. to provide care? oximetry)
«  How do you use the RPM «  How do you use the informa-
toolkit using the digital apps? tionin caring for your patients?
«  Canyou describethe communi-
cation among practitioners us-
ing the RPM?
Topic 4: functionality, if modified, «  What are your thoughtsabout «  If youcouldfix anythingabout Q 23 - 25

would be meaningful and helpful
for the RPM, improved workflow,
user satisfaction, and improved pa-
tient outcomes.

how RPM functions?

«  How could it beimproved?

the RPM, what would it be?
To what extent do you think
the modifications described
could influence patient out-
comes that patient care?

o What current functionality has
the greatest influence on
workflow?

3RPM: remote patient monitoring.
bQ: question.

Data Analysis
Survey

Survey response data were extracted from REDCap [25] to a
deidentified Excel spreadsheet before analysis. To ensure
anonymity, demographic information was only provided for
clinicians who were sent the surveys and not collected for
clinicians who responded. Data responses were initially scored
in REDCap [25] for the frequency and proportion of agreement
or disagreement with survey items consistent with the 7-point

https://humanfactors.jmir.org/2025/1/e60585

response scale. The scale responses were then collapsed into 3
groups, disagreement (strongly disagree, disagree), neutral
(neither agree nor disagree), and agreement (agree and strongly
agree). The Strengthening the Reporting of Observational
Studies in Epidemiology guidelines were used to report the
study’s quantitative findings [28].

I nterviews Sessions

Data from the interviews and focus groups followed the
Consolidated Criteria for Reporting Qualitative Research
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guidelines and were used to report the study’s findings [29].
Therigor and validity of the data were supported by clarifying
participants’ statements during interview sessions. The
transcripts were audio recorded, transcribed verbatim, and
independently reviewed by 2 reviewers using thematic content
analysis [30]. Themes and subthemes were constructed based
on the verbal responses from the clinicians. Team consensus
was determined by agreeing upon the best representation of the
data [24,26,27,30].

Ethical Consider ations

This research is part of an ongoing organizational program of
RPM initiatives. This research obtained ethical approval from
the MSK Institutional Review Board (X20-086) as exempt
research and followsthe ethical principlesand guidelines of the
Belmont Report. All respondersto surveys compl eted web-based
informed consent to participate. Participants in focus groups
and interviews provided informed verbal consent.

Results

Overview

A total of 35 clinicians participated in this study from both
survey and interview sessions. Of the 98 clinicians who had

https://humanfactors.jmir.org/2025/1/e60585
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experiences with at least 5 patients enrolled in RPM and
received the study’s survey, 30 responded (31% response rate).
A nested sample of 5 clinicians (17% response rate) from this
original group of 30 clinicians who completed the survey, also
agreed to take part in 4 sessions (3 interviews; 1 focus group
of 2 clinicians). Demographic data were not collected with the
survey to maintain the anonymity of the clinician responders.
However, the mgjority of clinicianswho responded to the survey
and interview sessions represented the Gastrointestinal,
Thoracic, and Breast oncology services known to have the
highest symptom burden. Of the clinicians who took part in the
interview sessions, 3 clinicians had 5 or more years of
organizational work experience, while 2 clinicians had 2 years
or less of experience.

Survey Responses

Overdll, the clinicians reported that the RPM was easy to use
and learn and that symptoms communicated through the RPM
program were confirmed during follow-up phone calls.
Suggested areas for improvement included communication and
practice changes related to symptom management and the
clinicians’ workload burden. Findings highlighting survey items
with the highest frequency and proportion of survey responses
are presented (Table 3).
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Table. Frequency distribution of m-Adapted health questionnaire responses (n=30)2.

Statements about remote patient monitor-  Total responses, N Agree/somewhat Neither agreenor  Disagree/somewhat  Unknown, n

ing (RPM) agree/strongly disagree, n (%) disagree/strongly
agree, n (%)b disagree, n (%)

Ease of use and functionality as easy to learn
1.RPMiseasyto 27 18 (67) 2(7) 7(26) 3
use
2.RPM iseasy for 27 18 (67) 7 (15) 5(18) 3
meto learn
3. Liked the digital 26 8(31) 4 (15) 14 (54) 4

interface of the pa-
tient data received
through portal se-
curemessagederts

4.1likedthedigital 26 7(27) 12 (46) 7(27) 4
interface of the pa-

tient data received

through the

Splunk/summary

dashboard

5. Informationin 25 12 (48) 9 (36) 4(16) 5
the Splunk/summa-

ry dashboard was

well-organized

Integrating the RPM into workflows

6. RPM hasusable 27 14 (52) 6(22) 7(26) 3
functionsand capa-

bilities

7.RPM hasbeen 27 11 (44) 1(4) 14 (52) 3

appropriate for me
to care for patients

8. Easy tointegrate 27 11 (41) 4 (15) 12 (44) 3
into my current
clinical workflow

Acceptable for practice

9. Anacceptable 26 9(35) 5(19) 12 (46) 4
way to coordinate
health care services

10. Improved com- 26 10(38) 1(4) 15 (58) 4
munication be-

tween my col-

league's office

practice teams for

patient symptoms

11. Promptsmeto 25 9(36) 5(20) 11 (44) 5
refer patientsto a

specialist for symp-

tom management

12. RPM isuseful 26 12 (46) 4 (15) 10 (39) 4
for my health care
practice

13. Improved my 27 7(26) 4(15) 16 (59) 3
ability to deliver
health care services

14. Helped me 27 11 (41) 5(18) 11 (41) 3
manage my pa

tient’s symptoms

effectively
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Statements about remote patient monitor-  Total responses, N Agree/somewhat Neither agreenor  Disagree/fsomewhat  Unknown, n
ing (RPM) agree/strongly disagree, n (%) disagree/strongly
agree, n (%)b disagree, n (%)

RPM convenience

15. Isconvenient 26 10(39) 4(15) 12 (46) 4
for meto communi-

cate with patients

16. Had many more 27 11 (41) 4 (15) 12 (44) 3

opportunitiesto in-
teract with patients

17. Felt comfort- 26 12 (46) 1(4) 13 (50) 4
able communicat-

ing with my pa-

tients about symp-

toms using portal

secure messaging

Devices and symptom management

18. Highlighted the 27 10 (37) 5(19) 12 (44) 3
high-risk symptoms

(not pulse oxime-

try) provided the

correct correspond-

ing severity level

for the patient-re-

ported symptoms

19. Highlighted 27 10 (37) 9(33) 8(30) 3
symptoms related

to pulse oximetry

appropriately

20. Patientswere 27 12 (44) 7 (26) 8(30) 3
appropriately identi-

fied for pulse

oximeter monitor-

ing.

21. Pulse oximeter 26 10(38) 8 (31 8(31) 4
monitoring enabled

me to more effec-

tively manage my

patient’s symptoms

22. High-risk 27 20 (74) 2(7) 5(19) 3
symptom aerts

were confirmed up-

on communication

with the patient by

telephone

Satisfaction, value, and recommendations

23.UsingRPM has 27 3(11) 9(33) 15 (56) 3
improved my job
satisfaction

24.UsingRPM de- 26 2(1y 2(8) 21(81) 4
creased my work-
load

25. Addsvalueto 27 8(30) 7 (26) 12 (44) 3
how | can care for
my patients

26. Patients report- 27 8(30) 7 (26) 12 (44) 3
ed the value of par-
ticipating in RPM
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Statements about remote patient monitor-  Total responses, N Agree/somewhat Neither agreenor  Disagree/fsomewhat  Unknown, n
ing (RPM) agree/strongly disagree, n (%) disagree/strongly
agree, n (%)b disagree, n (%)
27.Overdl,lam 27 9(33) 4 (15) 14 (52) 3
satisfied with the
using RPM
28. | would use 27 10(37) 6(22) 11 (41) 3
RPM againto mon-
itor the symptoms
of patients
29. | would recom- 26 8(31) 5(19) 13 (50) 4

mend the RPM to
my colleagues

3N umber of participants who answered the survey.
bPercentage of the group responses.

Usability

The RPM was easy for clinicians to use but was influenced by
a shift in basic assumptions with patients now instructed to
report symptoms through portal messages rather than calling
the medical offices (14/26, 54%).

I ntegrated Wor kflows

The proportion of responses was fairly divided between
agreement and disagreement. While 14 (52%) cliniciansagreed
that the RPM had usable functions and capabilities, 14 (52%)
clinicians disagreed that the RPM was suitable for their patient
care needs.

Acceptability in Practice

A total of 16 (59%) clinicians reported a disagreement with the
notion that RPM improved their ability to carefor their patients
and, 12 (46%) clinicians reported that the RPM was useful in
their practice.

Conveniencein Patient Care

Despite similar proportions of agreement and disagreement
overal, ahigher proportion of clinicians (13/26, 50%) disagreed
with feeling comfortable communicating with patients about
symptoms through portal messages.

Symptom M anagement

Clinicians reported that devices were appropriately used for 12
(44%) patients and that high-risk symptoms were confirmed

Table. Themes and subthemes.

during follow-up phone calls to 20 (74%) patients. The
responses were fairly split between agreement (10/27, 37%)
and disagreement (12/27, 44%) on how well the devices
provided severity levels. Additionally, 10 (38%) patients agreed
that RPM hel ped them manage their patients.

Satisfaction and Value

A total of 21 (81%) clinicians reported that the RPM did not
decrease their workload and 15 (56%) cliniciansreported it did
not improve job satisfaction. In addition, 14 (52%) of the
clinicianswere not satisfied with RPM, and 13 (50%) clinicians
would not recommend the RPM to colleagues. The proportion
of clinicians who neither agreed nor disagreed was similar to
those who reported disagreement and was further explored in
theinterview sessions.

Interview Sessions

Theinterviews and focus group sessions consistently provided
similar information about the RPM thus achieving thematic
saturation [30]. All clinicians reported a limited understanding
of the RPM during its implementation and suggested that
ongoing educational modules and supporting technical support
would enhance the RPM program for the clinician end users.
Three major themes emerged from the interviews: clinician
understanding and usability constraints, patient constraints, and
suggestions for improvement. Subthemeswere further explored
(Table 4).

Theme

Subthemes

Theme 1: Clinician understanding and usability constraints

Theme 2: Patient constraints

Theme 3: Suggestions for improvement

Clinician uncertainty

Repetitive alerts

Alignment with clinician workflows
Program value

« Appropriate patient enrollment
«  Timing of enrollment
o Communication during and after enrollment

«  Clinica champions needed
«  Program modifications
« Information technology support for end users
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RenderX

JMIR Hum Factors 2025 | vol. 12 | 60585 | p.204
(page number not for citation purposes)


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

JMIR HUMAN FACTORS

Theme 1: Clinician Under standing and Usability
Constraints

Overview

Theme 1 encompasses the information given to the clinicians
during their RPM orientation and how they applied the
application to their current workflow. Three subthemesincluded
clinician uncertainty, repetitive alerts, alignment with clinician
workflows, and program value.

Subtheme: Clinician Uncertainty

The RPM was rolled out in stages starting with oncology
services known to have patients with high symptom burdens.
The clinicians involved in the initial rollout reported more
knowledge and understanding about the RPM compared with
clinicians who were involved later in the rollout. Clinicians
joining later in the rollout reported having little training about
the RPM. However, they reported that the increased frequency
of using the RPM helped them navigate the program for
addressing symptom management alerts and functionality.

| have only worked with it (RPM) for a couple of
patients in the outpatient setting, but 1 get a
notification (through) the portal ... to notify us that
the patient hasenrolled in the RPM program...During
thistimeframe patients (complete) a survey every day
about their symptoms and how they feel. [R32]

Subtheme: Repetitive Alerts

All clinicians reported concerns about repetitive aerts from
daily patient surveys. Each day that a patient reported asymptom
and generated an dert [1,3,10], clinicians called the patient to
verify it and confirm if the symptom was worse, better, or the
same as the previous survey. Although they could see past
patient response trends in the system, this required substantial
effort and did improve the patient’s care for symptoms. When
alerts were consistently reported, the clinicians used their
judgment to decide when to call patients for verification.

There are a couple of categories that we feel were a
little monotonous. ie, was (the pain/symptom) worse?
If they are at stage four lung cancer, (the patient) is
on treatment and they have fatigue, every day... (the
patient cannot modify) their answers, (for example)
moderate fatigue; | am having trouble doing my
activitiesof daily living, so they are clicking that every
day. [R11]

Subtheme: Aligning With Clinician Workflow

Cliniciansreported that beforeimplementing the RPM, patients
wereinstructed to call the physician’s medical officesto report
symptoms. Although none of the clinicians reported significant
changes to their clinical workflows, they all raised concerns
about the shift from patients calling the medical oncology office
for unrelieved symptoms through a digital portal. This change
made clinicians apprehensive about potentially missing
symptoms reported in patient portals.

Before RPM, patients were not supposed to report
symptoms through the portal, but a lot of patients,

https://humanfactors.jmir.org/2025/1/e60585
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ended up just doing that because they were home.
[R11]

Subtheme: Program Value

Cliniciansreported that the RPM was of immense valueto them
and their patients and supported its inclusion in the
organization’s future care delivery. Patients liked that their
office practice clinician proactively contacted and interacted
with them after they were discharged from the hospital.

I do not think they (the patients) mind and love to be
followed up closely, | mean my patients would love
for me, a call them every day. | think patients prefer
(clinicians) calling themover calling the office. [R41]

Theme 2: Patient Constraints

Overview

The patient constraint themes involved the transition of care
from the inpatient setting to RPM following discharge. Three
subthemes emerged: the appropriate patient enrollment, the
timing of enrollment, and communication during and after
enrollment.

Subtheme: Appropriate Patient Enrollment

Nurses from the discharging inpatient unit were responsiblefor
educating patients about using RPM and program enrollment.
However, office practice clinicians stated that not al patients
enrolled by the discharge team were appropriate due to alack
of technical proficiency, ability, and understanding of the
purpose of the RPM. Clinicians consistently reported that they
should be included in RPM enrollment decisions for their
patients.

Thereis a disconnect, (between enrolling the patient
and educating them about the program) and sending
symptoms via the portal messaging using the patient
portal. The policy is that we are given two business
days to answer portal messages...clearly, we cannot
do that when it is a separate message. e need to
speak to that person (By phone). [R21]

Subtheme: Timing of Enrollment

Office practice clinicians reported that the time of dischargeis
overwhelming for patients and inpatient unit teams have limited
time to prepare the patients to leave the hospital. During this
study, pandemic-related socia distancing restrictions prevented
caregiversand family membersfromtaking part in the discharge
process, further complicated RPM enrollment.

The second thing that | wanted to suggest for patients
wanting to quickly leave the hospital and be
discharged and suddenly just get bombarded with all
this information, is to discuss the RPM program the
day (before) discharge. [R32]

Subtheme: Communication During and After Enrollment

Cliniciansreported that a patient’s age was not afactor in RPM
enrollment, as older adults familiar with technology could
engage digitaly with providers. However, patientswith language
barriersor limited accessto el ectronic devices needed assistance
from caregiversor family members similar to findingsin aprior
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study [8]. The RPM assessmentswereintended to be completed
during weekday work hours, from 9 AM to 5 PM Monday
through Friday. Clinicians described receiving the surveys late
in the day, or after hours added stress for the nursing team to
address dlerts.

We have a lot of foreign-speaking patients ---, you
know it is not them who are filling out the survey ...
and it may be one of their relatives or their daughter.
But the daughter may not live with them ... so how do
you know what is going on? [R11]

Theme 3: Suggestions for | mprovement

Overview

The Clinicians supported using RPM to sustain patient care
posthospital discharge. From their perspective, 3 subthemes
emerged, the need for clinical champions, technology support
for end users (clinicians and patients), and specific RPM
modifications.

Subtheme: Clinical Champions Needed

Clinicians expressed the need for continuing education and
updates on RPM improvements, infrequent use required
relearning the system for each new patient. While there were
few Clinical Champions during the initial rollout, additional
experts would have helped them navigate the program and
supported novice clinicians. They also suggested developing
informative slides or videos addressing specific program issues.

I think nursing (clinician end-user) ... needs more
education on the portal becauseit (the portal) issuch
a big part of our job. More training is needed for
using (connecting) pulse ox to an iPhone (or other
devicesie, Android). [R11]

Subtheme: Program Modifications

Cliniciansreported that patient enrollment before hospitalization
or early intheir hospital admission would improvethetransition
from inpatient to outpatient care. They also requested allowing
patients to change or clarify their symptom responses within
the assessment. Frequent patient alerts were seen as potentially
problematic [31] and suggested that enabling patientsthe option
to modify their assessment responses would provide more
accurate symptom information to the clinical team.

There should be a way for them (patients) to say
(respond in the survey) no changes or something...
so that we don’t get the same exact thing (response)
that we spoke to the patient yesterday---about because
it's not realistic, that | call the patient every day to
talk to them about the same time (symptom). [R42]

Subtheme: Information Technology Support for End
Users

Clinicians raised concerns about the lack of integrated IT
systems they use for delivering patient care. Additionally,
clinicians expressed the need for greater IT support for both
patients and staff. Clinicians conveyed concern about the
difficulty in resolving connectivity issues and requested
dedicated assistance from I T teams.

https://humanfactors.jmir.org/2025/1/e60585
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The patientsare calling in a panic and you aretrying
to walk them through over the phone how to set up
the device (RPM on patient’sdeviceie, phone, tablet).
If it was not set up correctly on discharge, or the
device is just not working. (These issues) add more
stressto the patient, but it also adds stressto you (the
clinician) This becomes the added work. [R11]

Discussion

Principal Results

This study presented the perceptions and experiences of
oncology clinicians when caring for their patients using RPM
after hospital discharge. Initialy, clinician survey responses
highlighted concerns about their understanding, perceptions,
and challengeswhen using RPM aswell asitsinfluence on their
clinica workflows. These topics were further explored in
interview sessions and revealed 3 themes. clinician
understanding and usability constraints, patient constraints, and
suggestions for improvement. Most clinicians found the RPM
easy to use and learn, allowing them to confirm the patient’s
reported symptoms during follow-up phone calls. They
supported RPM’svalue for both cliniciansand patientsasacare
delivery method in oncology practice, aligning with findings
from other organizational studies using ePROs [11,31-36], as
well as the challenges and limitations of addressing symptom
alerts after the patient transitions from an inpatient to the home
setting [7,35,36].

Challenges and Opportunities From the Clinical
Setting

This research further emphasized multiple challenges faced by
cliniciansduring theinitial RPM roll-out. A major concern was
the practice change in clinical workflows whereby patients
reported symptoms through electronic portals rather than
contacting the medical offices by phone. Despite this change,
clinicians felt their comfort level would improve with more
experience, and as RPMs aligned with their workflows[7]. An
opportunity to improve clinician confidenceincludes continuing
educational tutorialsfrom theinitial RPM orientation and more
technical and clinical support for both patients and clinicians.
These effortswould facilitate aligning clinician workflowswith
clinical practice, thus leading to reduced stress and improved
job satisfaction when caring for oncology patients using RPM

[71.

Another challenge was patient constraints and their lack of
understanding of RPM, which clinicians suggested might
contribute to their uncertainty in digital symptom management
reporting. Some patients completed surveys late in the clinic
hours making it difficult to address symptoms. In many
instances, clinicians reported that family members completed
the surveysinstead of the patients which raised concerns about
the integrity of the symptom alerts. Further research could
enhance the understanding of logistical limitations involving
patients and caregiverswith completing postdischarge symptom
assessments at home. A similar study recommended that
concerns revealed by patients and caregivers postdischarge
could beincluded in future clinical outcomes[37]. Additionally,
the timeframe for enrolling patients in RPM was another
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congtraint identified by clinicians. Although older patientswere
comfortable using the RPM [38,39], enrollment at discharge
was considered suboptimal. They suggested educating patients
in a relaxed environment or office practices before
hospitalizations would benefit patients and improve the
enrollment process.

A major opportunity for RPM improvement involves addressing
repetitive adertsfrom the daily ePRO assessments, also identified
in other ePRO studies[23]. Clinicians verify all patient-reported
symptom alerts. When prior symptoms are stable, these alerts
could be averted to reduce their workflow burden [40,41]. To
enhance effective communication with the patients, clinicians
recommended adding context about symptom changes relative
to the prior day’s ePRO assessment to improve the integrity of
alerts.

The perspectives of al clinicians involved in this study
expressed a need for additional resources to improve the
effectiveness of RPM and their ability to clinically support it.
The RPM was initially implemented using a core team of
designated clinicians for addressing patient alerts. Studies of
RPM cited the inclusion of core teams for this purpose which
may be a preferred approach for cliniciansin other studies[42].
However, clinicians in this research preferred a hybrid RPM
program with primary care clinicians in the clinical practices
addressing alerts on weekdays and centralized after-hours and
on weekends. Clinicians proposed that |eaders provide consistent
status updates and education about RPM functionality through
tutorial videos in an accessible location. Additional
technological support could improve datacollection and relieve
clinicians of the burden of providing technical support for
patients at home[41,42], which isnot the best use of their skills
[43].

Mazzella-Ebstein et al

Strengthsand Limitations

The consistent reports from survey responses and interviewed
clinicians strengthen the study’ sfindings and provide pragmatic
recommendations for workflow redesign and enhancing access
to care for oncology patients postdischarge [1,2,7,31], As a
result of this study, selected modifications were implemented
into practice to improve the program’s experience for both
clinicians and patients. These results provide important
foundational work for future pragmatic trialsand implementation
science to enhance the usability and value of RPM in oncology
practice.

The samplewas limited to only clinicianswho had experiences
with at least 5 patients enrolled in the RPM, but typical for case
studies [13-18]. They expressed strong positive or negative
experiences with the RPM which may have created a selection
bias. The study’s design was multi-modal which could have
included both interviewer and report biases. Clinicians were
also employees of the organization and therefore specific
demographics were not collected to ensure their anonymity.
This study was conducted at one comprehensive cancer center,
limiting the generdizability of results. However, the perspectives
of clinician end users from oncology services with known
symptom burdens can apply to similar RPM implementation
initiatives in other organizations worldwide.

Conclusion

The National Cancer Ingtitute calls for studies about
cancer-related interventions, which also include program
effectiveness from the perspectives of both patientsand clinician
end users [44]. This study contributes to the National Cancer
Ingtitute’s initiatives, demonstrating that RPM is a valuable
method for communicating with clinical providersand managing
patient symptoms during transitions of care from inpatient to
the home setting.
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Abstract

Background: Only 15% of the nearly 30 million Americans with hearing loss use hearing aids, partly due to high cost, stigma,
and limited access to professional hearing care. Hearing impairment in adults can lead to social isolation and depression and is
associated with an increased risk of falls. Given the persistent barriers to hearing aid use, the Food and Drug Administration
issued afinal ruleto alow over-the-counter hearing aids to be sold directly to adult consumers with perceived mild to moderate
hearing loss at pharmacies, stores, and online retailers without seeing a physician or licensed hearing health care professional.

Objective: We evaluated the safety and usability of an over-the-counter hearing aid prior to Food and Drug Administration
approval and market release.

Methods: We first conducted a formative usability test of the device and associated app with 5 intended users to identify
outstanding safety and usability issues (testing round 1). Following design modifications, we performed a summative usability
test with 15 intended users of the device (testing round 2). We concurrently conducted atest with 21 nonintended users (ie, users
with contraindications to use) to ascertain if consumers could determine when they should not use the device, based on the
packaging, instructions, and labeling (testing round 3). Participants were asked to complete 2 - 5 tasks, asif they were using the
hearing aid in real life. After each task, participants rated the task difficulty. At the end of each session, participants completed
a 10-question knowledge assessment and the System Usability Scale and then participated in debriefing interviews to gather
qualitative feedback. All sessionswere video recorded and analyzed to identify use errors and design improvement opportunities.

Results: Usability issues were identified in al 3 usability testing rounds. There were minimal safety-related issues with the
device. Round 1 testing led to several design modifications which then increased task successin round 2 testing. Participants had
the most difficulty with the task of pairing the hearing aids to the cell phone. Participants also had difficulty distinguishing the
right and left earbuds. Nonintended users did not always understand device contraindications (eg, tinnitus and severe hearing
loss). Overall, test findings informed 9 actionable design modifications (eg, clarifying pairing steps and increasing font size) that
improved device usability and safety.

Conclusions: This study evaluated the usability and safety of an over-the-counter hearing aid for adults with mild to moderate
hearing loss. Human factors engineering methods identified opportunities to improve the safety and usability of this
direct-to-consumer medical device for individuals with perceived mild-moderate hearing loss.

(IMIR Hum Factors 2025;12:€65142) doi:10.2196/65142

KEYWORDS

usability; human factors; patient safety; over-the-counter hearing aids; direct-to-consumer hearing aids; medical device; hearing
loss; adult; hearing impairment; hearing aid use; hearing care; formative usability test; safety; mobile phone

million American adults could benefit from hearing aid use[2].
Hearing loss is associated with an increased risk for falls [3]

Approximately 1 in 4 people older than 12 years of age in the and may lead to cognitive decline [4] and dementia [5]. Yet,

United States have hearing loss in 1 or both ears [1], and 30 only 1in 3 older adults [6] and 15% of all adults with hearing
' loss use hearing aids [7]. Some barriers preventing adoption
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include lack of access, stigma, and financial challenges with
traditional hearing aids costing between US $1000 and US
$6000 per ear [8]. Aiming to mitigate these barriers, the Food
and Drug Administration (FDA) issued afinal rulein 2022 [9]
permitting the sale of hearing aid devices without a prescription
or medical exam. Yet, there are few studies of the usability and
safety design challenges of over-the-counter medical devices
intended to be sold widely in consumer markets.

Over-the-counter or direct-to-consumer medical devicesdo not
require a prescription and can be sold at retail outletsincluding
pharmacies, big-box stores, and online. Examples include
self-monitoring blood glucose test systems and at-home
pregnancy tests. Typically used outside of health care settings,
these devices must have (1) low potential for misuse; (2) benefits
that outweigh their safety risks; and (3) sufficient labeling so
that lay-users can self-diagnose their condition, self-determine
that the deviceisappropriate for their condition, and understand
how to use the device without clinician assistance or instruction
[10]. To minimize use errors and their associated risks, the FDA
requires premarket review of the safety and effectiveness for
most direct-to-consumer medical devices. Thisreview process
includes rigorous human factors usability testing with
representative usersto validate that the warnings, cautions, and
contraindications are transparent, assess if users can complete
critical tasks of the device, and identify areas of foreseeable
misuse (including use of the device by unintended users) [11].

Numerous studies have evaluated the safety and usability of
clinician-facing medical devices(eg, smart intravenousinfusion
pumps) [12-15], as well as patient-facing medical devices (eg,
glucometers, ventilators, and epinephrine injectors) [16].
Typically, clinicians still mediate the use of these patient-facing
medical devices either by providing a prescription to use the
device or instructions on how to use the device appropriately
[17]. Thereremainslimited research on the safety and usability
of direct-to-consumer medical devices, especialy those used
by underserved populations (eg, people with hearing
impairment) [18-20].

Compared to clinician-facing medical devices, patient-facing
devices present a challenge to designers as the potential
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environment of use and characteristics of end users is much
more diverse [16]. The usability of direct-to-consumer devices
is especially important given the lack of clinical supervision to
support appropriate use. For instance, over-the-counter hearing
aids will be on the shelf at consumer electronics stores next to
other, nonmedical devices (eg, wireless headphones) and
consumers may come across the device without previously
identifying a need for a hearing aid. While the risk isminimal,
use of hearing aids by those with normal hearing could result
in noise-induced hearing loss. In this context, the packaging of
the device and communication of its intended use (and
contraindications to use such as an ear infection, tinnitus, or
severe hearing loss) is especialy important. In this study, we
evaluated the safety and usability of an over-the-counter hearing
aid among adultsin the United States.

Methods

Ethical Consider ations

We conducted usability testing of an over-the-counter hearing
aid to evaluate the safety and usability of the device prior to
market release. This study was approved by the Vanderbilt
University Medical Center’singtitutional review board (201894).
At the start of each session, we reviewed the consent document
with participants and answered any questions they had. All
participants provided written consent to be in the study. Data
have been deidentified.

Hearing Aid

We eval uated the Jabra Enhance Plus (formerly called the“ Jabra
Elite” during the study), an over-the-counter hearing aid that is
intended to enhance hearing but can also be used for phone calls
and listening to music. Users can purchase these hearing aids
at asuggested retail price of US$799 per pair. The hearing aids
are physically similar to wireless earbuds with adjustable ear
gels. Users can pair them to asmartphone and personalize their
own hearing aid profile using a free smartphone app (ie, Jabra
Enhance app). The miniaturized in-the-ear style earbuds (see
Figure 1) comein asmall charging case and can be used up to
12 hours on asingle charge.
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Figure 1. Front and back of the device box.
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Participants and Setting

We conducted usability testing with production equivalent
prototype devices (ie, packaging, hearing aids, charging case,
and user manual) including an iPhone with the Jabra Enhance
app installed. We only used iPhonesin the usability testing since
the Jabra Enhance app was only available for iPhones at the
time of testing. We recruited two participant populations for

Textbox 1. Eligibility criteriafor intended and nonintended users.

Salwei et al

" EOH 150 YEAKS

Understand speech in

nolsy environments hearing

Up to' 6 hours
battery, 18with
charging case

Mintatureized, discreet
earbud design

the study, (1) intended users of the device and (2) nonintended
users (Textbox 1). Weidentified potential participants meeting
our study criteriathrough medical record chart review, university
newsletters, and word of mouth. Eligible participants conducted
aprescreening questionnaire, via phone call or email, to verify
they met the inclusion criteriafor the study before scheduling.
The testing occurred from December 2020 to August 2021.

Intended users (adults aged 18+) with:

«  Mild to moderate hearing impairment

Nonintended users (adults aged 18+) with:
« Normal hearing,

«  Severeto profound hearing impairment, and/or

« Acute conditions including tinnitus, dizziness, ear infections, and ear pain

Intended Users

To start, we conducted usability testing with 5 intended users
of thedevice. Based on the saf ety and usability issuesidentified
in the testing round (round 1), we made recommendations for
modificationsto the device packaging and app screens. Wethen
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conducted round 2 of usability testing of the revised product
with 15 intended users. In each usability testing session,
participants were asked to complete 5 tasks (see Textbox 2)
within 90 minutes. Participants received a US $50 gift card at
the end of the session.
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Textbox 2. Task descriptions.
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Tasksfor intended users (rounds 1 and 2)
« Read outer label and indicateif use is appropriate
o Setup the hearing aids and app including

«  Find and open hearing aid app

« Register product and accept terms and conditions
«  Pair the hearing aids

o  Finalize the set up of the hearing aids

«  Fitthehearing aidsinto ear

«  Recharge the hearing aids

«  Cleanthe hearing aids

Tasksfor nonintended users (round 3)

« Read outer label and indicateif use is appropriate

« Read theinner box contents (note that the inner box contents were available to the participants, but they did not receive explicit instructions on

how to read them) and indicate if use is appropriate

Nonintended Users

We conducted a third round of usability testing with 21
nonintended users of thedevicesto evaluate if consumers could
ascertain that they should not use the device based on the
external and internal labeling, user manual, and app screens.
We recruited participants who were contraindicated to use the
deviceincluding adults with normal hearing, adultswith severe
to profound hearing loss, and adults with tinnitus or severe
dizziness. Round 3 participants were schedul ed for a30-minute
test session, in which they were asked to complete 2 tasks (see
Textbox 2). Participants received a US $20 gift card at the end
of the session.

Data Collection

We conducted functional simulated use studies with end users
completing real-world tasks. One human factors engineer
facilitated the sessions. In linewith real-world use of the device,
participants received no training prior to testing. We read task
instructions out loud while displaying the same instructions on
a computer monitor with closed captioning. Participants were
directed to complete 5 (rounds 1 and 2) or 2 tasks (round 3, see
Textbox 2). After each task, participants rated how easy or
difficult the task was to complete on a scale from 1 (very
difficult) to 5 (very easy). After all tasks were completed, we
asked intended and nonintended users 10 questions to assess
their knowledge of the device and its contraindications for use
(see Multimedia Appendix 1). Participants then completed the
System Usability Scale (SUS), a 10-item validated survey for
assessing the usability of interactive systems [21] (see
Multimedia Appendix 2). To conclude the session, we conducted
debrief interviews to gather additional qualitative feedback
about the safety and usability of the device. Theinterview guide
can be found in Multimedia Appendix 3. All sessions were
video recorded and uploaded to Morae (TechSmith), a software
suitefor usability testing that supports video annotation (eg, of
use errors) and logging of tasks.

https://humanfactors.jmir.org/2025/1/65142

Data Analysis

One researcher coded the videosin Morae, annotating areas of
difficulty, confusion, safety-related issues, and errors. We
analyzed the participant’s path (ie, steps) through the attempted
completion of each task. Any deviation that occurred in the
attempt to complete the task (eg, participant clicks on an
incorrect menu item or participant struggled to get the user
manual out of the box) was coded as a “use error.” For task 2,
we specifically noted any instances where participants
workflow deviated from the expected workflow (see steps in
Textbox 2). We analyzed the time spent on each task and if the
tasks were (1) completed, (2) completed with difficulty, or (3)
not completed (task failure). We then cal cul ated the task success
rate. A task was only scored as asuccessif the user was ableto
complete the task requirements on their own without facilitator
assistance. We calculated participants’ rating of difficulty for
each task and the SUS scores. One researcher listened to the
audio recording of each debrief interview and created a
comprehensive list of feedback (eg, longer battery life)
organized into two categories (1) what participants liked about
the device and (2) areas for improvement. A team of human
factorsresearchersreviewed all identified errors and participant
difficulties compl eting tasksto devel op design recommendations
to improve the device, app, and packaging prior to market
release. We mapped each design recommendation to specific
human factors design principles, using the list of design
heuristics described in Barton et a [22], which combined the
commonly used heuristics for medical device design [23],
interactive systems[24], and medical documents[25].

Results

Overview

Table 1 shows the participant demographics for each round of
usability testing. Table 2 depicts the task success rates, number
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of use errors, task durations, and difficulty ratingsfor eachtask  While we identified minimal safety concerns with the device,

and round of usability testing.

we identified numerous usability issues, which led to severa
design modifications. We outline the key issuesidentified from

Salwei et &

the usability testing in the following sections.

Table. Participant demographics for each usability testing round.

Round 1 (intended users, n=5)

Round 2 (intended users, n=15)

Round 3 (nonintended users, n=21)

Hearingloss, n (%)

None or normal hearing 0(0) 0(0) 18 (86)
Mild 2 (40) 7(47) 0(0)
Mild to moderate 1(20) 2(13) 0(0)
Moderate 2(40) 6 (40) 0(0)
Severe 0(0) 0(0) 3(14)
Tinnitus (ringing in ears), n (%) 0(0) 0(0) 5(24)
Average age (years), n (range) 65 (57 - 73) 66 (56 - 79) 65 (52 - 77)
Women, n (%) 2(40) 8(53) 13 (62)
Education, n (%)
High school or Genera Education- 0 (0) 5(33) 5(24)
a Development
Associate’s or trade school 1(20) 2(13) 4(19)
4-year college 2 (40) 3(20) 7(33
Graduate or professional school 2 (40) 5(33) 5(24)
Table. Usability testing performance.
Measure and round Task 1 Task 2 Task 3 Task 4 Task 5
Task successrate, n (%)
Round 1 3(60) 2 (40) 2(40) 5 (100) 3(60)
Round 2 12 (80) 10 (67) 7(47) 15 (100) 10 (67)
Round 3 10 (48) 10 (48) _a — —
Average task duration (minutes), mean (SD) b
Round 1 0.72(0.3) 9.33(0.5) 1.37 (0.6) 0.50 (0.2) 1.08 (1.1)
Round 2 0.83(0.5) 11.24 (4.0) 2.21(0.9) 0.67 (0.6) 0.95 (0.8)
Round 3 — — — — —
Average difficulty rating, mean (SD) °©
Round 1 4.6 (0.5) 34(L2) 42(0.8) 5 (0) 5 (0)
Round 2 4.87 (0.4) 3.27 (1.4) 3.73(1.2) 453(0.8) 4.67 (0.6)
Round 3 4.71(0.6) 4.43(0.9) — — —
Number of useerrorsper participant, n
Round 1 0 4 0 0 0
Round 2 0 4.9 0.5 0.6 0
Round 3 0 0.7 — — —

@Not applicable.
bOnIy includes times for participants who successfully completed the task.
CScale from 1to 5 (1=very difficult, 5=very easy).
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Package L abeling

Overall, wefound minimal safety issueswith the set up and use
of the device across al 3 rounds of testing. The one issue that
presented potential, albeit minimal, concerns to safety was
related to the accessibility of intended use and contraindications
to use of the device. We found that the font size and color on
the outside of the box made the intended use of the device hard
to see and read (right side of Figure 1). Few participants saw
or read this information on the box, and several participants
indicated that they would not know the device was a hearing
aid based on the outside of the box, stating “ to know they are
hearing aids, off the bat, | would have walked right by them.”

A total of 3 participantsin usability testing rounds 1 and 2 failed
task 1 (read outer label) since they could not determineif it was
appropriate for them to use the product based on the outside of
the box. Weidentified the same problem with nonintended users
of the device, with over half of the participantsin round 3 stating
that they did not know that the device was a hearing aid from
the labeling on the outside of the box. All 3 of the participants
with severe hearing loss and 3/4 of participants with tinnitus

https://humanfactors.jmir.org/2025/1/65142
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said (incorrectly) that the device would be appropriate for them
to use based on the labeling on the outside of the box.

Device Pairing

The primary usability challenge with the device was setting up
and pairing the hearing aids to the iPhone (task 2). Inround 1,
a total of 3 of 5 participants failed this task, and a fourth
participant had difficulty completing it. A common challenge
was that participants did not know that they needed to return to
the app to complete the hearing aid set up after pairing the
hearing aids to the iPhone. Rather, participants thought they
were done setting up the device once they followed the Quick
Guide pairing instructions (see Figure 2). The only participant
to complete the task easily followed the workflow: open the
Jabra Enhance app — pair the hearing aids using the iPhone -
return to the app to complete the set up. As a result, we
recommended design changesto the Quick Guide prior to round
2. Asshownin Figure 3, the Quick Guidewasrevised to inform
users to first go to the Jabra Enhance app before pairing the
hearing aids to the phone. We further emphasized that users
should return to the Jabra Enhance app after pairing to finish
set up.
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Figure 2. Quick guide instructions (December 2020 version—round 1 testing).
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Figure 3. Quick guide (February 2021 version—round 2 testing).
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Q@ To continue setup of your earbuds, return to the Jabra Elite app.

Following these design changes, task 2 success rate increased
from 40% (2 out of 5inround 1) to 67% (10 out of 15in round
2). Yet, there were still severa use errors during pairing and
setting up the earbuds in round 2. For instance, 2 (13%)
participants did not understand that they needed to go to an app
to set up the earbuds. Severa participants had trouble reading
the Quick Guide instructions as the text was too small (see
Figure 3). A total of 3 participantsdid not know what to do after
pairing the earbuds to the phone. Findly, it was unclear to

https://humanfactors.jmir.org/2025/1/65142
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participants which section of the iPhone settings to use to pair
the hearing aids. Some participants had difficulty finding the
“Accessibility” section in the iPhone's system settings, and
some participants then went to the “Bluetooth” rather than the
“Hearing Devices’ section to pair the hearing aids.

Distinguishing the Right and L eft Earbud

Participants had difficulty determining which earbud was for
theright versustheleft ear. Several participants stated that they
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saw a“R” and “L" on the charging case, but not on the earbuds
themselves. For instance, one participant stated, “ so, there's
not aright and aleft?’ while another participant said, “ | don’t
see a left and right, they don't indicate that right?” Some
participants were eventually able to identify the “R” and “L”
markings on the earbuds stating,

Ah, there’'san R on the end, that’s really hard to see.
I’d make that bigger...yeah that’s really hard to see.

Theinability to distinguish theright from theleft earbud resulted
in several use errors, including difficulty placing the earbuds
in the ears and difficulty placing the earbuds back in the
charging case.
User Manual

The user manual contained information about the intended use
and about most of the hazards of device use. The location of

https://humanfactors.jmir.org/2025/1/65142
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the user manual at the bottom of the box led to several use
errors. Several participants were not able to find the manual.
Finding the user manual was challenging since the text “User
manual” was partially covered by the cardboard insert (see
Figure 4). One participant said,

it's kind of hidden though...that’s a little deceiving
maybe, because | would have looked at thisfirst.

Another participant asked, “ Where arethedirections?’ Intotal,
5 (33%) participants, all of whom identified the user manual,
struggled to get it out of the box. Several more participants
never took the manual out of the box; it is possible that these
participants could not find the manual but did not verbalizethis.
Additionally, in round 1 testing, we found that there was not an
entry in the table of contents to indicate on which page the
“intended use” and “health and safety information” was within
the user manual. This was corrected prior to round 2.
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Figure 4. User manual cutout in box.

Sawei et al

Product Design

Overall, participants were very positive about the device. They
liked the size and design of the charging case (eg, small and
easy to put in a pocket or purse), and they liked that the device
was rechargeable, and thus did not require batteries. Participants
liked the sleek and modern looking design stating, “ it feels
high-end” and said that the hearing aids were easy to placein
their ears. They appreciated the different sized ear gels and the
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magnets that assured that the earbuds clicked into the correct
charging position in the case. Participants were excited that they
could purchase the device “off-the-shelf” and stated it would
be helpful to use when they were in crowded rooms. Despite
observed difficulties with setting up and pairing the hearing
aids to the iPhone (task 2), participants reported that the app
was easy to use. Finally, participantsliked that they could adjust
the hearing aids’ settings on their phone.
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Participants recommended several areasfor improvement. Most
participants desired alonger battery life (which was 6 h at the
time of testing) so that they could wear the hearing aids all day
without needing to recharge them. They al so recommended that
technical terms be better explained in the manual and on the
box. One participant recommended that the hearing aids come
in more discreet colors (ie, skin colored) instead of black.
Participants recommended some modifications to the front of
the box saying,

it should have more on the front about like if it's
better for a noisier environment or something,
because I'd be more likely to use it if it said, “ will
improve your hearing in a crowded environment”

Table. Knowledge assessment (percent correct answers).

Salwei et &

because | have a very hard time hearing when there
is background noise.

Some participants also found the contrast of white and red text
on agray background hard to read.

Knowledge Assessment

Table 3 details the scores for each of the 10 knowledge
assessment questions acrossall 3 rounds of testing. Participants
who used the user manual performed better overall compared
to those who did not access or refer to the user manual. The
user manual appeared to help the most on question 9—whether
someone who had a recent episode of dizziness should use the
earbuds.

# Question topic Round 1 (n=5), n (%)? Round 2 (n=15), n (%)°  Round 3 (n=21), n (%)°
1 Tinnitus 1(20) 13(87) 13 (62)
2 Sinusinfection 0(0) 15 (100) 15(71)
3 Severe hearing loss 4 (80) 8(53) 5(24)

4 Rapid hearing loss 1(20) 11(73) 11 (52)
5 Preference for earbuds 1(20) 12 (80) 15(71)
6 Laryngitis 3(60) 4(27) 7 (33

7 Sorein ear 5 (100) 13(87) 17 (81)
8 Ear wax 3(60) 12 (80) 11 (52)
9 Dizziness 4(80) 9 (60) 11 (52)
10 Ear infection 5 (100) 15 (100) 21 (100)

8Average percent correct: 50%.
PAverage percent correct: 75%.
CAverage percent correct: 60%.

Design Recommendations

Based on the identified usability issues, we recommended 9
design changes to the earbud system and its packaging (Table
4). We rated these recommendations as “high,”“ medium,” or
“low” priority. A total of 4 of the proposed changes (items 1,

https://humanfactors.jmir.org/2025/1/65142

2, 3, and 7 in Table 4) were implemented prior to subsequent
testing rounds and al but 2 (items 4 and 5) were implemented
prior to initial product release. Each design recommendation
corresponds to a human factor’s design principle (descriptions
of the design principles can be found in Barton et a [22]).
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Table. Design recommendations derived from the results of 3 rounds of usability testing.
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# Priority Addressed before Addressed before
round 2 testing? product rel ease?

Design recommenda-

tion

Corresponding human
factors principle

1 High Yes Yes

2 High Yes Yes

3 High Yes Yes

4 High No No

Increase the font
size of thetext in
the Quick Guide

Revise the Quick
Set-up Guide and
user manual to
clearly show the
following steps:

Download
Jabra Enhance
app from app
store

Open the
Jabra Enhance
app (show apic-
ture of the app)

Register and
set up the hearing
aidsfollowingthe
steps on the app

Pair the hear-
ing aids with the
iPhone (show pic-
turesto show the
steps of going to
settings > accessi-
bility > hearing
devices), select
“New Hearing
Aid’” device, ac-
cept both pairing
requests

Returntothe
Jabra Enhance
app (show picture
of returning to
app)

Add asectionin
the user manual’s
table of contents
for “Intended use
and warnings’

Add ascreenin
the app that lists
the contraindica-
tions of use (eg,
severe hearing
loss, tinnitus, and
dizziness). This
could be a screen
after the registra-
tionin the app
that participants
acknowledge they
understand rea-
sons they should
not use the de-
vice.

Readability (font and
capitalization)

Organization (order)

Organization (naviga-
tion tools)

Content (emphasis)
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# Priority Addressed before Addressed before Design recommenda-  Corresponding human
round 2 testing? product release? tion factors principle
5 Medium No No « Increasethefont Readability (font and

size of text about  capitalization)
contraindications

and intended use

on the outside of

the box.

6 Medium No Yes o Moreclearlyindi- Content (clarity of
cate on the box content)
that the deviceis
to support those
with hearing loss.

It may be helpful
to add the below
text from the user
manual, page 1,
somewhere onto
the outside of the
box:

“This product may
help you, if you:

. Strainto follow
conversationsin
both quiet and
noisier environ-
ments

. Missimportant
information dur-
ing conversations

. Have trouble
hearing at adis-
tance

. Have trouble

understanding the
television or tele-
phone calls’

7 Low Yes Yes » Revisetheapp Comprehensibility
name and other (terminology)
aspectsin the app
and user materials
to have aconsis-
tent term for the
Jabra earbuds, for
example, “Jabra
Elite,” “ Jabra ear-
buds,” and “Jabra
hearing aid.”

8 Low No Yes « Makethecut-out Readability (layoutand

inthewhitebox  position)

bigger so that the

entire“User Man-

ual” text can be

seen (Figure 4),

and add text direct-

ing users that the

user manual isun-

der thewhite box.

Could say “User
Manual” with an
arrow pointing
below the box.
9 Low No Yes
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# Priority Addressed before

round 2 testing?

Addressed before
product release?

Design recommenda-
tion

Corresponding human
factors principle

« Addanoteonthe
“manual pairing”
page of the user
manual that partic-
ipants should re-
fer to the “first
time use” section
if itistheir first
time setting up
thedevice: “if this
isthefirst-time
use, please refer
to page X"

Organization (naviga-
tional tools)

Device Packaging

We recommended that the warnings and intended use
information on the outside of the box be better emphasized (eg,
larger font size and more color contrast) to ensure appropriate
use. Dueto participants’ difficulty finding the user manual and
getting it out of the bottom of the box, we recommended placing
the user manual on thetop so the user sees and touchesit before
accessing the product. This could improve safety as the user
manual contains most of the warnings and intended use
information about the device.

Pairing the Device

To better support the pairing of the device to the smartphone,
we recommended that the Quick Guide be revised. Despite
modifications after round 1 testing, participants still could not
read or follow the Quick Guide instructions due to the small
text size. We recommended that the font sizein the Quick Guide
be significantly increased given the older population intended
to use this device. We a so recommended modifying the Quick
Guide to clearly outline the pairing steps (eg, go to “ Settings’
then “Accessihility” then “Hearing devices’). As participants
did not know to return to the app to compl ete set up after pairing
the earbuds to the iPhone, we recommended that the steps in
the Quick Guide be more clearly sequentially marked (eg, 1, 2,
3..0rabc,..).

Discussion

Principal Findings

In this study, we evaluated the safety and usability of an
over-the-counter hearing aid for people with mild to moderate
hearing loss. We conducted usability testing with 20 intended
and 21 nonintended users of the device. Weidentified numerous
usability issues hindering the optimal use of the hearing aid,
and generated design recommendations to mitigate use errors
and improve the overall design of the device.

Thiswork expands our understanding of the safety and usability
of novel, over-the-counter hearing devices[18,26]. Overall, we
found minimal safety-related issueswith thedevice. The primary
safety risk is that the diagnosis and treatment of a serious
condition, such as sudden deafness due to infection, may be
delayed dueto the lack of medical screening prior to the device
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use[27]. Consistent with this, the main challenge we found was
related to the lack of understanding by nonintended users,
including those with tinnitus and severe hearing loss, that they
should not usethe device. Thisissue underscorestheimportance
of ensuring that device contraindications and safety warnings
are clearly displayed and legible, preferably on the outside
packaging. Further, redundant messaging should be
incorporated; we recommended a verification dialog in the
phone app during device set up to ensure that users understood
device use contraindications.

Usahility testing identified numerous usability issues with the
device, which largely related to violations of human factors
design principles. Some examples of violations of the principle,
readability (font and capitalization), were the small font size of
the contraindications on the outside of the box, the Quick Guide,
and the markings of “L” and “R” on the hearing aids. We also
identified issues with comprehensibility (terminology), as the
device was referred to by different terms (eg, “Elite” and
“Rogue’) throughout the packaging and app. Based on our
design recommendations, there were significant improvements
inthe usability of the device between the testing rounds. Human
factors design principles [23,24], including those developed
specifically for patient-facing medical documents [22,25],
should beincorporated into the design of patient-facing medical
devices. In hearing care, specific design guidelines for older
adults (eg, use 12-14 pt font sizes, write in third-sixth grade
level) [28] should be followed to maximize the ease of use of
these devices given the substantial diversity in patients’ physical
and cognitive attributes and abilities, experience, and
background.

We observed appreciabl e tension between the goals of designing
for safety and designing for ease of use, aesthetics, and
marketability. For instance, from a safety perspective, the
device's contraindications for use (eg, tinnitus) should have
been displayed in alarge font such that they covered much of
the back of the box. However, this would not be aesthetically
appealing and there were concernsthat it would deter customers
from purchasing the device. Similarly, from a safety perspective,
we recommended adding a hard stop in the app setup to ensure
that the user understood the intended use of the device.
However, this would have decreased the ease of pairing the
earbuds to the phone. With over-the-counter medical devices,
both product safety and aesthetic appeal areimportant [16] and
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it can be challenging to achieve both concurrently resulting in
trade-off decisions. For deviceswith greater safety risks, safety
should be prioritized.

We found that participants were excited about an
over-the-counter hearing aid and appreciated this product’s
design attributes. Similar to prior studies [18,26], participants
liked the earbuds’ discreet size and form factor, which made
hearing aid use less obvious, especialy given the growing
general use of earbuds for listening to music or talking on the
phone. Participants also liked that the device did not require
batteries and that it had a small carrying case that could easily
fit in a pocket or purse. Our study identified excitement about
the device from theintended user population, which may result
in increased access to and use of hearing aids.

We uncovered challenges in conducting usability testing with
nonintended users of the device. One goal of the FDA device
approval process is to identify areas of foreseeable misuse
including use of the device by unintended users[11]. Thisisa
unigue issuewith over-the-counter devices, asthereisno clinical
mediation to ensure appropriate use. During testing, we found
that only 50% of nonintended userswere able to determine that
they should not use the hearing device. While the design of the
device and packaging likely contributed to this, another
challenge is that participants may have assumed they should
use the device since they were recruited to participate in the
study. In essence, participants may have been “tricked” into
thinking they should use the device dueto the nature of usability
testing. Future research should explore additional methods or
approachesfor dliciting information from nonintended users of
over-the-counter medical devices.

Another limitation of this study is that the findings are based
on users interaction with the device over only a short period
of time; it is possible that as users learn to use the device, ease
of usewould increase or alternatively, new usability issues may
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emerge over prolonged use that we did not observe. We only
used iPhones for testing and some of the participants were
Android users. Despite diversity in participants age, hearing
ability, comfort with technol ogy, and education level, our sample
may not have included the full range of end user cognitive
abilities, experiences, and backgrounds. Inthereal environment
of use, older adults may rely on adult children or other family
members to assist with device pairing and set up; our study
highlightsthe usability issues encountered by ol der adults setting
up the device on their own, without assistance. We a'so did not
test actual use of the hearing aid to enhance participant hearing
so we cannot draw conclusions on the function of the hearing
aid technology. Future studies should evaluate the use of the
hearing aid in the real environment over timeto determineif it
supports users' needs. There is increasing evidence, however,
demonstrating efficacy of over-the-counter hearing aids in
comparison to prescriptive devices [29,30].

Conclusions

This study describes the safety and usability of an
over-the-counter hearing aid for adults with mild to moderate
hearing loss. Based on the usability testing, we proposed human
factors design recommendations to enhance the usability and
safety of the device. For instance, the intended user group and
contraindications for use (eg, tinnitus) should be clearly
displayed on the outside of the box, as well as throughout the
set up materials. Clear step-by-step guidelines should be
available to support user set up and pairing of the device. We
identified challenges to the design and testing of
direct-to-consumer devices. As the population ages and
technologies continue to pervade every aspect of our lives, the
direct use of medical devices by laypersons will continue to
expand. This study laysthe foundation for future studies on best
practices for the user interface design of direct-to-consumer
medical devices.
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Abstract

Background: Fallsinhospitalized patients are a serious problem, resulting in physical injury, secondary complications, impaired
activities of daily living, prolonged hospital stays, and increased medical costs. Establishing a fall prediction scoring system to
identify patients most likely to fall can help prevent falls among hospitalized patients.

Objectives. This study aimed to identify predictive factors of fallsin acute care hospital patients, develop a scoring system,
and evaluate its validity.

Methods: This single-center, retrospective cohort study involved patients aged 20 years or older admitted to Shizuoka General
Hospital between April 2019 and September 2020. Demographic data, candidate predictors at admission, and fall occurrence
reports were collected from medical records. The outcome was the time from admission to a fall requiring medical resources.
Two-thirds of cases were randomly selected as the training set for analysis, and univariable and multivariable Cox regression
analyses were used to identify factors affecting fall risk. We scored the fall risk based on the estimated hazard ratios (HRs) and
constructed afall prediction scoring system. The remaining one-third of cases was used as the test set to evaluate the predictive
performance of the new scoring system.

Results: A total of 13,725 individuals were included. During the study period, 2.4% (326/13,725) of patients experienced afall.
In the training dataset (n=9150), Cox regression analysis identified sex (male: HR 1.60, 95% CI 1.21 - 2.13), age (65 to <80
years: HR 2.26, 95% CI 1.48 - 3.44; 280 years: HR 2.50, 95% CI 1.60 - 3.92 vs 20-<65 years), BMI (18.5 to <25 kg/m2 HR
1.36, 95% CI 0.94 - 1.97; <18.5 kg/m?: HR 1.57, 95% CI 1.01 - 2.44 vs =25 kg/m?), independence degree of daily living for
older adults with disabilities (bedriddenness rank A: HR 1.81, 95% CI 1.26 - 2.60; rank B: HR 2.03, 95% CI 1.31 - 3.14; rank
C: HR 1.23,95% CI 0.83 - 1.83 vsrank J), department (internal medicine: HR 1.23, 95% CI 0.92 - 1.64; emergency department:
HR 1.81, 95% Cl 1.26 - 2.60 vs department of surgery), and history of fallswithin 1 year (yes: HR 1.66, 95% Cl 1.21 - 2.27) as
predictors of falls. Using these factors, we developed afall prediction scoring system categorizing patients into 3 risk groups.
low risk (0-4 points), intermediate risk (5-9 points), and high risk (10-15 points). The c-index indicating predictive performance
in the test set (N=4575) was 0.733 (95% CI 0.684 - 0.782).

Conclusions: We developed a new fall prediction scoring system for patients admitted to acute care hospitals by identifying
predictors of fallsin Japan. This system may be useful for preventive interventions in patient populations with a high likelihood
of falling in acute care settings.

(JMIR Hum Factors 2025;12:€58073) doi:10.2196/58073

KEYWORDS
fals; inpatient falls; acute care hospital; predictive factor; risk factors

the Ministry of Health, Labour and Welfare of Japan revealed
that patients aged 75 years or older accounted for 41.5% of all

In 2022, the proportion of the population aged 65 yearsor older ~ PalieNts admitted to acute care hospitals[2]. Given the trend in
in Japan reached a record high of 29% [1]. A 2017 survey by population aging, it is projected that the number of older adult

Introduction
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patients with a high risk of falling will further escalate in the
future. Falls are not limited to older adults, and falls in
hospitalized patients can lead to severe physical injuries,
secondary complications, amarked declinein activitiesof daily
living (ADL), and even death in extreme cases[3,4]. Therefore,
fall prevention has become animportant issueto protect patients
lives and quality of life [5].

Interventions for fall prevention must be strategically targeted
to populationswith ahigh risk of falling during hospitalization.
Furthermore, previous studies have emphasized the importance
of patient exercisetherapy [6,7] and education for both patients
and health care providers in fall prevention [8-12]. Educating
patients about the risks of falls and strategies to mitigate these
risksiscrucial in reducing the incidence of fallsin hospitalized
patients. To effectively conduct patient education, it is
imperative to construct afall prediction model for the accurate
identification of these high-risk patients. Currently, fall
prevention measuresin hospitalsincludefall prediction models
using information from el ectronic health record (EHR) systems
[13-22], as well as predictive models that analyze patient
information from EHRs and nursing records using artificial
intelligence [15,23]. Here, we present several fall prediction
models that can be used with EHRs [17-20]. The STRATIFY
scale [17] uses a history of falls, visual impairment, mental
status, frequency of elimination, and ability to transfer and move
as factors in a prediction model. The Morse Fall Scale [18]
includes 6 items related to a history of falls, comorbidities, use
of walking aids, intravenous fluids, ability to walk and move,
and mental status. The Medication Fal Risk Score and
Evaluation Tool [19] assesses the medication-related fall risk.
Thistool considers apatient’s use of medications as predictors,
classified according to the associated risk levels. Tago et a [20]
reported 8 predictors of fallsin people with disabilitiesin Japan:
age, sex, emergency hospitalization, admission to neurosurgery,
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use of sleeping pills, history of fals, independence in eating,
and level of independencein daily living.

Although fall prediction tools are widely used in Japanese
hospitals, existing models vary in predictors and are often
difficult to apply due to differences in facility and patient
characteristics. Many hospitals also rely on tools that lack a
strong evidence base [24,25] and are not well integrated with
EHR systems. In our clinical environment, we found it
challenging to implement existing models due to their reliance
on numerous variables that are either difficult to extract from
the EHR or unavailable. Therefore, we aimed to develop a
streamlined fall risk assessment tool that considers
facility-specific factors and can be seamlessly integrated with
EHR systems, enabling rea-time insights and more efficient
fall prevention strategies.

The purpose of this study was to identify predictive factors for
falsin patients admitted to an acute care hospital aswell asto
develop a scoring system using these factors and evaluate its
validity.

Methods

Participants and Study Design

We conducted aretrospective cohort study of patients aged =20
years admitted to Shizuoka General Hospital between April
2019 and September 2020. | npatients excluded from the study
included those not covered by the Diagnosis Procedure
Combination system, such as dental and oral surgery patients
and obstetrics and gynecology inpatients during pregnancy,
childbirth, and postpartum. In addition, inpatients lacking data
on known risk factors such as the degree of independence in
daily living for the older adultswith disabilities, bedriddenness
rank (BR), emergency admission, dietary independence,
mobility, and history of fallsin the past year were also excluded,
asillustrated in Figure 1.
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Figure 1. Flowchart illustrating the study population.

Sato et d

25,959 patients admitted to Shizuoka General Hospital
from April 2019 to September 2020.

1027 excluded

(patients aged >20 years)

24,932 inpatients aged >20 years

11,207 excluded

444 1npatients in department of dentistry oral surgery
385 mnpatients in obstetric delivery
7288 hospitalized patients with overlapping admissions
3090 inpatients with missing known risk factors
(missing data of inpatients without bedriddenness rank,
emergency hospitalization, independence in eating,

history of falls, or mobility)

Analysis
13,725 inpatients aged >20 years

Sampling data sets
9150 training data set
4575 test data set

Variables at Hospitalization as Candidate Predictive
Factors

All dataused in this study were extracted from patients’ medical
records as of February 3, 2022. Preadmission medical history
variables included dementia [5,6], Parkinson disease [7,26],
stroke [6], visual impairment (with or with no diagnosis of
glaucoma or cataracts) [4,5], history of falls [5,16,20,27], and
use of sleep medications [20,28-30]. The following variables
at admission were also collected: age [6,16,20,27], sex
[20,27,28], BMI [31-35], date of admission [20], disease name
at admission, department [20], mode of admission, ambulance
transport, consciousness disorders [16,23,28], requirement for
nursing care, good sleep condition, use of sleeping medication
[20,28,30], status of medication management, BR [20,36],
Cognitive Function Scores [5,6], ADL at admission (eating,
transferring, dressing, toilet transfer or use, bathing, level
walking, stair use, changing clothes, defecation management,
and urinary management) [17,18,20], fall assessment end points
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at admission (history of fallsor fallswithin 1 year, inability to
stand without holding on [28], impaired judgment and
comprehension, toilet assistance, and use of portable toilet),
and presence of physical restraint screening at admission.

The BR [20,36] is an official assessment tool in Japan's
long-term care insurance system [37]. The BR is an assessment
of the degree to which a person’s daily life is restricted; this
degreeismainly assessed interms of mobility in daily life, such
as whether the person is independent, in a wheelchair, or bed
bound. The Ministry of Health, Labour and Welfare ranks the
degree of BR based on evaluations by nurses and other health
care professionals according to the daily care they provide
during hospitalization, as well as on reports from family
members. The procedure for assessing BR and its reiability
have been reported [20,36].

Falls During Hospitalization as an Outcome
The primary end point was the time from the date of admission
to afall at incident level [38] 2 or higher (heresfter referred to
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as “fall”), which requires medical resources. For patients who
died during hospitalization and those who did not have afall,
the date of death or date of discharge, respectively, was used
as the censoring date. The classification of incident levels is
shown in Table S1 in Multimedia Appendix 1.

Statistical Analysis

Demographic dataand potential predictorsat the time of hospital
admission were summarized as follows. Continuous variables
are described using mean (SD) or median (range), considering
the distribution type. Categorical variables are summarized as
frequency (%). For comparisons between the groups with and
with no fall occurrence, t tests were used for continuous
variables and chi-sgquared tests for categorical variables. The
Kaplan-Meier method was applied to estimate the fall rate.

We explored predictors of falls and constructed a predictive
model using two-thirds of the total cases, randomly selected as
the training group, with the remaining one-third serving as the
validation group for the scoring system. In the training group,
predictive factors were identified using the Cox proportional
hazards model, and we calculated hazard ratios (HRs), 95%
confidence intervals (Cls), and P values. Predictive candidates
that were significant (P<.05) in the comparison of backgrounds
among patients with and with no fals, along with known
predictors, wereincluded in amultivariable model. Factorswith
P value of <.2 in this model were identified as predictors of
inhospital falls. Independence between explanatory variables
was confirmed using an absolute value of Spearman rank
correlation coefficient of >0.4. Among 2 correlated variables,
1 was chosen based on ease of collection or clinical significance;
this variable was then included in the multivariable model.
According to the identified predictive factors, a score was
created for each HR, and these scores were summed. We used
a method called “conditional inference tree analysis’ to
categorize patients into 3 groups based on their risk of falling.
This approach works by first dividing the data into 2 groups
based on their overall scores. Then, astatistical test is performed
to see whether these 2 groups are significantly different, and
the variable that shows the strongest difference (the one with
the lowest P value) is used to split the groups. This processis
repeated within each subgroup until no further meaningful
divisions can be made or the smallest group size alowed is
reached. The predictive performance of this score and the fall
risk groups in the validation group were evaluated using the
c-index.

Thesignificancelevel of the 2-tailed test was set at .05. Missing
values were not imputed in the analyses. All analyses were
performed using R (version 4.1.1; The R Foundation for
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Statistical Computing), EZR (version 1.54; Saitama Medical
Center, Jichi Medical University) [39], and IBM SPSS (version
28; IBM Caorp).

Ethical Consider ations

This study conformed to the Ethical Principles for Medical
Research Involving Human Subjects issued by the Ministry of
Health, Labour and Welfare and the Ministry of Education,
Culture, Sports, Science and Technology of Japan. Following
these guidelines, the Shizuoka General Hospital research ethical
committee determined that individual patient informed consent
was not required because we analyzed existing information in
this study, and patients were given the right to refuse
participation viadisclosure. After obtaining committee approval
(SGHIRB #2020075; January 15, 2022) and publishing the
disclosure document on Shizuoka General Hospital’s website,
the information for each individual was anonymized, and the
analysis was conducted.

Results

Patient Background and Fallsat Incident Level 2 or
Higher on Admission

From April 1, 2019, to September 30, 2020, a total of 24,932
inpatients aged 20 years or older were admitted to Shizuoka
General Hospital. We excluded 3.3% (829/24,932) of patients
not covered by the Diagnosis Procedure Combination, 29.2%
(7288/24,932) with duplicate admissions, and 12.4%
(3090/24,932) with missing known risk factors of falls.
Consequently, 55% (13,725/24,932) of patients were included
in the analysis (Figure 1).

During the observation period, defined as the length of hospital
stay (median [range]: 13 [1-271] days), 3.6% (489/13,725) of
patients experienced falls across all incident levels, of which
2.4% (326/13,725) falls were classified as incident level 2 or
higher. For this study, we used fall data meticulously managed
by the hospital’s medical safety department, ensuring accuracy
and reliability. The detailsare shownin Table S2 in Multimedia
Appendix 1. The median age (range) of the patients included
intheanalysiswas 66 (20-103) years, with 52.1% (7150/13,725)
male patients, and the median BMI (range) was22.8 (9.6 - 58.1)

kg/m?. Table S3 in Multimedia Appendix 1 shows the results
of the comparison between the backgrounds of patients in the
training and test datasets. In aunivariable analysis of thetraining
dataset (n=9150; two-thirds of the study population), we
compared patient backgrounds according to the presence of falls
(Table 1).
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Table. Patient background on admission®.

Variable With no fall (n=8934) With fall (n=216) P vaue

Age <.001
Age (years), mean (SD) 65.9 (17) 75.0 (11.5)

Age <.001
20 to <65 years, n (%) 3347 (37.5) 28 (13)
65 to <80 years, n (%) 3673 (41.1) 105 (48.6)
>80 years, n (%) 1914 (21.4) 83(38.4)

Sex, n (%) <.001
Female 4287 (48) 75 (34.7)
Male 4647 (52) 141 (65.3)

BMI <.001
BMI, mean (SD) 22.9(4.2) 21.1(3.9)

BMI <.001
<1855 kg/m? n (%) 1142 (12.8) 48(22.2)
185t0 <25 kgim?, n (%) 5363 (60) 132 (61.1)
525 kg/m?, n (%) 2403 (26.9) 36 (16.7)
Missing, n (%) 26 (0.3) 0(0)

Dementia, n (%) 927
No 8697 (97.3) 211 (97.7)
Yes 237 (2.7) 5(2.3)

Parkinson disease, n (%) .592
No 8861 (99.2) 213(98.6)
Yes 73(0.8) 3(14)

Stroke, n (%) .003
No 8121 (90.9) 183 (84.7)
Yes 813(9.1) 33(15.3)

Visual impairment, n (%) 778
No 7991 (89.4) 195 (90.3)
Yes 943 (10.6) 21(9.7)

Cognitive function score, n (%) <.001
No 7855 (87.9) 179 (82.9)
Yes 710(7.9) 37(17.1)
Missing 369 (4.1) 0(0)

Ambulancetransport, n (%) <.001
No 7432 (83.2) 156 (72.2)
Yes 1502 (16.8) 60 (27.8)

Emergency admission, n (%) <.001
Scheduled hospitaization 5528 (61.9) 74 (34.3)
Emergency hospitalization 3406 (38.1) 142 (65.7)

Department, n (%) .007
Internal medicine 4496 (50.3) 118 (54.6)
Department of surgery 4025 (45.1) 80 (37)
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Variable With no fall (n=8934) With fall (n=216) P value
Emergency department 413 (4.6) 18(8.3)

Consciousness disorders, n (%) <.001
No 8022 (89.8) 167 (77.3)
Yes 912 (10.2) 49 (22.7)

Bedriddennessrank, n (%) <.001
Rank J 5500 (61.6) 65 (30.1)
Rank A 1568 (17.6) 58 (26.9)
Rank B 526 (5.9) 34(15.7)
Rank C 1340 (15) 59 (27.3)

Eating, n (%) <.001
Independent 7067 (79.1) 107 (49.5)
Requiring assistance 1867 (20.9) 109 (50.5)

Transferring, n (%) <.001
Independent 6579 (73.6) 89 (41.2)
Requiring assistance 2355 (26.4) 127 (58.8)

Dressing, n (%) <.001
Independent 7065 (79.1) 112 (51.9)
Requiring assistance 1853 (20.7) 104 (48.1)
Missing 16 (0.2) 0(0)

Toilet transfer or use, n (%) <.001
Independent 6820 (76.3) 94 (43.5)
Requiring assistance 2099 (23.5) 121 (56)
Missing 15 (0.2) 1(0.5)

Bathing, n (%) <.001
Independent 6673 (74.7) 95 (44)
Requiring assistance 2042 (22.9) 114 (52.8)
Missing 219 (2.5) 7(3.2)

Level walking, n (%) <.001
Independent 6707 (75.1) 93 (43.1)
Requiring assistance 2107 (23.6) 122 (56.5)
Missing 120 (1.3) 1(0.5)

Stair use, n (%) <.001
Independent 6541 (73.2) 86 (39.8)
Requiring assistance 1986 (22.2) 111 (51.4)
Missing 407 (4.6) 19(8.8)

Changing clothes, n (%) <.001
Independent 6799 (76.1) 97 (44.9)
Requiring assistance 2116 (23.7) 119 (55.1)
Missing 19(0.2) 0(0)

Defecation management, n (%) <.001
Independent 7254 (81.2) 127 (58.8)
Requiring assistance 1618 (18.1) 87 (40.3)
Missing 62 (0.7) 2(0.9)
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Variable With no fall (n=8934) With fall (n=216) P value
Urination management, n (%) <.001
Independent 7243 (81.1) 126 (58.3)
Requiring assistance 1625 (18.2) 88 (40.7)
Missing 66 (0.7) 2(0.9)
History of fallswithin 1 year, n (%) <.001
No 7830 (87.6) 153 (70.8)
Yes 1104 (12.4) 63(29.2)
I nability to stand without holding, n (%) <.001
No 5318 (59.5) 53 (24.5)
Yes 3486 (39) 159 (73.6)
Missing 130 (1.5) 4(1.9)
Impaired judgment and comprehension, n (%) <.001
No 7592 (85) 157 (72.7)
Yes 1116 (12.5) 53 (24.5)
Missing 226 (2.5) 6(2.8)
Toileting assistance, n (%) <.001
No 6694 (74.9) 106 (49.1)
Yes 1795 (20.1) 99 (45.8)
Missing 445 (5) 11 (5.1)

3Between-group comparisons were made using t tests and )(2 tests for continuous and categorical variables, respectively. The P value was cal culated
using the Wald test. Bedriddenness rank J=independent or autonomous, rank A=housebound, rank B=chair, and rank C=bedridden.

Predictors of Falls

In the training dataset, univariable Cox regression analysis
compared patient backgrounds based on the presence or absence
of fallsand identified factors affecting the time from admission
to the date of fal (Table 2, left side). Correlations between
explanatory variableswere checked using Spearman correlation
coefficients, and independent explanatory variableswere entered
into a multivariable regression model. The variables were
narrowed down by applying a high absolute value of the
Spearman correlation coefficient (>0.4) (Table S4in Multimedia
Appendix 1). Among the 21 variables that were significant in
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theunivariableanalysis, 5 variables (age, sex, BMI, department,
and history of fallswithin 1 year) were not correlated with each
other. Sixteen variables (including 12 ADL-related variables,
emergency admission, and consciousness disorders) had a
correlation coefficient of 0.4 or higher. From the correlated
variables, BR was ultimately chosen. This decision was
influenced by the fact that 12 other ADL variables showed
correlation, and BR could potentially explain physical severity,
including factors such as emergency transport and impaired
consciousness. The variables were chosen based on ease of
collection or clinical significance.
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Table. Univariable and multivariable Cox regression analysis results for fall rates in the training dataset®

Sato et d

Variable (reference) and category

Training dataset (n=9150)

Univariable model Multivariable model
HRP 95% Cl P value HR 95% Cl P value

Age

1year 1.03 1.02-1.04 <.001 _c — —
Age (20 to <65 years)

65t0<80years 2.71 179-412 <.001 2.26 148 -3.44 <.001

>80 years 3.53 2.29-543 <.001 2.50 1.60 - 3.92 —
Sex (female)

Mae 1.60 121-212 .001 1.60 121-213 .001
BMI

1 kg/m? 0.92 0.89 - 0.96 <.001 — — —
BMI (225kg/m 2)

18.5t0 <25 157 1.09 - 2.27 .017 1.36 0.94 - 1.97 127

kg/m?

<185kgm? 201 1.30 - 3.10 .002 157 101 - 244 —
Ambulance transport (no)

Yes 177 1.33-236 <.001 — — —
Emergency admission (scheduled hospitalization)

Emergency hos- 1.22 0.90 - 1.64 .203 — — —

pitalization
Stroke (no)

Yes 1.18 0.81-172 .376 — — —
Bedriddennessrank (rank J)

Rank A 227 159 -3.23 <.001 181 1.26 - 2.60 .001

Rank B 293 193-445 <.001 2.03 131-314 —

Rank C 194 135-277 <.001 1.23 0.83-1.83 —
Cognitive function score (no)

Yes 1.40 0.98 - 2.01 .063 — — —
Department (department of surgery)

Internal 1.36 102-181 .034 1.23 092-164 119

medicine

Emergency de- 2.16 1.29 - 3.60 .003 181 1.26 - 2.60 —

partment
Consciousness disor der s (no)

Yes 147 1.06 - 2.03 .020 — — —
Eating (independent)

Requiring assiss  2.05 156 - 2.69 <.001 — — —

tance
Transferring (independent)

Requiring assiss  2.12 1.60 - 2.80 <.001 — — —

tance

Dressing (independent)
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Variable (reference) and category ~ Training dataset (n=9150)
Univariable model Multivariable model
HR? 95% Cl P value HR 95% Cl P value
Requiring assis-  1.88 143 -248 <.001 — — —
tance
Toilet transfer or use (independent)
Requiring assis-  2.22 1.68-293 <.001 — — —
tance
Bathing (independent)
Requiring assis-  2.10 159-278 <.001 — — —
tance
L evel walking (independent)
Requiring assis-  2.18 1.65-288 <.001 — — —
tance
Stair use (independent)
Requiring assiss  2.17 1.63-2.90 <.001 — — —
tance
Changing clothes (independent)
Requiring assis-  2.10 160-277 <.001 — — —
tance
Defecation management (independent)
Requiring assiss  1.63 123-215 .001 — — —
tance
Urination management (independent)
Requiring assis-  1.64 124-217 .001 — — —
tance
History of fallswithin 1 year (no)
Yes 201 150-2.70 <.001 1.66 121-227 .002
Inability to stand without holding (no)
Yes 251 1.83-345 <.001 — — —
Impaired judgment and comprehension (no)
Yes 1.40 1.03-1.92 .035 — — —
Toileting assistance (no)
Yes 2.10 159 -277 <.001 — — —

3Between-group comparisons were made using t tests and )(2 tests for continuous and categorical variables, respectively. The P value was calculated
using the Wald test. Bedriddenness rank J= independent or autonomous, rank A=housebound, rank B=chair, and rank C= bedridden.

PHR: hazard ratio.
°Not applicable.

In multivariable analysis, age (65 to <80 years: HR 2.26, 95%
Cl 1.48 - 3.44; 280 years: HR 2.50, 95% CI 1.60 - 3.92 vs 20
to <65 years), sex (male: HR 1.60, 95% Cl 1.21 - 2.13), BMI
(18.5to <25 kg/m? HR 1.36, 95% CI 0.94 - 1.97; <18.5kg/m#
HR 1.57, 95% CI 1.01 - 2.44 vs 225 kg/n?), BR (rank A: HR
1.81,95%Cl 1.26 - 2.60; rank B: HR 2.03,95% Cl 1.31 - 3.14;
rank C: HR 1.23, 95% CI 0.83 - 1.83 vs rank J), emergency
department (internal medicine: HR 1.23, 95% CI 0.92 - 1.64;
emergency department: HR 1.81, 95% CI 1.26 - 2.60 vs
department of surgery), and history of fallswithin 1 year (yes:
HR 1.66, 95% CI 1.21 - 2.27) are shown as predictors of
inhospital falls (Table 2, right side).
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Construction of a Fall Scoring System

Based on the results of multivariable analysis using thetraining
set, we weighted the scores based on each HR (Table 2, right
side) and formed 3 fal-risk groups (low risk: 0-4 points,
moderate risk: 5-9 points, and high risk: 10-15 points) using
conditiona inference tree analysis (Figure S1 in Multimedia
Appendix 1). The new fall prediction scoring system built on
thisbasisisshown in Figure 2. Asapredictor of the performance
of these 3 classifications of fall prediction, the c-index in the
validation set (n=4561) was0.733 (95% CI 0.684 - 0.782). The
cumulative fall incidences in training and test datasets are
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shown, with Kaplan-Meier curves presented for the training dataset (Figure 3A) and the test dataset (Figure 3B).

Figure 2. Fall prediction scoring system to be implemented at the time of admission.

Predictive score for falls at admission

[J Female 0 points
0 Male 2 points
Age
[ 20 to < 65 vears 0 points
L1 65 to < 80 vears 3 points
L =to 80 vears 4 points
BMI
O =18 5 kg/m? 2 points
00 18.5 to < 25 kg/m® 1 points
O > to 25 kg/m” 0 points
Bedriddenness rank
[J Rank J 0 points
[J Rank A 2 points
[ Rank B 3 points
[ Rank C 1 points
Department
L] Internal medicine 1 points
[l Department of surgery 0 points
[l Emergency department 2 points
History of falls with in 1 vears
[l Absence 0 points
[J Presence 2 points
Sum of the points points
0-4 Low nisk
Risk of fall 59 Moderate risk
10-15 High risk
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Figure 3. Fall risk classification-specific cumulative fall incidence. Cumulative fall incidences classified by fall risk scoring are shown for the training

dataset (A) and test dataset (B).
(A) Training data set (n=9150)
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Discussion

Principal Results

This study was a retrospective cohort investigation conducted
at an institution specialized in acute inpatient care, aimed at
identifying the risk factors for falls using the time from
admission to fall as the outcome variable. Fall risk factors
included age, sex, BMI, BR, emergency department, and history
of falls within 1 year. Specificaly, the study found that older
patients (aged 80 years and older) had ahigher risk of falls, with
men being more at risk than women. Patients with a BMI of
<18.5 and those admitted through the emergency department
had an increased risk. In addition, those with a history of falls
within the past year were particularly vulnerable. We constructed
a new predictive scoring system for falls by weighting scores
based on each HR according to the results of multivariable
analysisand using statistical methodsto classify fall risk groups
into 3 categories (low risk: 0-4 points, moderaterisk: 5-9 points,
and high risk: 10-15 points). The present fall prediction scoring
system could facilitate preventive interventions for high-risk
patients, potentially reducing the likelihood of falls among the
most susceptible patient populations and improving patient
safety and care in the hospital environment.

Comparison With Prior Work

In terms of age-specific fall incidence, it was evident that a
higher proportion of fallsoccurred among people aged 65 years
and older. This result is in aignment with previous reports
[6,16,20,22,27,40] identifying advanced age as a predictive
factor for falls. Consistent with past studies [5,16,20,22,40], a
history of falls was determined to be a predictive factor.

Previous reports on predictors of falls have shown that sex can
be a predictor for both men and women. In this study, being
malewas identified as arisk factor. In addition, men have been
found to experience multiple falls more frequently [27]. Past
reports indicating that being male increases the risk of falls
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(B) Test data set (n=4575)
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[20,28] have focused on hospitalized patients whereas those
suggesting an increased risk for women [41,42] have focused
on community-dwelling individuals. These differences may be
owing to the different characteristics of the study populations,
that is, relatively healthy community residents and patients in
health care facilities. This may be related to the fact that
hospitalized patients tend to have reduced physical activity,
which increases the risk of falls. However, the relationship
between sex differences and fall risk factorsin the hospitalized
population remains unclear, and further research is needed to
elucidate these aspects.

A systematic review targeting community-dwelling older adults
showed that alow BMI (<17 kg/m?) is associated with agreater
risk of falls, when using 23.5 kg/m? as the baseline [34]. In
addition, some reports indicate that both high (25 - 35 kg/m?
or above) and low (below 18.5 kg/m?) BMI values are associated
withincreased fall risks[31-33,35]. Thesefindings suggest that
extreme BMI values influence the risk of falling. However, in
our study, we identified low BMI (below 18.5 kg/m?) and
normal BMI (18.5 - 25 kg/m?) as risk factors for falls, using
high BMI (25 kg/m? or above) as the reference category. This
divergence in results might be attributed to the fact that in our
Japanese study population, few patients met the international
high BMI criterion (>30 kg/m?). In the study, because only 5.7%
(6/741) of peoplein thistraining category fell, BMI >30 kg/m?
was not able to be included as the category for a categorical
variable BMI.

The BR degree, which is strongly correlated with ADL, was
identified asarisk factor for inhospital falls. Thisfinding aligns
with several fall prediction models [17,18,20], demonstrating
the significant role of a decline in ADL, as it is known that
exercise therapy is effective in fal prevention [6,7]. This
underscoresthat impaired ADL isacrucia factor in determining
the outcomes of patients who experience falls. In addition,
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because the overall assessment of ADL is predominantly based
on mobility, a substantial correlation [43] between ADL and
BR has been observed. In our study, of the 15 variables that
showed a correlation with BR, 12 were related to components
of ADL.

Being admitted to the emergency department (as an inpatient
department) was identified as a risk factor for inhospital fals.
The emergency department inpatient population comprises
patientswho have been transported to the emergency department
or who otherwise came voluntarily to the emergency department.
This population typically has more severe illness, which may
explain why emergency department admission is a risk factor
for inhospital falls. Moreover, a history of falls within the past
1 year was identified as a risk factor for inhospital falls. This
result was similar to previousreportsthat identified afall history
as arisk factor for subsequent falls[17,18,20].

Falls are internationally recognized as a serious health issue
[3,30], and various efforts to prevent falls are undertaken
worldwide. Particularly in Japan, whererapid aging is prevalent,
fal prevention has become an increasingly critical issue.
Education for patients and staff is considered a fundamental
approach to addressing this problem [8,10-12,44], and the
introduction and enhancement of educational programs in
Japanese hospitals are desirable [10]. To achieve this, it is
essential to identify high-priority patientsamong inpatientsand
implement fall prevention measures as a high-risk approach.
Multifactorial interventions to comprehensively assess and
address multiple fall risk factors have proven effective [10].
However, sometoolsfor evaluating fall risk have been criticized
for their time-consuming nature and limited effectiveness
[45-47], necessitating judicious selection and effective use.
Recent research supports these multifactorial interventions and
highlights the importance of tailored educational programsand
effective risk assessment tools. Guidelines from the United
Kingdom's National Institute for Health and Care Excellence
offer specific approaches for fall prevention [48], which could
serve as valuable references for fall prevention strategies in
Japan. In the approach to fall prevention in Japanese hospitals,
international insights and guidelines should be considered while
also tailoring unique approaches according to facility
characteristics, health care delivery systems, and patient
backgrounds.

Statistical Validation and Clinical Application of Risk
Categorization

In our research, we used the conditional inference tree method
for statistical analysisto categorize patientsinto low-, middle-,
and high-risk groups, as detailed in Table $4 in Multimedia
Appendix 1. This methodological choice ensured that our risk
stratifications were based on solid data analysis, avoiding
arbitrary determinations. In addition, this scoring approach
permits adjustment of cutoff values based on each health care
facility’s resources and circumstances, enhancing its
applicability in diverseclinical settings. Our aimisnot to change
the patient’s fall risk level based on resources but to adjust the
intensity of preventive interventions according to available
resources. Thefall risk classification is based solely on clinical

https://humanfactors.jmir.org/2025/1/€58073
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characteristics, while resource availability guides the
prioritization and distribution of these interventions.

For patients identified as high risk for falls according to our
predictive model, it is important to recognize that identifying
these individuals is only the first step; providing effective
interventionsisaseparate and critical challenge. Based on prior
research demonstrating their effectiveness, we recommend
several interventions tailored to implement fall prevention
measures as ahigh priority. Here, we outline interventions such
as increased monitoring, personalized environmental
adjustments, nondlip footwear, assistive devices such aswalkers
or canes, one-on-one support, and immediate assistance. In
addition, patient education and rehabilitation are crucial
components. Educating both patients and health care providers
about fall risks and preventive strategies, combined with
physical therapy to enhance strength and balance, can
significantly reduce therisk of falls[6-12]. However, it may be
necessary to adjust these cutoffs based on sensitivity and
specificity considerations to enhance the accuracy of patient
risk identification, aligning more closely with practical
prediction practices in health care.

Thefall prediction tool we devel oped integrates seamlessly with
a hogspital’s EHR system. Upon a patient’s admission, it
automatically retrieves EHR dataand calculates afall risk score
based on various predictors. This integration allows all health
care providers, including emergency and trauma physicians, to
easily access the patient’s fall risk assessment. Emergency or
trauma physicians can use this tool to quickly identify patients
at high risk for falls and implement appropriate interventions.
This proactive approach can significantly reduce the incidence
of fallsand enhance patient safety in fast-paced and high-stress
environments such as emergency departments and trauma
centers.

Limitations

This study has several limitations. First, owing to the
identification of inhospital fall predictors based on the
characteristics of the facility and patient population in an acute
care hospital, generalizing the findings to other al hospitals
may be challenging. While the generalizability of our model is
not fully guaranteed due to the lack of external validation,
hospitalswith similar facilitiesand patient characteristics might
find the identified predictors and scoring system developed in
this study applicable to their setting. Second, our study did not
examine psychiatric symptoms, including delirium, asapotential
predictive factor [49,50]. Because previous studies have shown
that psychiatric symptoms can be a risk factor for fals
[17,18,28], it can be necessary to reconstruct the prediction
model by including additional predictors of fals, including
psychiatric symptoms such asdelirium, in future studies. Third,
we did not examine the association between medications and
fals. Previous studies have shown that taking sleeping pills
[19,20,28-30,51] and the number of medications[42,52-54] are
risk factorsfor falls. At thetime of our study, limitationsin our
EHR system made it difficult to collect accurate medication
data. This prevented us from including medication type and
number as predictors. Since then, our EHR system has been
upgraded, and we can now reliably obtain medication data. We
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plan to incorporate these variables in future studies to enhance
the accuracy of our fall prediction model. Fourth, we could not
compare the results of our model with those of existing fall
prediction models. However, we believe that our newly

Sato et d

Future research will include multisite longitudina studies to
validate the tool's effectiveness across different health care
settings.

Conclusions

developed fall prediction model ishighly useful inthat it iseasy
to apply in many Japanese hospitals with acute care settings,
similar to that in this study.

We successfully identified predictors of falls within a patient
population admitted to an acute care hospital and developed a
novel prediction model in Japan. This model could serve asan
effective tool to guide preventive interventions for both
individual hospitalized patients and high-risk populations in
many hospitals with acute care settings.

To further enhancethe practical application of our fall prediction
scoring system, we plan to integrate it into our hospital’s EHRs
to gather real-world evidence. Thiswill allow usto evaluateits
usability, accuracy, and impact on reducing inhospital falls.
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Abstract

Background: The opague nature of artificial intelligence (Al) algorithms has led to distrust in medical contexts, particularly
in the treatment and monitoring of atrial fibrillation. Although previous studiesin explainable Al have demonstrated potential to
address this issue, they often focus solely on electrocardiography graphs and lack real-world field insights.

Objective: We addressed this gap by incorporating standardized clinical interpretation of electrocardiography graphs into the
system and collaborating with cardiol ogists to co-design and eval uate this approach using real-world patient cases and data.

Methods: We conducted a 3-stage iterative design process with 23 cardiol ogists to co-design, evaluate, and pilot an explainable
Al application. In the first stage, we identified 4 physician personas and 7 explainability strategies, which were reviewed in the
second stage. A total of 4 strategieswere deemed highly effective and feasible for pilot deployment. On the basis of these strategies,
we devel oped a progressive web application and tested it with cardiologists in the third stage.

Results. The final progressive web application prototype received above-average user experience evaluations and effectively
motivated physicians to adopt it owing to its ease of use, reliable information, and explainable functionality. In addition, we
gathered in-depth field insights from cardiol ogists who used the system in clinical contexts.

Conclusions: Our study identified effective explainability strategies, emphasized the importance of curating actionable features
and setting accurate expectations, and suggested that many of these insights could apply to other disease care contexts, paving
the way for future real-world clinical evaluations.

(JMIR Hum Factors 2025;12:€65923) doi:10.2196/65923
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Introduction

Background

While the role of artificial intelligence (Al) in health care is
growing, concerns about itsreliability and transparency remain
largely unaddressed [1]. The opague nature of Al agorithms
challenges trust, particularly in cardiology, where the lack of
interpretability in deep learning models limits their adoption
and utility [2,3]. Thishasled toincreased interest in developing
explainable Al modelsthat offer accurate predictions along with
clear explanations of the rationale behind the predictive results

[4].

Our study explored the advantages and challenges of using Al
models in cardiovascular treatment, focusing on designing an
explainable Al system to aid posttreatment care for patients
with atria fibrillation (AF) after catheter ablation. There were
>3 million new cases of AF, acommon arrhythmic disorder [5],
in 2017, with numbers expected to rise due to aging [6].
Although often undetected, AF is a significant risk factor for
severe conditions such as stroke or heart failure [7] and can
greatly impact patients' quality of life [5,8]. While catheter
ablation is effective, AF can recur after ablation, requiring
careful monitoring of risk factors[9].

Several machine learning models, from screening algorithms
[10,11] to those predicting AF recurrence after ablation [12],
have been developed, but integrating them into health care
remains challenging. Physicians often require detailed
justifications dueto prediction uncertainties. While explainable
Al agorithms [5,13] could assist, a more holistic approach is
needed in posttreatment scenarios to effectively integrate
additional information, which remains poorly understood in
real-world care contexts (discussed in the next section).

To better integrate a machine learning model into the ongoing
decision-making ecosystem and identify unmet clinical needs
beyond performance optimization, we used a user-centered,
iterative design approach to devel op AF fective, an explainable
Al system for posttreatment monitoring of patients with AF.
By conducting semistructured interviews, design sessions, and
focus groups with 23 cardiologists, we aimed to identify key
principles for the effective design and use of explainable Al in
real-life cardiac treatment and management. In this section, we
first review the development of explainable Al inrelevant fields
in the second subsection and summarize our first 2 study stages
inthethird subsection. Wethen detail and discuss our final-stage
findings and conclude with reflections on the study’s
implications and the generalizability of our insights.

High Accuracy but (Still) Rg ected: MachineL earning
Modelsin Cardiology

Cardiology isone field of medicine that has seen extensive use
of Al to aid in medical practice. Various machine learning
models have been devel oped and used to assist in awide range
of tasks, from helping predict the prognosis or readmission after
heart failure[14,15] to detecting various cardiovascul ar diseases
from medical images [16]. In the area of arrhythmia, previous
studies have focused particularly on two key areas. (1)
prevention, which involves assisting in the early detection of

https://humanfactors.jmir.org/2025/1/€65923
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various arrhythmic conditions, and (2) monitoring, which
involves supporting the management of such conditions after
treatment [17]. In the preventive area, researchers have shown
how machine learning models could be developed and used to
detect irregular conditions using electrocardiography (ECG)
signals [18] or even through photoplethysmography sensors
from commercially available smartwatches [19,20]. In most
cases, such models were able to diagnose these irregular
conditionswith ahigh degree of accuracy (97%) [20]. However,
the potential for ahigh rate of false positiveswhen implemented
through commercia smartwatches hastriggered concernsamong
researchers, and as a result, they have cautioned against using
such systems for population-wide screening and emphasized
maintaining the 12-lead ECG as the gold standard [21]. Given
the prevalence of AF, several of the developed models in this
domain have chosen to focus specifically on this condition, with
various deep learning ECG models being developed to help
screen people for AF, stratify patients based on their risk level,
and even predict the chances of the condition occurring in the
future (seethe study by Sehrawat et al [21] for acomprehensive
review).

In the monitoring area, to support posttreatment care, previous
studies have developed models capable of predicting patient
mortality or echocardiographic response after procedures such
as cardiac resynchronization therapy [22]. Other studies have
even shown how the risk of recurrence for conditions such as
AF could be predicted using patient demographics and 3D
computed tomography images of theleft atrium [23]. Similarly,
several studies have demonstrated how the recurrence of AF or
30-day hospital readmission after catheter ablation can be
predicted using various deep learning and non—deep learning
strategies (eg, convolutional neural network [CNN] and Extreme
Gradient Boosting) [12,13,24]. In other cases, deep learning
algorithms have also been developed to detect an AF episode
4.5 minutes before onset, thus enabling prompt interventions
to prevent their occurrence [25].

Overadll, while the findings of these studies all appear to
demonstrate significant potential for implementing predictive
models to support AF treatment, we have encountered
substantial pushback from clinical partners when attempting to
implement such a model in clinical practice. Despite the
promising performance of the model in the study by Nishimura
et al [26] (areaunder the curve of 0.72 with 83% sensitivity and
58% specificity), there was dtill strong resistance from
physicians regarding trusting the predicted outcomes. Such
hesitation and resistance to adopting machine learning models
among clinical staff have also been frequently identified in
previous studies [1,27]. Given the delicate and often critical
nature of treatment in thisfield, it isnot surprising that the lack
of interpretability underminestrust in these models, preventing
clinicians from using them in medical treatment (see the study
by Petch et al [2]). Moreover, the opaque process rai ses concerns
regarding how mistakes could be rectified, not to mention that
it may cause potentially disruptive emotions when discussing
such results with patients. Therefore, at present, the high
accuracy, accessibility, and (possibly) low cost of machine
learning models often do not lead to their adoption in medical
practice.
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Explainable Al in AF

Recently, explainable Al has gained attention as a potential
approach to address these issues of transparency and
interpretability [28-30]. In the context of AF treatment, ECG
data are generally used as a main data source for screening
irregular rhythm and predicting the risk of AF recurrence, and
as such, explainable Al techniques such as Shapley Additive
Explanations (SHAP) have been used with the ECG data to
identify features contributing to the predictive outcomes [31].
In previous studies, researchers have proposed an explainable
deep learning model that not only detects AF but al so describes
the reasons behind their decisions and visualizes key regions
within the ECG signal identified as important predictors using
techniques such as Gradient-Weighted Class Activation
Mapping (Grad-CAM) or a deep visual attention [29,32,33].
Building upon earlier models, researchers such as Raza et a
[34] incorporated federated learning techniques alongside
explainable Al to preserve patient ECG data privacy. In more
recent studies, explainable models have even been created that
are capable of identifying patients at high risk after catheter
ablation and highlighting the features (eg, type of AF, age, and
left atrial diameter) that the model used to decide on the risk
level for each patient [30]. The use of “explainable” modelsin
this manner has been argued to have the added benefit of
allowing cliniciansto better understand the rel ationship between
each contributing factor and the predicted outcome of an
individual case, helping clinicians justify their decisions and
treatments more effectively [35].

While explainable Al techniques are believed to enhance the
interpretability of algorithms, incorporating them to truly
improve patient outcomesin real-life medical contextsremains
challenging [36]. Understanding of the strengths and limitations
of these approaches in different use cases and how human and
Al-based diagnoses can complement each other is till lacking
[36]. Deploying these models effectively requires a thorough
examination of the patient journey and adapting the explainable
strategy accordingly. Recent studies [37,38] have begun to
address these issues by examining the use of explainable Al in
more realistic settings with various stakeholders to ensure safe
adoption in clinical practice.

Overall, athough theintegration of explainable Al into medical
contexts holds great promise, it requires a concerted effort to
address technical, ethical, and practical challenges. Insights
from near-live and real-life case studies can help develop best
practices and trustworthy methods for implementing such
systems in clinica settings, thereby enabling users and
professionalsto fully benefit from Al technology.

Early Study Stages and Findingsin a Nutshell

In this section, we summarize and report the in-depth insights
from the 2 early stages of interviews (partially reported as a
poster in the study by She et al [39]) and group design sessions
to conceptualize and pilot-test our design strategies and
prototype. We chose to include some key findings from these
early stages to enhance readers' understanding of our design
decisionsin devel oping the final prototype for evaluation.

https://humanfactors.jmir.org/2025/1/€65923
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Stage 1

Overview

In thefirst stage, we conducted semistructured interviews with
physicians to gain insights into their experiences and best
practicesfor posttreatment care of patientswith AF. Physicians
were asked to share their positive and negative experiences,
communication strategies, and effective procedures for
monitoring posttreatment patients with AF. To sensitize and
prepare participants, we provided a 1-week workbook with
reflection exercises sent 1 to 2 weeks before theinterview. Each
interview lasted approximately 45 minutes and was fully
recorded with the consent of the physicians.

Participants

We invited 8 physicians from different specialties, such as
emergency medicine, internal medicine, and cardiology, tojoin
us for interviews at Kyoto Prefectural University of Medicine
in Japan. We made sure to include a mix of experience levels
and backgrounds in cardiology to obtain insights that could be
more broadly generalized to other medical contexts.

M easurements and Study Appar atus

A week before the interview, each physician received atoolkit
to reflect on their clinical practice. The toolkit included a
workbook with 7 daily assignments on their experiences and
patient interactionsaswell as stickersfeaturing emotional words
and contextual images to help express their thoughts and
feelings.

Study Process

We asked physicians to reflect on their process for diagnosing
patients and explaining treatment plans, especialy in difficult
situations such as delivering bad news. They were also asked
to share strategies for handling uncooperative patients or those
who rejected treatment. Physicians were encouraged to use the
2 sticker setsto respond to workbook questions or use them as
interview resources. During the interview, physicians were
guided through the workbook to discuss their specific
approaches, experiences, motivations, stressors, and methods
for negotiating treatment plans.

Analysis

In total, 2 researchers from the human-computer interaction
(HCI) field and a cardiologist analyzed the interview data, with
all recordingsfully transcribed. The HCI researchers devel oped
design strategies through thematic analysis, whereas the

cardiologist reviewed and selected strategies for further
evaluation in stage 2.

Results

Our initial interviewswith 8 physicians produced 2 key outputs:
4 physician personas (teamworker, minimumeffort professional,
the veteran, and self-actualizer) and 7 design strategies for
explainable  prediction. Each persona  included
pseudodemographics and progress bars depicting their
personalities across 4 parameters. passionate/realistic,
rookie/veteran, work-oriented/life-oriented, and
individualism/collectivism.
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The research team discovered that participants had common
concerns about self-efficacy in patient treatment, feeling
validated when treatments succeeded but disempowered when
seen as incompetent. This insight led to the development of 7
design strategies for explainable prediction. Participants
emphasized the need to justify decisions by clearly explaining
issues such as ECG resultsto patients. We reviewed and adapted
explainable Al strategies from previous studies [40] for
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cardiology. The seven strategieswere (1) highlighting key ECG
features (strategy A), (2) comparing with historical predictions
(strategy B), (3) simulating extreme ECG outcomes (strategy
C), (4) comparing with similar patients (strategy D), (5) showing
similar training examples (strategy E), (6) providing an
at-a-glance mode (strategy F), and (7) explaining through
established ECG principles (strategy G; Figure 1 [39]).

Figure 1. The7 explainable artificial intelligence strategies (A-G) that were examined in the initial 2 stages of the study, expanded from the previous
publication [39]. AF: atrid fibrillation; bpm: beats per minute; ECG: electrocardiography; PAL: patient 1; PA2: patient 2; PA3: patient 3.
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Stage 2

Overview

In the second stage, we evaluated the feasibility of the 7 design
strategies from the first stage, focusing on those that could be
implemented using explainable Al. Physicians first described
their usual process for assessing recurrence risk and discussed
the potentia role of predictive models and explainable Al. We
then introduced the explainable Al strategies and gathered
detailed feedback on which would most effectively clarify
predicted outcomes for other physicians and patients.

Study Process and Findingsto Guide the Prototype
Development

We conducted 2 group design sessions with 8 cardiologists to
critically review and assess our design strategies. Initialy, 5
cardiologists were asked to evaluate the advantages and
disadvantages of each strategy, describe scenariosin which they
would be useful, and reflect on their concerns regarding
implementing such explainable features.

From the 7 proposed strategies, we selected 4 (strategies A, B,
D, and G) for further development into a web-based prototype
using a high-fidelity explainable CNN model with real patient

https://humanfactors.jmir.org/2025/1/€65923
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data. In total, 3 cardiologists reviewed the prototype using the
concurrent think-aloud approach [41] and provided feedback.
They aso discussed concerns about using Al during
posttreatment care, specifically on whether the explainable
features enhanced their trust in the Al system and how the
system might add or reduce value in their practice.

Participants

A total of 5 cardiologists with experience treating AF were
recruited from Kyoto Prefectural University of Medicine to
assessthe explainable Al strategies. In addition, 3 cardiol ogists
from the same ingtitution were brought on to evaluate a
web-based prototype.

Results and Study Apparatus Development

The 4 effective design strategies identified were highlighting
contributing features (strategy A), comparing with past
predictors (strategy B), comparing with other patients (strategy
D), and explaining through established principles (strategy G).
Participants’ choiceswere guided by 3 principles: discernibility
(highlighting relevant noteworthy parts), comparability (intra-
and interpersonal comparisons), and evidence-based approaches
(derived from diagnostic examples or clinical literature).
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Strategies to avoid included non—evidence-based methods and
those showing only partial graphs.

In general, physicians were highly receptive to the AF fective
prototype, particularly its explainable features, which they found
useful for evaluating treatment effectiveness in posttreatment
monitoring. On the basis of their feedback, we advanced to
web-based prototyping.

The web-based prototype was developed using Figma (Figma,
Inc), a popular tool among user experience (UX) designers for
creating high-fidelity and web-based prototypes at minimal cost
during the development process. Our prototype comprised 2
main screens:. a patient overview screen and an individua health
record dashboard (to avoid repetition of similar images, we
sharethe screenshotsfrom thefinal system in this paper instead;
Figures 2 and 3).

Figure 2. The patient overview screen.
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The overview screen displays patients’ demographic detailsand
predicted recurrence risks, alowing cardiologists to sort by
various demographic and risk factors. The health record
dashboard displays (comparable and evidence-based) health
information gathered from a patient’s previous visits. Our
predictive model will automatically extract and highlight
keywords or risk factors based on the patient’s visits and health
data. In addition, the model differentiates theimportance of the
risk factors and offers 3 tiers of ECG result presentation based
on the level of urgency for physicians: no highlight, full
highlight, and critical highlight only.

In critical highlight mode, only urgent health information is
shown, whereas the full highlight mode displays all details,
including less urgent Al highlights. Validated risk factors are
listed as diagnostic keywords in the right panel, helping
physicians quickly identify the main contributors to the
predictive outcome.
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Figure 3. Screenshot of the patient page, including extrarisk factors. ECG: electrocardiography.
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Methods

Overview

Our research followed a 3-phase approach collaborating with
stakeholders familiar with AF management. In the first phase,
we conducted semistructured interviews with 8 cardiol ogiststo
explore potential explainable Al strategiesfor postablation care.
From these insights, we developed 7 design concepts, which
were then critically assessed and refined by another 8
cardiologists in the second phase. This process led to the
selection of 4 explainable strategies. In this section (the final
phase of the study), we built afunctional prototypeincorporating
real patient data and invited a third group of 7 cardiologists to
evaluate its effectiveness and feasibility in clinical settings.

Ethical Considerations

This study received ethics approval from the relevant
institutional review boards (IRBs) in Japan, including the Kyoto
Institute of Technology IRB (2021-08) and the Kyoto Prefectural
University of Medicine IRB (ERB-C-2014). Informed consent
was obtained from al participating physicians, who volunteered
to take part in the study without receiving any compensation.
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To ensure the privacy and confidentiality of patient health data,
all personaly identifiable information, including patients
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Stage 3

Theweb-based prototype from the previous stage was developed
into a fully functional progressive web application (PWA)
prototype, which wasthen tested and eval uated by cardiologists.
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Patient Data

A total of 11 postablation patients consented to provide data
for the prototype. Protected health information, such as names
and birthdays, was masked or replaced dueto | RB requests, but
other health data (eg, ECG, body measurements, blood pressure,
and visit history) were used to closely resemble the original
patient health data for arealistic prototype.

Participants

In total, 7 cardiologists involved in the treatment of AF were
recruited from the Kyoto Prefectural University of Medicinein
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Japan. All of them had experience diagnosing patientswith AF
and performing catheter ablation.

Measurements and Study Apparatus

In total, 3 widely adapted UX-related questionnaires were
implemented in our study: the User Experience Questionnaire
(UEQ), technology acceptance model (TAM), and Mobile App
Rating Scale (MARS). The rationales for including these
guestionnaires are explained in the following sections.

UEQ Inclusion Rationale

The UEQ, developed by Laugwitz et a [42] in 2008, consists
of 26 items across 6 dimensions: attractiveness, perspicuity,
efficiency, dependability, stimulation, and novelty. The scale
ranges from —3 (most negative) to +3 (most positive). Scores
closer to O are considered “neutral.” A data anaysis tool is
provided for interpreting the results, with benchmarksin Stiers:
excellent, good, above average, below average, and bad [43].
Our goa during prototyping was to achieve above-average
ratings. The English version was tranglated into Japanese.

TAM Inclusion Rationale

Previous research suggests that a user’s intention to use is the
primary predictor of actual system use[44]. To ensure that our
PWA was both useful and usable in a medical context, we
implemented the TAM to assess user acceptance and intention
to use our explainable Al system. Originally devel oped by Davis
et a [45], the TAM is a key mode in new technology
development. We adapted it for our PWA evaluation focusing
on 3 dimensions: efficiency (perceived usefulness), ease of use
(perceived ease of use), and intention to use (behavioral
intention to use). For the TAM, a 7-point Likert scale is used,
ranging from 1 (strongly disagree) to 7 (strongly agree). A
score of 4 represents neutrality.

MARS Inclusion Rationale

Despiteitsname, the MARS iswidely used to assessthe quality
of health applications across various types of digital platforms.
It evaluates 4 dimensions: engagement, functionality, esthetics,
and information quality [46,47]. We selected the MARS to
assess the information quality of our PWA using the Japanese
tranglation by Yamamoto et al [48]. The MARS uses a 5-point
Likert scaleranging from 1 (inadeguate) to 5 (excellent). Scores
of >3 are considered above average.

AF’fective: The Web-Based PWA

A fully web-based PWA was developed using the lonic
framework (Drifty) for the front end and Python (Python
Software Foundation) for the back end. Access was dtrictly
controlled through an authentication system to ensure data
security. The PWA included 2 main pages that were devel oped
based on our explainable strategies: a patient overview screen
(corresponding to strategy D) and an individual health record
dashboard (corresponding to strategies A, B, and G). One
noteworthy change was made to our predictive model, which
also influenced our explainable features. On the basis of
physicians feedback, we omitted direct highlights on the raw
ECG graphin stage 2 (using Grad-CAM; seethe demonstration
in Figure 1 [39]) and, instead, used the 7-item features derived
from the standardized clinical interpretation of ECG graphs

https://humanfactors.jmir.org/2025/1/€65923
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(corresponding to strategies A and G in particular; see the
demonstration in Figures 4 and 5). In particular, we replaced
the explainable Al model used in previous stages with a SHAP
model [49], which was constructed to highlight the extent to
which different key clinica features—commonly used as
established interpretation principlesin AF prediction for ECG
data (eg, maximum P wave duration and augmented vector right
[aVR]/first precordial lead [V1])—contributed to the
decision-making processfor strategy G. Therefore, the predictive
model was updated from a CNN model (image based) used in
the previous 2 stages to a Cox regression model (feature based)
[26] to accommodate the introduction of 7 standard featuresfor
prediction (and, later on, SHAP for explaining). While
physicians were not shown the Cox regression model’'s
performance to avoid biasing them, it achieved strong
evaluations, with an area under the curve of 0.72, sensitivity of
83%, and specificity of 58%. The model was trained on data
from 502 patients, with an average follow-up of 6.2 (SD 3.5)
years. A total of 13.1% (66/502) of the patients developed
new-onset AF [26].

These standardized clinical explainable features are included
in the following list. These features were derived from the
interpretation standardsthat cardiol ogists commonly apply when
reading an ECG graph and assessing a patient's risk level. As
indicated in our previous studies, while directly highlighting
sections of the ECG graph that contributed to the predictive
model’s output can explain the model’s prediction, it does not
aid physicians in interpreting the graph. To enhance the
interpretability and physician-friendly explanation, we asked
cardiologiststo standardize their interpretation of the ECG graph
into higher-level features that are more straightforward and
easier to understand for their fellow cardiol ogists. Our previous
work [26] provides details on training a predictive model based
on these new features:

1 Max P wave duration >125 ms; whether the maximum P
wave duration is >125 ms

2.  aVR/V1<1: whether the amplitude ratio of the P wave is
<1

3. Amplitude V1=>10: whether the P wave amplitudein V1is
>0.1 mV

4. Amplitude av R<4=0: whether the P wave amplitudein the
lead aVR is<0.04 mV

5. PAC on ECG=1.0: whether there was one or more
supraventricular ectopies during recording (removed inthe
latest model for simplicity from the work by Nishimura et
al [26])

6. RV5SV1>2.2=0: whether the amplitude (height) of the R
wave in thefifth precordial lead plus the amplitude (depth)
of theSwaveinV1is>2.2 mV

7. PR=185=0: whether theinterval between the P and R waves
is>185ms

Theindividual health record dashboard (as shown in Figure 3)
also alowed physicians to check past visit ECG graphs and
explainable features (corresponding to strategy B). The
physicians can obtain an overview of the basic patient datain
the top left corner and then proceed to the raw ECG graph. In
the main graph section, they can choose between 2 types of
explainable models (see Figures 4 and 5 for the corresponding
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graphs) and add data from the patient’s history for comparison.
Theright panel provides additional patient correspondence data
and physical measurements such asweight and blood pressure.
The standardized features made it easier to compare patients
when physicians navigated the patient overview board
(corresponding to strategy G).

We aso developed 2 interfaces to summarize the explainable
features. The first interface (Figure 4) was developed using

Sheet a

SHAR, a popular tool for explaining the outcomes of machine
learning models [49]. It features a single bar chart that shows
the combined influence of risk and protective factors. The
second interface uses apie chart to show therelative importance
of the 7 items and their risk or protective contributions to the
predictive outcome (Figure 5). Cardiologists were advised to
access it using a computer, athough the site is also available
on mobile devices, to simulate their normal use context.

Figure 4. Screenshot of the explainable items and how they were displayed in the system—explainable model 1. ECG: electrocardiography.
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Study Process

Each cardiologist participated in a 1-on-2 interview with an
HCI researcher and a cardiologist. Before the interview began,
the HCI researcher set the scene for the cardiologist using the
following statement: “You have 11 patients that you are
currently caring for. You can see alist of theminthe AF fective
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system, which indicates their risks levels for recurrence.”
Participants were first briefed on the system and then asked to
test it by imagining the following four scenarios: (1) viewing a
patient’s status, (2) checking apatient’s ECG graph, (3) viewing
explainable model 1, and (4) viewing explainable model 2. We
then asked the cardiol ogiststo compl ete the study measurements
(UEQ, TAM, and MARS, as described in a previous section)
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and began the semistructured interviews. Each interview lasted
45 minutes to an hour. All the interviews were conducted in
Japanese and fully recorded, including screen recordings of the
participants testing the AF fective PWA.

Analysis

For the survey data, we calculated the mean and SD for each
item in all surveys except for the UEQ, which has its own
analysis tool in Microsoft Excel (Microsoft Corp) format. We
compared our mean scoresfor the TAM and MARS against the
theoretical average scores to determine whether physicians
experienced any usability issuesrelated to the interface design,
functionality, information quality, or accessibility.

For theinterview data, we reviewed and analyzed the transcripts
following the thematic analysis framework proposed by Clarke
et al [50]. Theanalysiswas carried out by 3 researchers, 2 from
the HCI field and 1 with acardiol ogy background. Asthe2 HCI
researcherswere more familiar with the analysis method selected
and had a long history of conducting thematic analysis, the
initial formation of the themes was first conducted by them.
The HCI researchers first read through all the transcripts to
familiarize themselves with the content and highlighted
interesting quotes. The quotes were then summarized and
independently interpreted as “topics of interest” by the HCI
researchers. Theresearchersthen grouped the topicsinto several
potential “themes” and involved the cardiol ogist to approve and
edit the themes. The cardiologist researcher then joined the
evaluation to come up with the final findings that were deemed
meaningful in both the HCI and medical fields.

Results

Overview

Inthefinal stage, werecruited 7 male cardiologists (aged 31 to
55 years) with 8to 30 years of cardiology experience. After the
interviews, they completed the surveys, and we calculated the
mean scoresto identify potential usability or designissues. The
results suggested no significant usability problems, and the
prototype showed strong potential to motivate physicians
intention to use it due to its ease of use, reliable information,
and explainable functionality. The detailed survey results are
reported in the following sections.

UEQ Results: Positive Per spicuity

The results from the UEQ showed that perspicuity received a
positive evaluation (mean 1.21, SD 0.96), whereas attractiveness
(mean 0.56, SD 0.71), efficiency (mean 0.625, SD 0.27),
dependability (mean 0.33, SD 0.27), stimulation (mean 0.5, SD
0.3), and novelty (mean 0.58, SD 0.27) received neutra
evaluations. Perspicuity stood out as the most positively
perceived aspect of the UX, suggesting that ease of use and
clarity are strong points of the AF fective system. The neutral
evaluations for the other aspects (attractiveness, efficiency,
dependability, stimulation, and novelty) indicated that physicians
had average or mixed perceptions of these factors.

TAM Results. Above-Average Technical Acceptance

In addition, the TAM measures showed that perceived usefulness
(mean 4.22, SD 0.31), perceived ease of use (mean 5.13, SD
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0.77), and behavioral intention to use (mean 4.77, SD 0.68)
scores were all above the average (mean 3.5). The behavioral
intention to use score indicated a strong intention to use the
AF fective system. These results suggest that the identified
factors motivated users to engage with the system.

MARS Results: Perceived High Functionality and
Information Reliability

Finally, the results of the MARS showed above-average scores
for functionality (mean 4.25, SD 0.42), esthetics (mean 3.61,
SD 0.68), information reliability (mean 3.38, SD 0.54), and
perceived impact on practice (mean 3.33, SD 0.76). Theseresults
indicated that users perceived high functionality and reliable
information from the AF fective system, whereas they rated its
esthetics and perceived impact on practice as somewhat
mediocre. We were particularly interested in the physicians
high ratings for information reliability as these suggested that
they felt confident in understanding and agreeing with the
predictive model’s decisions. Notably, thisrating was achieved
without physicians knowing the predictive mode’s performance.
This serves as a strong indicator that insights derived from
explainable modelsplay acrucial rolein physicians' adaptation
to our technology. This was deemed acceptable for asystemin
its prototype phase.

Discussion

Principal Findings
Overview

Aligned with our positive survey results, cardiol ogists expressed
strong acceptance of the explainable features and willingness
to use the system during the in-depth interviews. They also
praised the system’s enhanced efficiency, comprehensibility,
comparability, consistency, and trustworthiness:

I think it is useful to be able to expressin a general,
universal, numerical way what we used to say in the
past, like, “This person is likely to have a
recurrence]’ by using arisk score. | think it is useful.
[PO4; male]

Inclinical practice, we honestly don’t have that much
time to look at ECGs and scores in detail, so | think
Al isaway to makeit easier for usto get the numbers
out. [PO7; male]

I thinkit iseasy to pick up if you can tell froma quick
glance at thelist that a personinredisat higher risk
of recurrence, or that a person in green has a low
probability of recurrence. [PO6; male]

While most cardiologists in our study viewed the real
data—backed explainable Al system positively, we identified
potential concerns and (possibly) false expectations for its
real-life implementation. During the interviews, cardiologists
were asked to envision using the system in their daily routines,
leading to aredlistic discussion after 2 rounds of iterative design.
This probing step was crucia for understanding the feasibility
and challenges of implementing the systemin clinical settings.
Our findings are discussed in the following sections through 4
key themes.
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Explaining the Symptoms Does Not Equal to | dentifying
the Causes

Perhaps dueto our intentional mimicry of cardiologists methods
for identifying irregularitiesin ECG graphs, participants showed
high acceptance of the predicted results after viewing our 7-item
AF clinical explainable features. In fact, PO4 gave a very
positive endorsement of why the explainable items were
necessary:

| am of course curious as to why the risk was higher,

so the Al [predictive] model would be rather

meaningless without a graph [with explainable Al

items] that can explain it, or perhaps it would make

me wonder why the model [ makes such a decision].

[PO4; mal€]
According to P04, the predictive model’s results may fail to
convince them without an explanation of why the model makes
a particular decision. P04’s reaction suggests that physicians
find explanations based on the new clinical explainablefeatures
both agreeable and trustworthy. However, a concern emerged
regarding the limitations of these features. A key request was,
“Then what should | do?’—cardiol ogists wanted to understand
the features influencing the risk score and actionable strategies
to address them. This aligns with previous insights showing a
preferencefor clear indicators and actionable steps. In one case,
PO5 even suggested using the system to nudge patients toward
behavior change:

We are at a stage where only these numbers [of
explainable items] are available. 40 or something
like this is the only thing that comes out, so what
should | do [with each of the items] ? [PO4; mal€]

| feel that the numbers alone don’t mean much, or

don't seemtoleadtoachangein[patient’s] behavior.

[PO5; mal€]
It should be noted that physicians treated each explainable
feature as a “treatable item,” which was not possible with an
ECG graph-based explainable model. This improvement
suggests that converting graphical highlightsinto standardized
feature explanations can foster the expectation that addressing
each item will reduce the risk score. In our current phase, it is
still too early to determine how to further link our featureswith
treatment approaches; however, thisdoesindicate an interesting
and operationalizable future implementation for explainable
models.

Hence, in our current system, whilethese featuresinfluence the
predictive outcome, clinical causal insights should beinterpreted
with caution. Our 7-item explainable features are based on
standard ECG wave interpretation, identifying AF symptoms
but not directly indicating underlying causes such as excessive
drinking or sleep apnea. As noted in the document by Shapley
[51], estimating causal effects from explainable items can be
misleading. Cardiologists should be cautioned about this
limitation and guided to set appropriate expectations for
decision-making.

A key lesson from our interviews was the need for better
curation of explainable features in the model, especially in
clinical contexts. While various approaches provide transparency
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in Al decision-making [31,39,52,53], itiscrucia that the chosen
features are relevant, operationalizable, and actionable for
medical professionals. This focus ensures that Al predictions
are both understandable and practically applicable, enhancing
postablation patient care.

Window for Interpretation: When 0% and 100%
Recurrence Risk Does Not Exist

While a predictive model can theoretically provide risk scores
from 0% to 100%, in real life, extreme scores such as 0% or
100% are unattainable. Participants noted that the possibility
of such extreme scores diminishes the perceived realism and
reliability of the model’s predictions:

Theoretically speaking, it hasto be 0, so even if it's
low, it's still bad. You can't say 30 is a good thing.
Thereisstill a chance for arecurrence...So there are
cases where it comes out as 0? (Cardiologist
interviewer: That would be considered extreme score.
WEll, some might be zero, but | think the smallest is
probably 3 or 4 [in the natural clinical contexts].)
[PO3; mal€]

I’mnot quite sure what [therisk score] means. There
are a lot of questions about what 12 means and what
we should think about it. It'snot O [ even for a normal
person], So are you saying that AF can happen to
anyone? (Interviewer: | don’t think we can lower that
number any further.) [PO5; male]

In a similar manner, participants also questioned whether a
predictive score of 100% was at all meaningful in clinical
practice:

Are you saying that even if all of [theitems] were full, it would
not be 100?(Interviewer: Even if [all of the items were] full, |
think it will probably be around 80-92, which isthe highest risk
score [in the natural clinical contexts].) [PO1; male]

It should be noted that it is uncommon for a predictive model
to yield a full 100% score in clinical contexts, particularly in
postsurgery contexts. The contributing factors would generally
contain complex interactions and dependencies.

Cardiologists emphasized that recurrence risk scores should be
viewed asreference points, not absolute indicators. Establishing
a threshold, such as 50, is essential for guiding actions, but
borderline scores (eg, 49 or 51) still warrant patient warnings
or follow-ups. Similar “borderline windows’ were noted in a
grief-related study [52] where psychologists suggested taking
the score as a reference for concerning cases. Although the
width of the borderline window can aso be highly subjective
for each individual cardiologist and possibly for patients, this
approach is common in clinical practice. Future studies should
develop nuanced protocols for borderline cases to prevent
misdiagnoses and patient stress, potentially standardizing risk
level interpretation, as suggested by P05:

| think it would be better to indicate the risk of
developing the disease on a 5-point scale, such as
low, medium, and high, because | don't think there
is such a difference between 40 and 41. [PO5; mal€]
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In treatment decision-making, another notableimplication from
our findings was the patient’s presumptive belief that the risk
score should be 0%, particularly after undergoing ablation. It
was apparently conflicting with what the predictive model would
reveal:

However, if you think about it, after AF ablation, the
number of people who think that AF recurrence is
quite small. For example, more than 70% to 80% of
the patients think it is zero. [PO3; mal€]

Even cardiologists familiar with the postablation risk might
expect that addressing the explainable items (see the Methods
section for more discussion on theseitems) could eliminate the
recurrence risk:

Considering the importance of risk scoring...]| am
very interested in the explanatory factors or items
involved, and which of themare [ positively correlated
to the risk score]. If the purpose of this systemisto
follow up the patient, it would be even better if we
could get such risk factors and know what kind of
intervention is being done here. [PO1; mal€]

It struck the research team that popular explainable Al
approaches could lead to misinterpretations and unrealistic
expectations, such as believing that a 0% recurrence risk is
easily attainable. Our study highlights the need to set accurate
expectations about what predictive results and explainable
features truly imply in a clinical context and how much they
can be influenced through intervention.

Offer aHalistic Risk Overview by | ntegrating Other Risk
Factors and Temporal Data

In our study, we adopted the flow of cardiologists' diagnostic
process by reviewing ECG graphs and assessing the presence
of known risk factors one by one. Therefore, other known risk
factors, such as high blood pressure, smoking, and drinking,
wereincluded asadditiona “risk factors’ alongside the predicted
risk score derived from the patient's ECG data. While we
believed that this approach resembled a cardiologist’s normal
decision-making procedure and would increase their acceptance
of the model’s predicted results, our interviewees expressed
concerns about the potential for the predictive model to yield
biased risk estimates:

There are many known risks that are commonly
associated with AF, such as high blood pressure,
obesity, lack of exercise, etc... Inputting it would
further make this risk [score], or perhaps, the
evaluation, more correct. [PO3; mal€]

So we are predicting the risk score purely based on
ECG...If you are going to make progress, | think it
would be good to include obesity information, bmi,
waist circumference, and so on. [P06; mal€]

Furthermore, some of our participants also indicated that they
would prefer aclear display and association with the medications
or ongoing treatments that the patients are receiving. For
instance, PO2 requested us to explore whether the explainable
model could reflect the effects of the patient’s medications, and
PO1 indicated that it would be better to see which interventions
were done to lead to the risk score:
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If there was information on arrhythmia medications,
it would be more useful. | think the doctor might be
ableto think about it more holistically, such as, “ This
ECG variation [ highlighted by the explainable model]
iscaused by the medicinethe patient istaking”” [P02;
male]

If the purpose of this systemisto follow up the patient,
it would be even better if we could get such risk scores
and know what kind of intervention is being done
here. [PO1; mal€]

Asthe cardiol ogists pointed out, athough our model provided
an overview of the other risk factors, it would only be
meaningful if they could establish a connection between the
variationin risk scores and the specific risk factors. Our findings
indicated that, for explainable elements to be truly useful in
real-life practice, they need to relate to more holistic and
treatment-related risk factors or medications. Otherwise, the
contribution of such a predictive, even explainable, model to
preventing disease recurrence would be quite limited.

In the end, perhaps the most important takeaway from the
interviews was the need to provide a holistic overview and
explanation of intrapatient temporal data and risk scores.
Echoing the insights from previous interviews, the design
strategy of comparing interpersonal ECGs (strategy G) was
heavily criticized by the physicians as individual risk factors
can vary significantly. However, comparing a patient’s current
and historical risk factors could provide valuable insights into
the evolution of these factors and potential trendsin recurrence
risk. For instance, participants PO4 and P06 described how they
would like to plan their interventions by tracking variations in
risk scores and identifying the underlying causal factors over
different time points:

For a patient with a high estimated risk thistime, but
lower estimated risk in the previous times, why did it
become so high? What factors contributed to it? [I
would expect] this Al model to estimate and explain.
[PO4; male]
| think it would be better to look at it...from a
longitudinal point of view..to see what kind of
intervention | should use, what's going wrong, and
what thereason isfor theincrease [ of therisk score].
[PO6; mal€]
We were intrigued by the design opportunities revealed in our
findings. Ascardiol ogists reminded us, asignificant and crucial
aspect of their profession involves deciding on appropriate
interventions. Although explainable Al models have shown
promisein diagnosing and identifying patients at risk, they have
yet to offer actionable insights for intervention planning. We
believe that explainable Al tools should integrate comprehensive
patient data, including tempora variations in risk factors,
medications, and treatments, to enhance the model’s relevance
and utility in real-world settings. In addition, the insights
generated should be clearly linked to potential intervention
strategies that could influence risk scores. Without such
integration, the potential of explainable Al tools to contribute
meaningfully to patient care, particularly in preventing disease
recurrence, may remain limited.
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A Sense of Control and Learning From the Model

Thefindings of our interviews revealed that cardiologists valued
the sense of control and the learning opportunities provided by
these models, aigned with the findings in the previous rounds
that suggested a self-actualizing and constant learning side of
cardiologists.

One of the key insights that emerged from our study is the
potential of explainable Al models to help cardiologists
prioritize patients at higher risk. As P04 addressed, there was
apotential for these modelsto become an integral part of daily
practice:

If it becomes a habit, | will probably look at people
with high estimated risk and wonder why they were
at higher risk. [PO4; mal€]
Moreover, PO2 also offered asimilar thought regarding triaging
patients based on the risk scores:

So the follow-up should be more thorough, and those

who are more likely to be affected [ by the recurrence

risk] should be followed up in a shorter period of

time. [PO2; mal€]
By discriminating the patients that need urgent attention,
physicians gain a sense of control over who to allocate more
time and treatment resources to. Cardiologists indicated that
such a potential new routine would enhance their work
efficiency and allow them to spare cognitive capacity for more
critical treatment planning. Interestingly, our interview findings
suggest that cardiologists may appreciate useful “hints’ or
“interpretations’ from explainable modelsto help them narrow
down potential problems:

| understand that the ECG is used as the reference,
but | think it would be easier to understand if there
was an explanation of what is of interest in this ECG,
even though those who understand may [already]
understand it. [PO1; mal€]

The power dynamic between cardiologists and the Al model is
worth exploring. To what extent should an Al model’s
interpretations be considered, and to what extent should
cardiologists accept its suggestions? These boundaries are
critical to explore to ensure that the final Al models can be
effectively integrated into the patient care routines.

Further enhancement of control over the prevention procedure
might also occur as cardiologists begin to learn more from
Al-augmented interpretation and actionability. Interestingly,
theexplainability of Al models appearsto increase cardiologists
desire to validate their treatment approaches:

o, at the time of the ablation, if | burn the tricuspid
valve, you know [the score will go down], or if | burn
the superior vena cava, you know [the score will go
down]...you can learn more and more from time to
time. [PO3; mal€]

| would take another ECG before prescribing too
much medication, and see if [the risk score] goes up
or down on the next ECG...For thosein yellow...I will
adjust my [treatment plan] according totherisk level
of the next ECG. [P06; mal€]

https://humanfactors.jmir.org/2025/1/€65923
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P06 went further and emphasized that, while Al models are
valuablefor providing quantitative assessments, their true worth
lies in delivering actionable insights that can guide clinical
decision-making. This sentiment reflects a broader interest
among cardiologists in understanding how Al models arrive at
their conclusions, particularly in relation to identifying
intervention points:

| wonder if you are highlighting these risk factorsto
tell us these are the areas for intervention. | wonder
if there is a reason for thisrisk factor, such asif we
treat these factors, it could lower therisk. [PO6; mal€]

In general, our findingsindicate that cardiologists, particularly
self-actualizers, are not only opento integrating Al suggestions
into their decision-making processes but also eager to enhance
their knowledge through interaction with the Al model provided
that these suggestions are accompanied by clear rationales and
practical recommendations.

Implications of Creating a Software asa Medical
Device

In the development of Al algorithms for clinical applications,
itiscrucia to not only meet the user interface requirements but
also ensure compliance with regulatory standards. Software as
a medical device must adhere to international standards such
as International Organization for Standardization (1SO) 13485
(medical device quality management systems), 1SO 14971
(medical device risk management), and 1SO 62304 (software
life cycle processes). In addition, compliance with Food and
Drug Administration approval and the European Medica Device
Regulation is essential from the perspectives of patient safety,
effectiveness, and legal requirements.

While the AF fective study provides valuable foundational
knowledge on user interface, it is still considered in the early
stages of technology readiness level (1-3). However, with
advancementsin Al technology, the insights from this research
could contribute to the revision of existing standards, such as
the International Electrotechnical Commission 62366-1:2015
(usability engineering for medical devices). Specificaly, the
consideration of explainability in the Al result display methods
proposed in this research—such as visually clarifying the
rational e behind suggestions and intuitively conveying risk and
uncertainty in interface design—will play a crucia role in
helping health care professionals accurately understand
Al-generated proposals and integrate them into clinical
decision-making. Moreover, our study highlighted that health
care professionals do not need to fully comprehend the technical
background or mechanismsof Al. Instead, itiscrucial to create
astatein which users can reasonably understand “why thisresult
was reached,” which is effective in building trust in Al. Such
efforts extend beyond display design and have the potential to
be incorporated into new standards that facilitate smooth
communication between Al and health care professionals.

Conclusions

This paper reports a 3-stage study involving 23 physicians to
co-design, assess, and pilot an explainable Al system for AF
postablation monitoring called AFfective. Our co-design
approach effectively identified 4 feasible explainabl e strategies.
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Furthermore, while we actively used explainable Al to identify
thefeatures contributing to the predictive results, our explainable
strategies enabled the design of a more holistic patient
monitoring system that incorporates contextual factors such as
patient history and established principlesto support physicians
decision-making rather than merely explaining the features
indicated by ECG graphs. In the third stage, the system
prompted cardiologists to envision its use in their routines,
leading to highly contextualized feedback. This study
highlighted the need to curate actionable explainable features
and set correct expectations for interpreting predictive scores.
In addition, cardiologists were interested in understanding the
Al’sreasoning and identifying strategies to address recurrence
risk factors.
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Interestingly, although our focus was on AF recurrence
prevention, many insights appear generalizableto other disease
care contexts, such astemporal risk score monitoring and setting
realistic expectationsfor scoring, particularly as extreme scores
(0% and 100%) are practically unattainable. Further
investigation is needed to determine whether these insights can
be universally applied to enhance the feasibility of implementing
explainable Al in clinical settings.

A future study will build on these findings and further evaluate
the potential challenges and advantages when implementing
the AF fective system in near-live or live clinical care routines.
We believe that Al possesses the potential to revolutionize
medical practicesand we can only realizeit through putting the
technology in actual use case scenarios.
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MARS: Mobile App Rating Scale

PWA: progressive web application

SHAP: Shapley Additive Explanations
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Abstract

Background: Given the global burden of insufficient physical activity (PA) in children, effective behavioral interventions are
needed to increase PA levels. Novel technologies can help expand the reach and accessibility of these programs. Despite the
potential to use heart rate (HR) to target moderate- to vigorous-intensity PA (MVPA), most HR research to date has focused on
the accuracy of HR devices or used HR for PA surveillance rather than as an intervention tool. Furthermore, most commercial
HR sensors are designed for adults, and their suitability for children isunknown. Further research about the feasibility and usability
of commercial HR devicesis required to understand how children may use HR during PA.

Objective: Thisstudy aimed to explore the use of a chest-worn HR sensor paired with areal-time HR display as an intervention
to