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Abstract

Background: Access to 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 professionals (midwives, medical officers, community workers, and social workers). The website incorporated information
on clinical, logistical, and administrative guidance, including culturally competent and gender-affirming toolkits that could equip
health care professionals 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 populations who may have the greatest unmet need for abortion services
yet face the greatest barriers to accessing care.

(JMIR Hum Factors 2025;12:e63364)   doi:10.2196/63364
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Introduction

Access to abortion is a fundamental human right and a critical
component of sexual and reproductive health care [1]. Each
year, approximately 56 million abortions occur across the
globe—translating to 35 abortions per 1000 women. In Canada,
nearly half (~40%) of pregnancies are unplanned, and one-third

of women and pregnancy-capable people will have at least 1
abortion in their lifetime [2,3]. Medication abortion using
mifepristone is the international gold standard for first-trimester
medication abortions and currently accounts for over 50% of
all abortions in most European countries and the United States.
Canada’s unique regulations allow nonphysician prescribers to
prescribe and dispense the medication and allow people without
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access to ultrasound to access medication abortion services.
Despite 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
people in Canada experience more abortion access barriers than
non-Indigenous Canadian people [6]. In addition, approximately
18% of people in Canada traveled more than 100 km to access
abortion services [7]. While most clinicians in Canada indicated
providing abortion services to underserved populations, the
majority of them did not have the appropriate cultural training
to provide care to underserved populations. For instance, a recent
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 professionals in providing equitable abortion services
to underserved populations in Canada. In this paper, we reported
on the processes we adopted in redesigning our
already-established web-based community of practice platform

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 resources to 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
professionals 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 5 iterative
design phases. The five phases include (1) content creation and
review, (2) development of wireframes, (3) adaptation of
wireframes to end-user needs, (4) development of a functional
product, and (5) user evaluation. 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
a schematic presentation of the website’s development process.
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Figure 1. A schematic depiction of the website development process.

Ethical Considerations
This project was approved by the University of British Columbia
Behavioral Research Ethics Board (approval H22-03342). All
participants who took part in the interviews were provided with
CAD $150 (US $103.34) honoraria.

Phase 1: Content Creation and Review

Overview
The content creation phase comprised 2 steps to ensure that the
content is up-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 Canada to curate relevant content
for the website. To ensure high-quality, appropriate,
evidence-based materials specific to Canadian health care
professionals, we focused our content curation efforts on sources
within Canada as well as trusted and reliable international
evidence on medication abortion. The main sources for curating
our content include the national health professional organizations

(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 Australia (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 this newly available service in 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 process yielded a
total of 308 documents detailing resources on medication
abortion. These were compiled into a Microsoft Excel sheet,
and 147 duplicates were removed. Following this, we conducted
an initial screening of the resources by examining the titles,
abstracts, headings, and subheadings to determine their 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 social).
Since our objective was to improve equitable access to abortion
among underserved populations, medication abortion resources
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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 also
excluded resources that were exclusively focused on procedural

abortion, contraception, or general reproductive health or
illnesses. Procedural abortion resources were 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.

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 is in
line with current practices, we engaged 10 health care and allied
helping professionals providing abortion services to review the
37 resources for accuracy, currency, and relevance for providing

medication abortion, particularly for equity-deserving
populations. These health care professionals include 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 parts that 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 all
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 differences and
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 evaluation, 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

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 is a visual
guide that shows a skeletal framework of a web 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 allocation 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.

Figure 3. A screenshot of the wireframe.

Phase 3: Adapting the Wireframes to the Needs of
Underserved Populations
After populating the skeletal framework with the revised content,
we then conducted a focus 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 professionals to provide inclusive, gender-affirming,

and culturally safe abortions to underserved populations in
Canada. We also 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 populations.

The focus groups were led by author AFA, with assistance from
RC. Each session lasted approximately 1 hour, and the data
were transcribed verbatim. The data from this focus 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 helped to minimize the design flaws and
reduce the possibilities for major changes once a product was
eventually developed.

Phase 4: Development of a Functional Website
After making changes to the Figma design, we engaged our
software engineers to translate the Figma design into a
functioning website. To further explain the Figma design to the
development team, we wrote a Systems Requirements
Specification Document to further explain the Figma design 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
shows the interface 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.

Figure 4. The home page of the functional website.

Phase 5: User Evaluation
We conducted a user evaluation of the website using a
think-aloud observation method with 26 health 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 services to
equity-deserving and HSPM populations, understand the ease
of use of the website, detect any design flaws, and make final
changes before the website is launched. During the think-aloud

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 the website that 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 also
provided recommendations on how this web-based platform
could be adapted to support them in providing inclusive abortion
care to underserved populations.

Findings From the Focus Group Discussion

Overview
The participants expressed their satisfaction with the layout 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 culturally 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 professionals to provide inclusive 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] I get patients that cannot speak
English properly. In such cases, it will be good to
have some resources in their language that I 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 providers in rural areas with
poor internet access to access resources.

Indigenous and Gender-Diverse Resources
The participants also called for the inclusion of Indigenous and
2SLGBTQI+ resources on the website because they indicated
that one of the groups facing the most barriers to accessing

health services includes Indigenous groups and the 2SLGBTQI+
populations. This could be seen in one of the statements given
by one of the participants:

it isn’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 calls were particularly made by participants who provide
services to Indigenous communities. Other participants indicated
a need for a learning hub or short courses on Indigenous cultural
safety, gender-affirming, and trauma-informed abortion
care—arguing that these additional knowledge sources will 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
were refugees, recently landed immigrants, or people
of color and trans communities. You know there is a
significant intersection between such populations and
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 also indicated the need for the website to contain
geolocation features that can map out nearby abortion providers
and pharmacies outside of people’s communities. One
participant stated:

I provide services in a local community, and some
don’t feel comfortable seeking abortion services from
me because I may probably know them. When this
happens, it’s difficult 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 providers that they can approach
with comfort.

According to the participants, this will make visible nearby
abortion providers that could serve as alternative 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
the website, as participants serially identified gaps and problems
to be addressed before it was launched. Some health 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 Image of Abortion via Visual
Effects
Some health 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 I feel that
when I am looking into abortion care, I just want to
take this stigma away. So, having colors that are dark
for me is like you are doing something bad, right? So
maybe having some lighter colors and highlighting
on socio-cultural aspects of abortion would be helpful.
People need to feel that abortion is normal 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 are irresponsible adults without children
or families. One participant stated:

This website is about 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.

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 also
acknowledged that being comprehensive might make the website
a less suitable quick reference guide, particularly during
clinician-patient encounters. This concern could be a challenge
for high-volume providers and providers in rural and remote
areas. One midwife stated:

the information that I’m seeing is actually really good.
It’s really good information, and I’m intrigued 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-à-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 access to 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 evaluation data demonstrated
an accessible, acceptable website that could better equip health
and allied helping professionals to provide equitable, culturally
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
uncertainties in providing abortion [22]. The limited 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
knowledge to provide abortion to patients who face intersecting
barriers to access services while also enhancing timely
decision-making for health professionals in rural 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. This is important at a time when 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]. Health 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. This is more relevant, as there is an 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
stakeholders from diverse clinicians and organizations was 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
cocreating this web-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]. In the 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 disabilities, homeless
and underhoused people, sex workers, 2SLGBTQI+ people,
Indigenous people, and youths) [21,27]. Indeed, available
evidence suggests that 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, as it cedes all decisions on the content
and structure in the hands of the end-user clinicians who may
have first-hand experience in providing services to underserved
populations. This approach to developing 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 professionals can provide abortion
services to underserved populations who present with complex,
historical, and intersecting health challenges. This approach is
more likely to lead to a seamless translation of the web platform
into practice since the clinicians and partner organizations were
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 health care [32]. The inclusive design
recommendations from the participants in this study were aimed
at equipping health care professionals with the necessary tools
to address inequities in access to abortion care. The integration
of low-bandwidth connectivity for instance would improve

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. While the argument for geolocation features was seen
as a way of helping patients easily locate abortion providers
and pharmacists, some were concerned that geolocation services
could be used by antichoice groups to 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 was to design a web 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’voices in 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 the time 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 due to 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 practically
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 as well as those living in or providing abortion services
in rural or remote areas), it was difficult to find health
professionals who identify as or has expertise in all these diverse
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
believe that a platform 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], a website 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

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. This platform is also expected to provide the necessary
resources needed to support health care professionals in
providing evidence-based and culturally safe medication
abortion for health care professionals in 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, as it gains insights into their quality of life. Methods such as the Microsoft Excel-based Maastricht
Electronic Daily Life Observation (MEDLO) tool are time-consuming and require extensive manual input, making them difficult
to use.

Objective: This study aimed to develop an app-based version of the MEDLO 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 MEDLO before, throughout the development process.

Methods: Participants included a diverse group of researchers and care professionals experienced in using the MEDLO tool.
The UCD approach involved multiple iterative phases including 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 MEDLO, underwent multiple iterations. This method primed the continuous iterative
development of the app, aimed for a minimum viable product (MVP).

Results: This study 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: The iterative 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:e57911)   doi:10.2196/57911

KEYWORDS

co-design; user-centered design; app development; nursing home; user-centered; design; efficiency; usability; tablet; mobile
phone

Introduction

Assessing the daily lives of older adults, particularly in the
context of nursing homes, is essential for gaining insights into
quality of life [1,2]. It allows health care providers to detect and
address issues related to their physical health (eg, mobility
limitations, pain), mental well-being (eg, mood disturbances,
cognitive decline), and social 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,

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 patterns and 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 the tools [9,10]. The Maastricht Electronic Daily
Life Observation tool (MEDLO-tool) is designed to assess the
daily lives of nursing home residents using EMA methodologies
[1,4]. The tool captures real-time information across several
key dimensions of daily life, including activity levels (eg,
participation in communal or solitary activities), agitation, mood
states, and interactions with staff, fellow residents, and visitors
[1,4,11]. By systematically observing and recording these
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aspects, the MEDLO-tool provides a nuanced 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 data entry errors,
time inefficiency, and barriers to widespread adoption in clinical
settings [12,13]. This complexity 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 a thorough understanding of the needs and
preferences of the end-users. A user-centered design (UCD)
approach is vital for developing software that truly meets users’
needs [14,18]. UCD emphasizes involving users throughout the
design process to ensure that the product aligns with their
requirements and preferences [19]. This involves iterative cycles
of user need assessment, design, prototyping, and testing [20].

Co-design, a component 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 data analysis, as illustrated in Figure 1. The
project culminated in the achievement of a minimum viable
product (MVP).

Figure 1. The iterative process of app development. MVP: minimum viable product.

Participants
Participants were selected through purposive sampling to include
individuals with experience using the MEDLO-tool. The sample
consisted of researchers and health care professionals affiliated
with Maastricht University and local nursing homes. Inclusion
criteria were previous use of the MEDLO-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.

Interviews
Semistructured interviews were guided by a comprehensive list
of topics derived from available literature and consultation with
the researchers who developed the original MEDLO-tool [1,4].
The interview guide can be found in Multimedia Appendix 1.
The interviews aimed to gather insights into participants’
experiences with the Excel-based MEDLO-tool, usability issues,
functionality requirements, data analysis techniques, and general
impressions [27]. Each interview lasted approximately 45 to 60
minutes and was audio-recorded with participants’consent. The
audio was transcribed verbatim for analysis. The interview 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]. The inductive analysis
was conducted by one researcher. A second researcher reviewed
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the coding to enhance trustworthiness. This comprehensive
process involved 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 valuable insights for 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 hours and was held at Maastricht
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 sessions was informed
by previous co-design methodologies [1,3,31].

Data Analysis

Qualitative Analysis of Interviews
Interview recordings were transcribed verbatim and analyzed
using thematic analysis following Braun and Clarke’s 6-phase
approach [28]. A total of 2 researchers independently 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-tool,
informing the app development. The overall process of thematic
analysis was guided by earlier works in this field [29,30]. The
session guide is 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
one researcher, who coded feedback and categorized issues into
4 themes: 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 on iOS and Android devices. The server-side (ie,
where the data are sent to) used “ASP.NET Core” (ie, a

framework designed by Microsoft) for a maintainable and
performant application. The development process was iterative,
with weekly meetings between developers and researchers to
integrate user feedback from the interviews and user research
sessions.

Usability testing involved participants completing specific tasks
using the app prototypes while researchers observed and noted
any issues. Testing sessions were conducted in a controlled
environment to simulate actual usage conditions. Feedback from
these tests informed further refinements and addressed potential
adoption or feasibility issues.

Ethical Considerations
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 also confirms that studies conducted with minimal risk,
such as those analyzing 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 affiliated 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%) 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 developers of the
MEDLO-tool. Table 1 presents the demographic information
of the participants in detail.
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Table . Demographic information of the participants.

ValuesCharacteristic

Age (years), mean (SD)

36 (7.7)24‐57

Gender, n (%)

13 (93)Female

1 (7)Male

Time at institution, mean (SD)

6 (3.3)6 months to 16 years

Use of the tool, n (%)

12 (86)Used in research

2 (14)Inspiration for another tool

Contact with developers, n (%)

14 (100)All participants

Participants’ affiliations, n (%)

9 (64)University

4 (29)Health care provider

1 (7)Unemployed

Interviews
The participants described the process of using the MEDLO-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 issues with the data (such as missing
values or inconsistencies), (6) analyzing the data, and (7)
communicating the data back to the care organizations.

Participants emphasized that the preparation of the tool and the
subsequent data cleaning were particularly 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 all of this into the Excel sheet.” Another participant
highlighted the challenges faced after data collection, “After
the observation is done, I have to go through the whole
document to check all the fields that I didn’t have time to fill
out or that I 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 the logistical

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 a timer
on our phone to ensure that we don’t spend too long on any
resident. This is a lot to carry around.” Regarding data reporting,
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
PowerBI). 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
organization, we make a PowerPoint presentation that includes
aggregated numbers. This usually takes place several months
after the observations.” Another participant suggested: “I think
some of the numbers could be reported back automatically.”

Overall, participants preferred using a tablet compared to using
pen and paper, citing the intuitive data entry process. However,
they also mentioned that a tool compatible with smartphones
would be beneficial, especially for care professionals who might
find tablets less convenient. One participant remarked, “I think
the tool works well, but I’m not sure if it would be usable like
this for 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 as they were presented to the participants. Multimedia
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Appendix 4 provides a detailed 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 development.
One participant commented, “I know we have a lot of complaints
about the app, but we really appreciate the work [the
development team] has done already.” However, participants
also identified several areas for improvement. They expressed
concerns regarding certain features of the app, such as the timer
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’s timer did not adequately support this need. One participant
suggested, “What could be nice is 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 MEDLO-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 a list.

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 I
randomize the participants in 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 development 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’s an issue
when I lose connection, or whether I lose my data.” Another
participant discussed data export capabilities, “These are the
data you see when you download the Excel file. With Excel, it
looks a bit different, but what you see here are all the column
names.”

Second User Research Session
Following the initial user research session, the app was updated
to address the feedback received. Adjustments were made to

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
concerns was that the app was not yet fully translated into Dutch;
while significant progress had been made, some parts remained
in English. Participants emphasized the importance of complete
translation before the app could be effectively used by nurses
and other care professionals. One participant remarked, “Most
of the app has been translated, but some of the texts are still
only in English.” Another participant added, “This all needs to
be translated before we can hand this to nurses.”

Participants also suggested that the criteria for showing and
hiding fields 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 complete to provide clearer
feedback to the user. One participant explained, “I 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 take longer. Furthermore, participants emphasized the
importance of ensuring that the app’s manual could be accessed
from within 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 development 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
MEDLO-tool aimed at assessing the daily life of residents with
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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 a decrease 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 development
[34-37]. While participants provided valuable suggestions, not
all could be implemented due to conflicting requests and
constraints related to usability standards. For instance, some
users desired a more complex timer feature, whereas others
preferred simplicity. Decisions were made to benefit the majority
and adhere to platform guidelines to ensure familiarity and ease
of use [34,35].

The effectiveness of the UCD approach in this study aligns with
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 accelerating the development
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 MEDLO-tool,
involving a broader range of stakeholders, including nurses and
other care staff, could provide additional insights into usability
and practical implementation. Furthermore, the app was not

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 app in
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 as artificial intelligence and machine learning,
to enhance data analysis and provide predictive insights [42,43].
For example, natural language processing could be used to
automate the interpretation of observational data, aiding care
providers in identifying patterns and potential areas for
intervention. However, implementing such technologies would
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 valuable insights into the app’s integration into existing
workflows and its impact on the quality of care provided to
residents. In addition, longitudinal studies could assess the
long-term effects of using the app on care outcomes and staff
satisfaction. This information could inform further refinements
and improvements to the MEDLO 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 a more 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 MEDLO app shows that a UCD
approach can provide real benefits in the development of a
digital tools in nursing homes.
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The interview guide used for the user research sessions.
[DOCX File, 14 KB - humanfactors_v12i1e57911_app2.docx ]

Multimedia Appendix 3
A screenshot of what the dashboard of the application looks like.
[PNG File, 165 KB - humanfactors_v12i1e57911_app3.png ]

Multimedia Appendix 4
Feedback from the initial user research session.
[DOCX File, 16 KB - humanfactors_v12i1e57911_app4.docx ]

Multimedia Appendix 5
Feedback from the second user research session.
[DOCX File, 15 KB - humanfactors_v12i1e57911_app5.docx ]
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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 care workflows is limited 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 elicit 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
calls. Areas to improve identified practice changes from reporting RPM alerts through digital portals and its influence on clinicians’
workload burden. Interview sessions revealed 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.
Improvements to address RPM challenges include functional changes to enhance the program’s utility, such as input from patients
about temporal changes in their symptoms and technical resources for home monitoring devices.

(JMIR Hum Factors 2025;12:e60585)   doi:10.2196/60585
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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 care delivery, yet traditional oncology care models
often lack communication 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 (MSK) 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
development and integration of the organizational RPM project,
as well as the patients recruited have been previously published
[3,9-11]. However, limited research exists describing the
perspectives and experiences of the clinician end users regarding
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
initiative supporting center-wide symptom management during
the transition 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 the initial
RPM implementation. The Consolidated Framework for
Implementation Research [12] guided this study to query
oncology clinicians, the key contributors to this management

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 qualitative (interviews and focus
groups) to characterize the phenomenon and context of
integrating RPM into the practice setting [13-18]. This approach
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 sessions to 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
clinicians in this study were the first group of end users involved
in caring for oncology patients using RPM. The RPM program
was rolled out sequentially, beginning with the oncology
services that 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
clinicians who 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%).

m-Adapted health questionnaire disseminated, n (%)aOncology specialty disease management service

23 (24)Thoracic (THR)

30 (31)Gastro-intestinal (GI)

15 (15)Breast (BR)

6 (6)Sarcoma (SAR)

6 (6)Genito-urinary (GU)

5 (5)General medicine oncology (GMO)

4 (4)Head & neck (HN)

2 (2)Melanoma (MEL)

2 (2)Myeloma (MYL)

1 (1)Bone marrow transplant (BMT)

1 (1)Lymphoma (LYMP)

1 (1)Leukemia (LEU)

2 (2)Covering clinicians/no specific service

98 (100)Total surveys sent

aPercentage of the sample.

Data Collection

Survey
Eligible clinicians in this study who met the study criteria were
identified using the RPMs dashboard. Clinicians were recruited
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
the clinicians, broad demographic data were 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 overall
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 α for all scale values
was >0.7 with scores ranging from 0.85 to 0.92. Permission to
use the questionnaire was not required [24].

Interview Sessions and Guide
Clinicians who 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 contextual characteristics related
to the clinician’s experience with RPM [26,27]. The interview
guide was 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 PI (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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Table . Interview guide.

Aligns surveyProbe questionsMain statementsTopic

Qb 3,4Topic 1: provide general informa-
tion about the topic of study and ask
questions related to the specific ser-
vice and the specific patient needs.

•• Can you briefly describe the
patient group in your office
practices (patient symptom
burden, any factors in this
group that need to be addressed
through RPM)?

Where do you work?
• Can you tell me about your

work with RPMa?
• What can you tell us/each other

about RPM?

• Can you describe your work-
flow and the technology sys-
tems used in your daily work
activities?

• Can you describe the work-
flow, and the systems used
when providing care?

• How does the RPM fit into the
care workflow?

Q 7,9,10,13Topic 2: issues and barriers that are
specific to using the RPM.

•• What functionality is found in
the current systems and appli-
cations used during patient care
activities to make caring for
patients easy?

What are the strengths/barriers
to using RPM from the nursing
perspective?

• What are the strengths/barriers
to using RPM from the pa-
tient’s perspective? • What functionality in the RPM

is not working? Describe?• Do you think RPM is valuable:
to nurses the patients? • Do you think the patients like

using the RPM?
• Does the RPM provide value

for the patients? Care?
• Do you think patient education

about the RPM helps?

Q 18‐20Topic 3: practice workflow; getting
to the issue about the RPM, frequen-
cy of using the toolkit, and the influ-
ence of workflow.

•• Describe how you use the
RPM (and patients with remote
monitoring devised, ie, pulse
oximetry)

How does the RPM toolkit
work with your workflow?

• How do you use the RPM apps
to provide care?

•• How do you use the informa-
tion in caring for your patients?

How do you use the RPM
toolkit using the digital apps?

• Can you describe the communi-
cation among practitioners us-
ing the RPM?

Q 23‐25Topic 4: functionality, if modified,
would be meaningful and helpful
for the RPM, improved workflow,
user satisfaction, and improved pa-
tient outcomes.

•• If you could fix anything about
the RPM, what would it be?

What are your thoughts about
how RPM functions?

• To what extent do you think
the modifications described
could influence patient out-
comes that patient care?

• How could it be improved?

• What current functionality has
the greatest influence on
workflow?

aRPM: 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

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].

Interviews 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].
The rigor 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 Considerations
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 follows the ethical principles and guidelines of the
Belmont Report. All responders to surveys completed 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

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 majority of clinicians who 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
Overall, 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)a.

Unknown, nDisagree/somewhat
disagree/strongly
disagree, n (%)

Neither agree nor
disagree, n (%)

Agree/somewhat
agree/strongly

agree, n (%)b

Total responses, nStatements about remote patient monitor-
ing (RPM)

Ease of use and functionality as easy to learn

37 (26)2 (7)18 (67)271. RPM is easy to
use

35 (18)7 (15)18 (67)272. RPM is easy for
me to learn

414 (54)4 (15)8 (31)263. Liked the digital
interface of the pa-
tient data received
through portal se-
cure message alerts

47 (27)12 (46)7 (27)264. I liked the digital
interface of the pa-
tient data received
through the
Splunk/summary
dashboard

54 (16)9 (36)12 (48)255. Information in
the Splunk/summa-
ry dashboard was
well-organized

Integrating the RPM into workflows

37 (26)6 (22)14 (52)276. RPM has usable
functions and capa-
bilities

314 (52)1 (4)11 (44)277. RPM has been
appropriate for me
to care for patients

312 (44)4 (15)11 (41)278. Easy to integrate
into my current
clinical workflow

Acceptable for practice

412 (46)5 (19)9 (35)269. An acceptable
way to coordinate
health care services

415 (58)1 (4)10 (38)2610. Improved com-
munication be-
tween my col-
league’s office
practice teams for
patient symptoms

511 (44)5 (20)9 (36)2511. Prompts me to
refer patients to a
specialist for symp-
tom management

410 (39)4 (15)12 (46)2612. RPM is useful
for my health care
practice

316 (59)4 (15)7 (26)2713. Improved my
ability to deliver
health care services

311 (41)5 (18)11 (41)2714. Helped me
manage my pa-
tient’s symptoms
effectively
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Unknown, nDisagree/somewhat
disagree/strongly
disagree, n (%)

Neither agree nor
disagree, n (%)

Agree/somewhat
agree/strongly

agree, n (%)b

Total responses, nStatements about remote patient monitor-
ing (RPM)

RPM convenience

412 (46)4 (15)10 (39)2615. Is convenient
for me to communi-
cate with patients

312 (44)4 (15)11 (41)2716. Had many more
opportunities to in-
teract with patients

413 (50)1 (4)12 (46)2617. Felt comfort-
able communicat-
ing with my pa-
tients about symp-
toms using portal
secure messaging

Devices and symptom management

312 (44)5 (19)10 (37)2718. Highlighted the
high-risk symptoms
(not pulse oxime-
try) provided the
correct correspond-
ing severity level
for the patient-re-
ported symptoms

38 (30)9 (33)10 (37)2719. Highlighted
symptoms related
to pulse oximetry
appropriately

38 (30)7 (26)12 (44)2720. Patients were
appropriately identi-
fied for pulse
oximeter monitor-
ing.

48 (31)8 (31)10 (38)2621. Pulse oximeter
monitoring enabled
me to more effec-
tively manage my
patient’s symptoms

35 (19)2 (7)20 (74)2722. High-risk
symptom alerts
were confirmed up-
on communication
with the patient by
telephone

Satisfaction, value, and recommendations

315 (56)9 (33)3 (11)2723. Using RPM has
improved my job
satisfaction

421 (81)2 (8)2 (11)2624. Using RPM de-
creased my work-
load

312 (44)7 (26)8 (30)2725. Adds value to
how I can care for
my patients

312 (44)7 (26)8 (30)2726. Patients report-
ed the value of par-
ticipating in RPM
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Unknown, nDisagree/somewhat
disagree/strongly
disagree, n (%)

Neither agree nor
disagree, n (%)

Agree/somewhat
agree/strongly

agree, n (%)b

Total responses, nStatements about remote patient monitor-
ing (RPM)

314 (52)4 (15)9 (33)2727. Overall, I am
satisfied with the
using RPM

311 (41)6 (22)10 (37)2728. I would use
RPM again to mon-
itor the symptoms
of patients

413 (50)5 (19)8 (31)2629. I would recom-
mend the RPM to
my colleagues

aNumber 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%).

Integrated Workflows
The proportion of responses was fairly divided between
agreement and disagreement. While 14 (52%) clinicians agreed
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 care for their patients
and, 12 (46%) clinicians reported that the RPM was useful in
their practice.

Convenience in Patient Care
Despite similar proportions of agreement and disagreement
overall, a higher proportion of clinicians (13/26, 50%) disagreed
with feeling comfortable communicating with patients about
symptoms through portal messages.

Symptom Management
Clinicians reported that devices were appropriately used for 12
(44%) patients and that high-risk symptoms were confirmed

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 helped 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%) clinicians reported it did
not improve job satisfaction. In addition, 14 (52%) of the
clinicians were 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
the interview sessions.

Interview Sessions
The interviews 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. Subthemes were further explored
(Table 4).

Table . Themes and subthemes.

SubthemesTheme

Theme 1: Clinician understanding and usability constraints • Clinician uncertainty
• Repetitive alerts
• Alignment with clinician workflows
• Program value

Theme 2: Patient constraints • Appropriate patient enrollment
• Timing of enrollment
• Communication during and after enrollment

Theme 3: Suggestions for improvement • Clinical champions needed
• Program modifications
• Information technology support for end users
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Theme 1: Clinician Understanding 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 subthemes included
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.

I have only worked with it (RPM) for a couple of
patients in the outpatient setting, but I get a
notification (through) the portal … to notify us that
the patient has enrolled in the RPM program…During
this timeframe patients (complete) a survey every day
about their symptoms and how they feel. [R32]

Subtheme: Repetitive Alerts
All clinicians reported concerns about repetitive alerts from
daily patient surveys. Each day that a patient reported a symptom
and generated an alert [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; I am having trouble doing my
activities of daily living, so they are clicking that every
day. [R11]

Subtheme: Aligning With Clinician Workflow
Clinicians reported that before implementing the RPM, patients
were instructed to call the physician’s medical offices to 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,

ended up just doing that because they were home.
[R11]

Subtheme: Program Value
Clinicians reported that the RPM was of immense value to 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, I mean my patients would love
for me, a call them every day. I think patients prefer
(clinicians) calling them over 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 responsible for
educating patients about using RPM and program enrollment.
However, office practice clinicians stated that not all patients
enrolled by the discharge team were appropriate due to a lack
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.

There is 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. We need to
speak to that person (By phone). [R21]

Subtheme: Timing of Enrollment
Office practice clinicians reported that the time of discharge is
overwhelming for patients and inpatient unit teams have limited
time to prepare the patients to leave the hospital. During this
study, pandemic-related social distancing restrictions prevented
caregivers and family members from taking part in the discharge
process, further complicated RPM enrollment.

The second thing that I 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
Clinicians reported that a patient’s age was not a factor in RPM
enrollment, as older adults familiar with technology could
engage digitally with providers. However, patients with language
barriers or limited access to electronic devices needed assistance
from caregivers or family members similar to findings in a prior
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study [8]. The RPM assessments were intended 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 alerts.

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 Improvement

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 because it (the portal) is such
a big part of our job. More training is needed for
using (connecting) pulse ox to an iPhone (or other
devices ie, Android). [R11]

Subtheme: Program Modifications
Clinicians reported that patient enrollment before hospitalization
or early in their hospital admission would improve the transition
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 patients the 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 I 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 IT teams.

The patients are calling in a panic and you are trying
to walk them through over the phone how to set up
the device (RPM on patient’s device ie, phone, tablet).
If it was not set up correctly on discharge, or the
device is just not working. (These issues) add more
stress to the patient, but it also adds stress to 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. Initially, clinician survey responses
highlighted concerns about their understanding, perceptions,
and challenges when using RPM as well as its influence on their
clinical 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’s value for both clinicians and patients as a care
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
clinicians during the initial 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 confidence includes continuing
educational tutorials from the initial RPM orientation and more
technical and clinical support for both patients and clinicians.
These efforts would facilitate aligning clinician workflows with
clinical practice, thus leading to reduced stress and improved
job satisfaction when caring for oncology patients using RPM
[7].

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 surveys instead 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 caregivers with completing postdischarge symptom
assessments at home. A similar study recommended that
concerns revealed by patients and caregivers postdischarge
could be included in future clinical outcomes [37]. Additionally,
the timeframe for enrolling patients in RPM was another
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constraint identified by clinicians. Although older patients were
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 alerts from 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 all 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 clinicians in 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 leaders provide consistent
status updates and education about RPM functionality through
tutorial videos in an accessible location. Additional
technological support could improve data collection and relieve
clinicians of the burden of providing technical support for
patients at home [41,42], which is not the best use of their skills
[43].

Strengths and Limitations
The consistent reports from survey responses and interviewed
clinicians strengthen the study’s findings 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 trials and implementation
science to enhance the usability and value of RPM in oncology
practice.

The sample was limited to only clinicians who 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 generalizability 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 Institute calls for studies about
cancer-related interventions, which also include program
effectiveness from the perspectives of both patients and clinician
end users [44]. This study contributes to the National Cancer
Institute’s initiatives, demonstrating that RPM is a valuable
method for communicating with clinical providers and 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 a final rule to allow 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 a test 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, as if 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 sessions were video recorded and analyzed to identify use errors and design improvement opportunities.

Results: Usability issues were identified in all 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 success in 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.

(JMIR Hum Factors 2025;12:e65142)   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

Introduction

Approximately 1 in 4 people older than 12 years of age in the
United States have hearing loss in 1 or both ears [1], and 30

million American adults could benefit from hearing aid use [2].
Hearing loss is associated with an increased risk for falls [3]
and may lead to cognitive decline [4] and dementia [5]. Yet,
only 1 in 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 a final rule in 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 devices do not
require a prescription and can be sold at retail outlets including
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 device is appropriate 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. This review process
includes rigorous human factors usability testing with
representative users to 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 intravenous infusion
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]. There remains limited research on the safety and usability
of direct-to-consumer medical devices, especially 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

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 is minimal,
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 especially important. In this study, we
evaluated the safety and usability of an over-the-counter hearing
aid among adults in the United States.

Methods

Ethical Considerations
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’s institutional 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 evaluated 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 a suggested 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 a smartphone 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) come in a small charging case and can be used up to
12 hours on a single charge.
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Figure 1. Front and back of the device box.

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 iPhones in the usability testing since
the Jabra Enhance app was only available for iPhones at the
time of testing. We recruited two participant populations for

the study, (1) intended users of the device and (2) nonintended
users (Textbox 1). We identified potential participants meeting
our study criteria through medical record chart review, university
newsletters, and word of mouth. Eligible participants conducted
a prescreening questionnaire, via phone call or email, to verify
they met the inclusion criteria for the study before scheduling.
The testing occurred from December 2020 to August 2021.

Textbox 1. Eligibility criteria for intended and nonintended users.

Intended users (adults aged 18+) with:

• Mild to moderate hearing impairment

Nonintended users (adults aged 18+) with:

• Normal hearing,

• Severe to 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 the device. Based on the safety and usability issues identified
in the testing round (round 1), we made recommendations for
modifications to the device packaging and app screens. We then

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.

Tasks for intended users (rounds 1 and 2)

• Read outer label and indicate if use is appropriate

• Set up the hearing aids and app including

• Find and open hearing aid app

• Register product and accept terms and conditions

• Pair the hearing aids

• Finalize the set up of the hearing aids

• Fit the hearing aids into ear

• Recharge the hearing aids

• Clean the hearing aids

Tasks for nonintended users (round 3)

• Read outer label and indicate if use is appropriate

• Read the inner 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 the devices to 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
device including adults with normal hearing, adults with severe
to profound hearing loss, and adults with tinnitus or severe
dizziness. Round 3 participants were scheduled for a 30-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 line with 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. The interview guide
can be found in Multimedia Appendix 3. All sessions were
video recorded and uploaded to Morae (TechSmith), a software
suite for usability testing that supports video annotation (eg, of
use errors) and logging of tasks.

Data Analysis
One researcher coded the videos in 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 calculated the task success
rate. A task was only scored as a success if the user was able to
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
factors researchers reviewed all identified errors and participant
difficulties completing tasks to develop 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 al [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 ratings for each task
and round of usability testing.

While we identified minimal safety concerns with the device,
we identified numerous usability issues, which led to several
design modifications. We outline the key issues identified from
the usability testing in the following sections.

Table . Participant demographics for each usability testing round.

Round 3 (nonintended users, n=21)Round 2 (intended users, n=15)Round 1 (intended users, n=5)

Hearing loss, n (%)

18 (86)0 (0)0 (0)    None or normal hearing

0 (0)7 (47)2 (40)    Mild

0 (0)2 (13)1 (20)    Mild to moderate

0 (0)6 (40)2 (40)    Moderate

3 (14)0 (0)0 (0)    Severe

5 (24)0 (0)0 (0)Tinnitus (ringing in ears), n (%)

65 (52‐77)66 (56‐79)65 (57‐73)Average age (years), n (range)

13 (62)8 (53)2 (40)Women, n (%)

Education, n (%)

5 (24)5 (33)0 (0)    High school or General Education-
al Development

4 (19)2 (13)1 (20)    Associate’s or trade school

7 (33)3 (20)2 (40)    4-year college

5 (24)5 (33)2 (40)    Graduate or professional school

Table . Usability testing performance.

Task 5Task 4Task 3Task 2Task 1Measure and round

Task success rate, n (%)

3 (60)5 (100)2 (40)2 (40)3 (60)Round 1

10 (67)15 (100)7 (47)10 (67)12 (80)Round 2

———a10 (48)10 (48)Round 3

Average task duration (minutes), mean (SD) b

1.08 (1.1)0.50 (0.2)1.37 (0.6)9.33 (0.5)0.72 (0.3)Round 1

0.95 (0.8)0.67 (0.6)2.21 (0.9)11.24 (4.0)0.83 (0.5)Round 2

—————Round 3

Average difficulty rating, mean (SD) c

5 (0)5 (0)4.2 (0.8)3.4 (1.2)4.6 (0.5)Round 1

4.67 (0.6)4.53 (0.8)3.73 (1.2)3.27 (1.4)4.87 (0.4)Round 2

———4.43 (0.9)4.71 (0.6)Round 3

Number of use errors per participant, n

00040Round 1

00.60.54.90Round 2

———0.70Round 3

aNot applicable.
bOnly includes times for participants who successfully completed the task.
cScale from 1 to 5 (1=very difficult, 5=very easy).
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Package Labeling
Overall, we found minimal safety issues with the set up and use
of the device across all 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, I would have walked right by them.”

A total of 3 participants in usability testing rounds 1 and 2 failed
task 1 (read outer label) since they could not determine if it was
appropriate for them to use the product based on the outside of
the box. We identified the same problem with nonintended users
of the device, with over half of the participants in 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

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). In round 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 changes to the Quick Guide prior to round
2. As shown in Figure 3, the Quick Guide was revised 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).

Following these design changes, task 2 success rate increased
from 40% (2 out of 5 in round 1) to 67% (10 out of 15 in round
2). Yet, there were still several 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. Several participants had trouble reading
the Quick Guide instructions as the text was too small (see
Figure 3). A total of 3 participants did not know what to do after
pairing the earbuds to the phone. Finally, it was unclear to

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 Left Earbud
Participants had difficulty determining which earbud was for
the right versus the left 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 a right and a left?” while another participant said, “I 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’s an R on the end, that’s really hard to see.
I’d make that bigger...yeah that’s really hard to see.

The inability to distinguish the right from the left 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

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 I would have looked at this first.

Another participant asked, “Where are the directions?” In total,
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 verbalize this.
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.

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 place in
their ears. They appreciated the different sized ear gels and the

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, participants liked that they could adjust
the hearing aids’ settings on their phone.
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Participants recommended several areas for improvement. Most
participants desired a longer 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 also 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”

because I have a very hard time hearing when there
is background noise.

Some participants also found the contrast of white and red text
on a gray background hard to read.

Knowledge Assessment
Table 3 details the scores for each of the 10 knowledge
assessment questions across all 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.

Table . Knowledge assessment (percent correct answers).

Round 3 (n=21), n (%)cRound 2 (n=15), n (%)bRound 1 (n=5), n (%)aQuestion topic#

13 (62)13 (87)1 (20)Tinnitus1

15 (71)15 (100)0 (0)Sinus infection2

5 (24)8 (53)4 (80)Severe hearing loss3

11 (52)11 (73)1 (20)Rapid hearing loss4

15 (71)12 (80)1 (20)Preference for earbuds5

7 (33)4 (27)3 (60)Laryngitis6

17 (81)13 (87)5 (100)Sore in ear7

11 (52)12 (80)3 (60)Ear wax8

11 (52)9 (60)4 (80)Dizziness9

21 (100)15 (100)5 (100)Ear infection10

aAverage percent correct: 50%.
bAverage 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,

2, 3, and 7 in Table 4) were implemented prior to subsequent
testing rounds and all 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 al [22]).
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Table . Design recommendations derived from the results of 3 rounds of usability testing.

Corresponding human
factors principle

Design recommenda-
tion

Addressed before
product release?

Addressed before
round 2 testing?

Priority#

Readability (font and
capitalization)

YesYesHigh1 • Increase the font
size of the text in
the Quick Guide

Organization (order)YesYesHigh2 • 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 a pic-
ture of the app)

•         Register and
set up the hearing
aids following the
steps on the app

•         Pair the hear-
ing aids with the
iPhone (show pic-
tures to show the
steps of going to
settings > accessi-
bility > hearing
devices), select
“New Hearing
Aid” device, ac-
cept both pairing
requests

•         Return to the
Jabra Enhance
app (show picture
of returning to
app)

Organization (naviga-
tion tools)

YesYesHigh3 • Add a section in
the user manual’s
table of contents
for “Intended use
and warnings”

Content (emphasis)NoNoHigh4 • Add a screen in
the app that lists
the contraindica-
tions of use (eg,
severe hearing
loss, tinnitus, and
dizziness). This
could be a screen
after the registra-
tion in the app
that participants
acknowledge they
understand rea-
sons they should
not use the de-
vice.
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Corresponding human
factors principle

Design recommenda-
tion

Addressed before
product release?

Addressed before
round 2 testing?

Priority#

Readability (font and
capitalization)

• Increase the font
size of text about
contraindications
and intended use
on the outside of
the box.

NoNoMedium5

Content (clarity of
content)

• More clearly indi-
cate on the box
that the device is
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:
•     Strain to follow

conversations in
both quiet and
noisier environ-
ments

•     Miss important
information dur-
ing conversations

•     Have trouble
hearing at a dis-
tance

•     Have trouble
understanding the
television or tele-
phone calls”

YesNoMedium6

Comprehensibility
(terminology)

• Revise the app
name and other
aspects in the app
and user materials
to have a consis-
tent term for the
Jabra earbuds, for
example, “Jabra
Elite,” “Jabra ear-
buds,” and “Jabra
hearing aid.”

YesYesLow7

Readability (layout and
position)

• Make the cut-out
in the white box
bigger so that the
entire “User Man-
ual” text can be
seen (Figure 4),
and add text direct-
ing users that the
user manual is un-
der the white box.
Could say “User
Manual” with an
arrow pointing
below the box.

YesNoLow8

YesNoLow9
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Corresponding human
factors principle

Design recommenda-
tion

Addressed before
product release?

Addressed before
round 2 testing?

Priority#

Organization (naviga-
tional tools)

• Add a note on the
“manual pairing”
page of the user
manual that partic-
ipants should re-
fer to the “first
time use” section
if it is their first
time setting up
the device: “if this
is the first-time
use, please refer
to page X.”

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. Due to participants’ difficulty finding the user manual and
getting it out of the bottom of the box, we recommended placing
the user manual on the top so the user sees and touches it 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 size in the Quick Guide
be significantly increased given the older population intended
to use this device. We also recommended modifying the Quick
Guide to clearly outline the pairing steps (eg, go to “Settings”
then “Accessibility” then “Hearing devices”). As participants
did not know to return to the app to complete 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,... or a, b, c,...).

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. We identified 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.

This work expands our understanding of the safety and usability
of novel, over-the-counter hearing devices [18,26]. Overall, we
found minimal safety-related issues with the device. The primary
safety risk is that the diagnosis and treatment of a serious
condition, such as sudden deafness due to infection, may be
delayed due to the lack of medical screening prior to the device

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 use the device. This issue underscores the importance
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.

Usability 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
in the 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 be incorporated 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 appreciable 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 a large font such that they covered much of
the back of the box. However, this would not be aesthetically
appealing and there were concerns that 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 are important [16] and
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it can be challenging to achieve both concurrently resulting in
trade-off decisions. For devices with 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, especially 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 the intended 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]. This is a
unique issue with over-the-counter devices, as there is no clinical
mediation to ensure appropriate use. During testing, we found
that only 50% of nonintended users were 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 due to the nature of usability
testing. Future research should explore additional methods or
approaches for eliciting 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 use would increase or alternatively, new usability issues may

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 technology, and education level, our sample
may not have included the full range of end user cognitive
abilities, experiences, and backgrounds. In the real environment
of use, older adults may rely on adult children or other family
members to assist with device pairing and set up; our study
highlights the usability issues encountered by older adults setting
up the device on their own, without assistance. We also 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 time to determine if 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 lays the foundation for future studies on best
practices for the user interface design of direct-to-consumer
medical devices.
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Abstract

Background: Falls in hospitalized 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 falls in 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 a fall 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 a fall.
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; ≥80 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/m²: HR 1.57, 95% CI 1.01‐2.44 vs ≥25 kg/m²), 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 vs rank J), 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 falls within 1 year (yes: HR 1.66, 95% CI 1.21‐2.27) as
predictors of falls. Using these factors, we developed a fall 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 falls in 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:e58073)   doi:10.2196/58073

KEYWORDS
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Introduction

In 2022, the proportion of the population aged 65 years or older
in Japan reached a record high of 29% [1]. A 2017 survey by

the Ministry of Health, Labour and Welfare of Japan revealed
that patients aged 75 years or older accounted for 41.5% of all
patients admitted to acute care hospitals [2]. Given the trend in
population aging, it is projected that the number of older adult
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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, a marked decline in activities of daily
living (ADL), and even death in extreme cases [3,4]. Therefore,
fall prevention has become an important issue to protect patients’
lives and quality of life [5].

Interventions for fall prevention must be strategically targeted
to populations with a high risk of falling during hospitalization.
Furthermore, previous studies have emphasized the importance
of patient exercise therapy [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
risks is crucial in reducing the incidence of falls in hospitalized
patients. To effectively conduct patient education, it is
imperative to construct a fall prediction model for the accurate
identification of these high-risk patients. Currently, fall
prevention measures in hospitals include fall prediction models
using information from electronic 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 Fall Risk Score and
Evaluation Tool [19] assesses the medication-related fall risk.
This tool considers a patient’s use of medications as predictors,
classified according to the associated risk levels. Tago et al [20]
reported 8 predictors of falls in people with disabilities in Japan:
age, sex, emergency hospitalization, admission to neurosurgery,

use of sleeping pills, history of falls, independence in eating,
and level of independence in 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 real-time insights and more efficient
fall prevention strategies.

The purpose of this study was to identify predictive factors for
falls in patients admitted to an acute care hospital as well as to
develop a scoring system using these factors and evaluate its
validity.

Methods

Participants and Study Design
We conducted a retrospective cohort study of patients aged ≥20
years admitted to Shizuoka General Hospital between April
2019 and September 2020. Inpatients 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 adults with disabilities, bedriddenness
rank (BR), emergency admission, dietary independence,
mobility, and history of falls in the past year were also excluded,
as illustrated in Figure 1.
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Figure 1. Flowchart illustrating the study population.

Variables at Hospitalization as Candidate Predictive
Factors
All data used 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

at admission (history of falls or falls within 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
degree is mainly assessed in terms 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 reliability
have been reported [20,36].

Falls During Hospitalization as an Outcome
The primary end point was the time from the date of admission
to a fall at incident level [38] 2 or higher (hereafter referred to
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as “fall”), which requires medical resources. For patients who
died during hospitalization and those who did not have a fall,
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 data and potential predictors at 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-squared 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 (CIs), and P values. Predictive candidates
that were significant (P<.05) in the comparison of backgrounds
among patients with and with no falls, along with known
predictors, were included in a multivariable model. Factors with
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, a statistical 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 process is
repeated within each subgroup until no further meaningful
divisions can be made or the smallest group size allowed is
reached. The predictive performance of this score and the fall
risk groups in the validation group were evaluated using the
c-index.

The significance level 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

Statistical Computing), EZR (version 1.54; Saitama Medical
Center, Jichi Medical University) [39], and IBM SPSS (version
28; IBM Corp).

Ethical Considerations
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 via disclosure. 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 Falls at 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 details are shown in Table S2 in Multimedia
Appendix 1. The median age (range) of the patients included
in the analysis was 66 (20-103) years, with 52.1% (7150/13,725)
male patients, and the median BMI (range) was 22.8 (9.6‐58.1)

kg/m2. Table S3 in Multimedia Appendix 1 shows the results
of the comparison between the backgrounds of patients in the
training and test datasets. In a univariable analysis of the training
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 admissiona.

P valueWith fall (n=216)With no fall (n=8934)Variable

<.001Age

75.0 (11.5)65.9 (17)Age (years), mean (SD)

<.001Age

28 (13)3347 (37.5)20 to <65 years, n (%)

105 (48.6)3673 (41.1)65 to <80 years, n (%)

83 (38.4)1914 (21.4)≥80 years, n (%)

<.001Sex, n (%)

75 (34.7)4287 (48)Female

141 (65.3)4647 (52)Male

<.001BMI

21.1 (3.9)22.9 (4.2)BMI, mean (SD)

<.001BMI

48 (22.2)1142 (12.8)<18.5 kg/m2, n (%)

132 (61.1)5363 (60)18.5 to <25 kg/m2, n (%)

36 (16.7)2403 (26.9)≥25 kg/m2, n (%)

0 (0)26 (0.3)Missing, n (%)

.927Dementia, n (%)

211 (97.7)8697 (97.3)No

5 (2.3)237 (2.7)Yes

.592Parkinson disease, n (%)

213 (98.6)8861 (99.2)No

3 (1.4)73 (0.8)Yes

.003Stroke, n (%)

183 (84.7)8121 (90.9)No

33 (15.3)813 (9.1)Yes

.778Visual impairment, n (%)

195 (90.3)7991 (89.4)No

21 (9.7)943 (10.6)Yes

<.001Cognitive function score, n (%)

179 (82.9)7855 (87.9)No

37 (17.1)710 (7.9)Yes

0 (0)369 (4.1)Missing

<.001Ambulance transport, n (%)

156 (72.2)7432 (83.2)No

60 (27.8)1502 (16.8)Yes

<.001Emergency admission, n (%)

74 (34.3)5528 (61.9)Scheduled hospitalization

142 (65.7)3406 (38.1)Emergency hospitalization

.007Department, n (%)

118 (54.6)4496 (50.3)Internal medicine

80 (37)4025 (45.1)Department of surgery
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P valueWith fall (n=216)With no fall (n=8934)Variable

18 (8.3)413 (4.6)Emergency department

<.001Consciousness disorders, n (%)

167 (77.3)8022 (89.8)No

49 (22.7)912 (10.2)Yes

<.001Bedriddenness rank, n (%)

65 (30.1)5500 (61.6)Rank J

58 (26.9)1568 (17.6)Rank A

34 (15.7)526 (5.9)Rank B

59 (27.3)1340 (15)Rank C

<.001Eating, n (%)

107 (49.5)7067 (79.1)Independent

109 (50.5)1867 (20.9)Requiring assistance

<.001Transferring, n (%)

89 (41.2)6579 (73.6)Independent

127 (58.8)2355 (26.4)Requiring assistance

<.001Dressing, n (%)

112 (51.9)7065 (79.1)Independent

104 (48.1)1853 (20.7)Requiring assistance

0 (0)16 (0.2)Missing

<.001Toilet transfer or use, n (%)

94 (43.5)6820 (76.3)Independent

121 (56)2099 (23.5)Requiring assistance

1 (0.5)15 (0.2)Missing

<.001Bathing, n (%)

95 (44)6673 (74.7)Independent

114 (52.8)2042 (22.9)Requiring assistance

7 (3.2)219 (2.5)Missing

<.001Level walking, n (%)

93 (43.1)6707 (75.1)Independent

122 (56.5)2107 (23.6)Requiring assistance

1 (0.5)120 (1.3)Missing

<.001Stair use, n (%)

86 (39.8)6541 (73.2)Independent

111 (51.4)1986 (22.2)Requiring assistance

19 (8.8)407 (4.6)Missing

<.001Changing clothes, n (%)

97 (44.9)6799 (76.1)Independent

119 (55.1)2116 (23.7)Requiring assistance

0 (0)19 (0.2)Missing

<.001Defecation management, n (%)

127 (58.8)7254 (81.2)Independent

87 (40.3)1618 (18.1)Requiring assistance

2 (0.9)62 (0.7)Missing
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P valueWith fall (n=216)With no fall (n=8934)Variable

<.001Urination management, n (%)

126 (58.3)7243 (81.1)Independent

88 (40.7)1625 (18.2)Requiring assistance

2 (0.9)66 (0.7)Missing

<.001History of falls within 1 year, n (%)

153 (70.8)7830 (87.6)No

63 (29.2)1104 (12.4)Yes

<.001Inability to stand without holding, n (%)

53 (24.5)5318 (59.5)No

159 (73.6)3486 (39)Yes

4 (1.9)130 (1.5)Missing

<.001Impaired judgment and comprehension, n (%)

157 (72.7)7592 (85)No

53 (24.5)1116 (12.5)Yes

6 (2.8)226 (2.5)Missing

<.001Toileting assistance, n (%)

106 (49.1)6694 (74.9)No

99 (45.8)1795 (20.1)Yes

11 (5.1)445 (5)Missing

aBetween-group comparisons were made using t tests and χ2 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.

Predictors of Falls
In the training dataset, univariable Cox regression analysis
compared patient backgrounds based on the presence or absence
of falls and identified factors affecting the time from admission
to the date of fall (Table 2, left side). Correlations between
explanatory variables were checked using Spearman correlation
coefficients, and independent explanatory variables were 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 S4 in Multimedia
Appendix 1). Among the 21 variables that were significant in

the univariable analysis, 5 variables (age, sex, BMI, department,
and history of falls within 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 dataseta.

Training dataset (n=9150)Variable (reference) and category

Multivariable modelUnivariable model

P value95% CIHRP value95% CIHRb

Age

———c<.0011.02‐1.041.031 year

Age (20 to <65 years)

<.0011.48‐3.442.26<.0011.79‐4.122.7165 to <80 years

—1.60‐3.922.50<.0012.29‐5.433.53≥80 years

Sex (female)

.0011.21‐2.131.60.0011.21‐2.121.60Male

BMI

———<.0010.89‐0.960.921 kg/m2

BMI (≥25 kg/m 2 )

.1270.94‐1.971.36.0171.09‐2.271.5718.5 to <25

kg/m2

—1.01‐2.441.57.0021.30‐3.102.01≤18.5 kg/m2

Ambulance transport (no)

———<.0011.33‐2.361.77Yes

Emergency admission (scheduled hospitalization)

———.2030.90‐1.641.22Emergency hos-
pitalization

Stroke (no)

———.3760.81‐1.721.18Yes

Bedriddenness rank (rank J)

.0011.26‐2.601.81<.0011.59‐3.232.27Rank A

—1.31‐3.142.03<.0011.93‐4.452.93Rank B

—0.83‐1.831.23<.0011.35‐2.771.94Rank C

Cognitive function score (no)

———.0630.98‐2.011.40Yes

Department (department of surgery)

.1190.92‐1.641.23.0341.02‐1.811.36Internal
medicine

—1.26‐2.601.81.0031.29‐3.602.16Emergency de-
partment

Consciousness disorders (no)

———.0201.06‐2.031.47Yes

Eating (independent)

———<.0011.56‐2.692.05Requiring assis-
tance

Transferring (independent)

———<.0011.60‐2.802.12Requiring assis-
tance

Dressing (independent)
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Training dataset (n=9150)Variable (reference) and category

Multivariable modelUnivariable model

P value95% CIHRP value95% CIHRb

———<.0011.43‐2.481.88Requiring assis-
tance

Toilet transfer or use (independent)

———<.0011.68‐2.932.22Requiring assis-
tance

Bathing (independent)

———<.0011.59‐2.782.10Requiring assis-
tance

Level walking (independent)

———<.0011.65‐2.882.18Requiring assis-
tance

Stair use (independent)

———<.0011.63‐2.902.17Requiring assis-
tance

Changing clothes (independent)

———<.0011.60‐2.772.10Requiring assis-
tance

Defecation management (independent)

———.0011.23‐2.151.63Requiring assis-
tance

Urination management (independent)

———.0011.24‐2.171.64Requiring assis-
tance

History of falls within 1 year (no)

.0021.21‐2.271.66<.0011.50‐2.702.01Yes

Inability to stand without holding (no)

———<.0011.83‐3.452.51Yes

Impaired judgment and comprehension (no)

———.0351.03‐1.921.40Yes

Toileting assistance (no)

———<.0011.59‐2.772.10Yes

aBetween-group comparisons were made using t tests and χ2 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.
bHR: hazard ratio.
cNot applicable.

In multivariable analysis, age (65 to <80 years: HR 2.26, 95%
CI 1.48‐3.44; ≥80 years: HR 2.50, 95% CI 1.60‐3.92 vs 20
to <65 years), sex (male: HR 1.60, 95% CI 1.21‐2.13), BMI
(18.5 to <25 kg/m²: HR 1.36, 95% CI 0.94‐1.97; <18.5 kg/m²:
HR 1.57, 95% CI 1.01‐2.44 vs ≥25 kg/m²), BR (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 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 falls within 1 year (yes:
HR 1.66, 95% CI 1.21‐2.27) are shown as predictors of
inhospital falls (Table 2, right side).

Construction of a Fall Scoring System
Based on the results of multivariable analysis using the training
set, we weighted the scores based on each HR (Table 2, right
side) and formed 3 fall-risk groups (low risk: 0-4 points,
moderate risk: 5-9 points, and high risk: 10-15 points) using
conditional inference tree analysis (Figure S1 in Multimedia
Appendix 1). The new fall prediction scoring system built on
this basis is shown in Figure 2. As a predictor of the performance
of these 3 classifications of fall prediction, the c-index in the
validation set (n=4561) was 0.733 (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.
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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).

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. Specifically, the study found that older
patients (aged 80 years and older) had a higher 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
analysis and using statistical methods to classify fall risk groups
into 3 categories (low risk: 0-4 points, moderate risk: 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 falls occurred among people aged 65 years
and older. This result is in alignment 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
male was identified as a risk 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

[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 factors in the hospitalized
population remains unclear, and further research is needed to
elucidate these aspects.

A systematic review targeting community-dwelling older adults

showed that a low BMI (<17 kg/m2) is associated with a greater

risk of falls, when using 23.5 kg/m2 as the baseline [34]. In

addition, some reports indicate that both high (25‐35 kg/m2

or above) and low (below 18.5 kg/m2) BMI values are associated
with increased fall risks [31-33,35]. These findings suggest that
extreme BMI values influence the risk of falling. However, in

our study, we identified low BMI (below 18.5 kg/m2) and

normal BMI (18.5‐25 kg/m2) as risk factors for falls, using

high BMI (25 kg/m2 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/m2). In the study, because only 5.7%

(6/741) of people in this training category fell, BMI >30 kg/m2

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 as a risk factor for inhospital falls. This finding 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 fall prevention [6,7]. This
underscores that impaired ADL is a crucial 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 falls.
The emergency department inpatient population comprises
patients who 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 previous reports that identified a fall history
as a risk 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, where rapid aging is prevalent,
fall 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 patients among inpatients and
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, some tools for 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 programs and
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 analysis to categorize patients into low-, middle-,
and high-risk groups, as detailed in Table S4 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 diverse clinical settings. Our aim is not to change
the patient’s fall risk level based on resources but to adjust the
intensity of preventive interventions according to available
resources. The fall risk classification is based solely on clinical

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
interventions is a separate and critical challenge. Based on prior
research demonstrating their effectiveness, we recommend
several interventions tailored to implement fall prevention
measures as a high priority. Here, we outline interventions such
as increased monitoring, personalized environmental
adjustments, nonslip footwear, assistive devices such as walkers
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 the risk 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.

The fall prediction tool we developed integrates seamlessly with
a hospital’s EHR system. Upon a patient’s admission, it
automatically retrieves EHR data and calculates a fall 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 falls and 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 all hospitals
may be challenging. While the generalizability of our model is
not fully guaranteed due to the lack of external validation,
hospitals with similar facilities and 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, as a potential
predictive factor [49,50]. Because previous studies have shown
that psychiatric symptoms can be a risk factor for falls
[17,18,28], it can be necessary to reconstruct the prediction
model by including additional predictors of falls, including
psychiatric symptoms such as delirium, in future studies. Third,
we did not examine the association between medications and
falls. Previous studies have shown that taking sleeping pills
[19,20,28-30,51] and the number of medications [42,52-54] are
risk factors for falls. At the time of our study, limitations in 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
developed fall prediction model is highly useful in that it is easy
to apply in many Japanese hospitals with acute care settings,
similar to that in this study.

To further enhance the practical application of our fall prediction
scoring system, we plan to integrate it into our hospital’s EHRs
to gather real-world evidence. This will allow us to evaluate its
usability, accuracy, and impact on reducing inhospital falls.

Future research will include multisite longitudinal studies to
validate the tool’s effectiveness across different health care
settings.

Conclusions
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 as an
effective tool to guide preventive interventions for both
individual hospitalized patients and high-risk populations in
many hospitals with acute care settings.
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Abstract

Background: The opaque nature of artificial intelligence (AI) algorithms has led to distrust in medical contexts, particularly
in the treatment and monitoring of atrial fibrillation. Although previous studies in explainable AI 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 cardiologists to co-design and evaluate this approach using real-world patient cases and data.

Methods: We conducted a 3-stage iterative design process with 23 cardiologists to co-design, evaluate, and pilot an explainable
AI 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 strategies were deemed highly effective and feasible for pilot deployment. On the basis of these strategies,
we developed 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 cardiologists 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:e65923)   doi:10.2196/65923
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Introduction

Background
While the role of artificial intelligence (AI) in health care is
growing, concerns about its reliability and transparency remain
largely unaddressed [1]. The opaque nature of AI algorithms
challenges trust, particularly in cardiology, where the lack of
interpretability in deep learning models limits their adoption
and utility [2,3]. This has led to increased interest in developing
explainable AI models that offer accurate predictions along with
clear explanations of the rationale behind the predictive results
[4].

Our study explored the advantages and challenges of using AI
models in cardiovascular treatment, focusing on designing an
explainable AI system to aid posttreatment care for patients
with atrial fibrillation (AF) after catheter ablation. There were
>3 million new cases of AF, a common 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 due to prediction uncertainties. While explainable
AI algorithms [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 develop AF’fective, an explainable
AI 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 AI in
real-life cardiac treatment and management. In this section, we
first review the development of explainable AI in relevant fields
in the second subsection and summarize our first 2 study stages
in the third subsection. We then 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) Rejected: Machine Learning
Models in Cardiology
Cardiology is one field of medicine that has seen extensive use
of AI to aid in medical practice. Various machine learning
models have been developed and used to assist in a wide range
of tasks, from helping predict the prognosis or readmission after
heart failure [14,15] to detecting various cardiovascular 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

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
conditions with a high degree of accuracy (97%) [20]. However,
the potential for a high rate of false positives when implemented
through commercial smartwatches has triggered concerns among
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 (see the study by Sehrawat et al [21] for a comprehensive
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 the left 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].

Overall, 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] (area under the curve of 0.72 with 83% sensitivity and
58% specificity), there was still 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 this field, it is not surprising that the lack
of interpretability undermines trust in these models, preventing
clinicians from using them in medical treatment (see the study
by Petch et al [2]). Moreover, the opaque process raises 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 AI in AF
Recently, explainable AI 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 AI 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 also 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 al
[34] incorporated federated learning techniques alongside
explainable AI 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” models in
this manner has been argued to have the added benefit of
allowing clinicians to better understand the relationship between
each contributing factor and the predicted outcome of an
individual case, helping clinicians justify their decisions and
treatments more effectively [35].

While explainable AI techniques are believed to enhance the
interpretability of algorithms, incorporating them to truly
improve patient outcomes in real-life medical contexts remains
challenging [36]. Understanding of the strengths and limitations
of these approaches in different use cases and how human and
AI-based diagnoses can complement each other is still 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 AI in
more realistic settings with various stakeholders to ensure safe
adoption in clinical practice.

Overall, although the integration of explainable AI 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 clinical settings, thereby enabling users and
professionals to fully benefit from AI technology.

Early Study Stages and Findings in 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
decisions in developing the final prototype for evaluation.

Stage 1

Overview

In the first stage, we conducted semistructured interviews with
physicians to gain insights into their experiences and best
practices for posttreatment care of patients with 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 the interview. 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, to join
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.

Measurements and Study Apparatus

A week before the interview, each physician received a toolkit
to reflect on their clinical practice. The toolkit included a
workbook with 7 daily assignments on their experiences and
patient interactions as well as stickers featuring 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, especially 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 sets to 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 recordings fully transcribed. The HCI researchers developed
design strategies through thematic analysis, whereas the
cardiologist reviewed and selected strategies for further
evaluation in stage 2.

Results

Our initial interviews with 8 physicians produced 2 key outputs:
4 physician personas (teamworker, minimum effort 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 results to patients. We reviewed and adapted
explainable AI strategies from previous studies [40] for

cardiology. The seven strategies were (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. The 7 explainable artificial intelligence strategies (A-G) that were examined in the initial 2 stages of the study, expanded from the previous
publication [39]. AF: atrial fibrillation; bpm: beats per minute; ECG: electrocardiography; PA1: patient 1; PA2: patient 2; PA3: patient 3.

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 AI. Physicians first described
their usual process for assessing recurrence risk and discussed
the potential role of predictive models and explainable AI. We
then introduced the explainable AI strategies and gathered
detailed feedback on which would most effectively clarify
predicted outcomes for other physicians and patients.

Study Process and Findings to Guide the Prototype
Development

We conducted 2 group design sessions with 8 cardiologists to
critically review and assess our design strategies. Initially, 5
cardiologists were asked to evaluate the advantages and
disadvantages of each strategy, describe scenarios in 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

data. In total, 3 cardiologists reviewed the prototype using the
concurrent think-aloud approach [41] and provided feedback.
They also discussed concerns about using AI during
posttreatment care, specifically on whether the explainable
features enhanced their trust in the AI 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
assess the explainable AI strategies. In addition, 3 cardiologists
from the same institution 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’ choices were 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 individual health
record dashboard (to avoid repetition of similar images, we
share the screenshots from the final system in this paper instead;
Figures 2 and 3).

The overview screen displays patients’demographic details and
predicted recurrence risks, allowing 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 the importance 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 AI highlights. Validated risk factors are
listed as diagnostic keywords in the right panel, helping
physicians quickly identify the main contributors to the
predictive outcome.

Figure 2. The patient overview screen.

JMIR Hum Factors 2025 | vol. 12 | e65923 | p.82https://humanfactors.jmir.org/2025/1/e65923
(page number not for citation purposes)

She et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Figure 3. Screenshot of the patient page, including extra risk factors. ECG: electrocardiography.

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 cardiologists to
explore potential explainable AI strategies for 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 a functional prototype incorporating
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 all participating physicians, who volunteered
to take part in the study without receiving any compensation.

To ensure the privacy and confidentiality of patient health data,
all personally identifiable information, including patients’
names, was removed and replaced with unique codes. This
anonymization process ensured that no data could be traced
back to individual patients.

Stage 3
The web-based prototype from the previous stage was developed
into a fully functional progressive web application (PWA)
prototype, which was then tested and evaluated by cardiologists.

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 due to IRB 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 a realistic prototype.

Participants
In total, 7 cardiologists involved in the treatment of AF were
recruited from the Kyoto Prefectural University of Medicine in
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Japan. All of them had experience diagnosing patients with 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
questionnaires are explained in the following sections.

UEQ Inclusion Rationale

The UEQ, developed by Laugwitz et al [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 0 are considered “neutral.” A data analysis tool is
provided for interpreting the results, with benchmarks in 5 tiers:
excellent, good, above average, below average, and bad [43].
Our goal during prototyping was to achieve above-average
ratings. The English version was translated 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 AI system. Originally developed by Davis
et al [45], the TAM is a key model 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

Despite its name, the MARS is widely used to assess the 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
translation by Yamamoto et al [48]. The MARS uses a 5-point
Likert scale ranging from 1 (inadequate) 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 Ionic
framework (Drifty) for the front end and Python (Python
Software Foundation) for the back end. Access was strictly
controlled through an authentication system to ensure data
security. The PWA included 2 main pages that were developed
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 graph in stage 2 (using Grad-CAM; see the demonstration
in Figure 1 [39]) and, instead, used the 7-item features derived
from the standardized clinical interpretation of ECG graphs

(corresponding to strategies A and G in particular; see the
demonstration in Figures 4 and 5). In particular, we replaced
the explainable AI model used in previous stages with a SHAP
model [49], which was constructed to highlight the extent to
which different key clinical features—commonly used as
established interpretation principles in AF prediction for ECG
data (eg, maximum P wave duration and augmented vector right
[aVR]/first precordial lead [V1])—contributed to the
decision-making process for 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 features for
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 standards that cardiologists 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
cardiologists to standardize their interpretation of the ECG graph
into higher-level features that are more straightforward and
easier to understand for their fellow cardiologists. 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 amplitude in V1 is
>0.1 mV

4. Amplitude aVR<4=0: whether the P wave amplitude in the
lead aVR is <0.04 mV

5. PAC on ECG=1.0: whether there was one or more
supraventricular ectopies during recording (removed in the
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 the fifth precordial lead plus the amplitude (depth)
of the S wave in V1 is >2.2 mV

7. PR≥185=0: whether the interval between the P and R waves
is >185 ms

The individual health record dashboard (as shown in Figure 3)
also allowed physicians to check past visit ECG graphs and
explainable features (corresponding to strategy B). The
physicians can obtain an overview of the basic patient data in
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.
The right panel provides additional patient correspondence data
and physical measurements such as weight and blood pressure.
The standardized features made it easier to compare patients
when physicians navigated the patient overview board
(corresponding to strategy G).

We also developed 2 interfaces to summarize the explainable
features. The first interface (Figure 4) was developed using

SHAP, 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 a pie chart to show the relative 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, although 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.

Figure 5. Screenshot of the explainable items and how they were displayed in the system—explainable model 2. aVR: Augmented Vector Right; ECG:
electrocardiography. PAC: Premature Atrial Contraction; PR: PR Interval (the onset of the P wave to the start of the QRS complex).

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 a list of them in the AF’fective

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 a patient’s ECG graph, (3) viewing
explainable model 1, and (4) viewing explainable model 2. We
then asked the cardiologists to complete 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 scores for the TAM and MARS against the
theoretical average scores to determine whether physicians
experienced any usability issues related to the interface design,
functionality, information quality, or accessibility.

For the interview data, we reviewed and analyzed the transcripts
following the thematic analysis framework proposed by Clarke
et al [50]. The analysis was carried out by 3 researchers, 2 from
the HCI field and 1 with a cardiology background. As the 2 HCI
researchers were 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. The researchers then grouped the topics into several
potential “themes” and involved the cardiologist 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
In the final stage, we recruited 7 male cardiologists (aged 31 to
55 years) with 8 to 30 years of cardiology experience. After the
interviews, they completed the surveys, and we calculated the
mean scores to identify potential usability or design issues. 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 Perspicuity
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 neutral
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

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). These results
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, this rating was achieved
without physicians knowing the predictive model’s performance.
This serves as a strong indicator that insights derived from
explainable models play a crucial role in physicians’adaptation
to our technology. This was deemed acceptable for a system in
its prototype phase.

Discussion

Principal Findings

Overview
Aligned with our positive survey results, cardiologists 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 express in a general,
universal, numerical way what we used to say in the
past, like, “This person is likely to have a
recurrence,” by using a risk score. I think it is useful.
[P04; male]

In clinical practice, we honestly don’t have that much
time to look at ECGs and scores in detail, so I think
AI is a way to make it easier for us to get the numbers
out. [P07; male]

I think it is easy to pick up if you can tell from a quick
glance at the list that a person in red is at higher risk
of recurrence, or that a person in green has a low
probability of recurrence. [P06; male]

While most cardiologists in our study viewed the real
data–backed explainable AI 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 a realistic discussion after 2 rounds of iterative design.
This probing step was crucial for understanding the feasibility
and challenges of implementing the system in 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 Identifying
the Causes
Perhaps due to our intentional mimicry of cardiologists’methods
for identifying irregularities in ECG graphs, participants showed
high acceptance of the predicted results after viewing our 7-item
AF clinical explainable features. In fact, P04 gave a very
positive endorsement of why the explainable items were
necessary:

I am of course curious as to why the risk was higher,
so the AI [predictive] model would be rather
meaningless without a graph [with explainable AI
items] that can explain it, or perhaps it would make
me wonder why the model [makes such a decision].
[P04; male]

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 explainable features
both agreeable and trustworthy. However, a concern emerged
regarding the limitations of these features. A key request was,
“Then what should I do?”—cardiologists wanted to understand
the features influencing the risk score and actionable strategies
to address them. This aligns with previous insights showing a
preference for clear indicators and actionable steps. In one case,
P05 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 I do [with each of the items]? [P04; male]

I feel that the numbers alone don’t mean much, or
don’t seem to lead to a change in [patient’s] behavior.
[P05; male]

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 highlights into 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 features with
treatment approaches; however, this does indicate an interesting
and operationalizable future implementation for explainable
models.

Hence, in our current system, while these features influence the
predictive outcome, clinical causal insights should be interpreted
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

in AI decision-making [31,39,52,53], it is crucial that the chosen
features are relevant, operationalizable, and actionable for
medical professionals. This focus ensures that AI 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 has to be 0, so even if it’s
low, it’s still bad. You can’t say 30 is a good thing.
There is still a chance for a recurrence...So there are
cases where it comes out as 0? (Cardiologist
interviewer: That would be considered extreme score.
Well, some might be zero, but I think the smallest is
probably 3 or 4 [in the natural clinical contexts].)
[P03; male]

I’m not quite sure what [the risk score] means. There
are a lot of questions about what 12 means and what
we should think about it. It’s not 0 [even for a normal
person], So are you saying that AF can happen to
anyone? (Interviewer: I don’t think we can lower that
number any further.) [P05; 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 [the items] were full, it would
not be 100?(Interviewer: Even if [all of the items were] full, I
think it will probably be around 80-92, which is the highest risk
score [in the natural clinical contexts].) [P01; 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 as reference 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 also 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:

I 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 I don’t think there
is such a difference between 40 and 41. [P05; male]
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In treatment decision-making, another notable implication 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. [P03; male]

Even cardiologists familiar with the postablation risk might
expect that addressing the explainable items (see the Methods
section for more discussion on these items) could eliminate the
recurrence risk:

Considering the importance of risk scoring...I am
very interested in the explanatory factors or items
involved, and which of them are [positively correlated
to the risk score]. If the purpose of this system is to
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. [P01; male]

It struck the research team that popular explainable AI
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 a Holistic Risk Overview by Integrating 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,
were included as additional “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. [P03; male]

So we are predicting the risk score purely based on
ECG...If you are going to make progress, I think it
would be good to include obesity information, bmi,
waist circumference, and so on. [P06; male]

Furthermore, some of our participants also indicated that they
would prefer a clear display and association with the medications
or ongoing treatments that the patients are receiving. For
instance, P02 requested us to explore whether the explainable
model could reflect the effects of the patient’s medications, and
P01 indicated that it would be better to see which interventions
were done to lead to the risk score:

If there was information on arrhythmia medications,
it would be more useful. I think the doctor might be
able to think about it more holistically, such as, “This
ECG variation [highlighted by the explainable model]
is caused by the medicine the patient is taking.” [P02;
male]

If the purpose of this system is to 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. [P01; male]

As the cardiologists pointed out, although our model provided
an overview of the other risk factors, it would only be
meaningful if they could establish a connection between the
variation in 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 trends in recurrence
risk. For instance, participants P04 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 this time, but
lower estimated risk in the previous times, why did it
become so high? What factors contributed to it? [I
would expect] this AI model to estimate and explain.
[P04; male]

I think it would be better to look at it...from a
longitudinal point of view...to see what kind of
intervention I should use, what’s going wrong, and
what the reason is for the increase [of the risk score].
[P06; male]

We were intrigued by the design opportunities revealed in our
findings. As cardiologists reminded us, a significant and crucial
aspect of their profession involves deciding on appropriate
interventions. Although explainable AI models have shown
promise in diagnosing and identifying patients at risk, they have
yet to offer actionable insights for intervention planning. We
believe that explainable AI tools should integrate comprehensive
patient data, including temporal 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 AI 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
The findings of our interviews revealed that cardiologists valued
the sense of control and the learning opportunities provided by
these models, aligned 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 AI models to help cardiologists
prioritize patients at higher risk. As P04 addressed, there was
a potential for these models to become an integral part of daily
practice:

If it becomes a habit, I will probably look at people
with high estimated risk and wonder why they were
at higher risk. [P04; male]

Moreover, P02 also offered a similar 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. [P02; male]

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 models to help them narrow
down potential problems:

I understand that the ECG is used as the reference,
but I 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. [P01; male]

The power dynamic between cardiologists and the AI model is
worth exploring. To what extent should an AI 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 AI 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
AI-augmented interpretation and actionability. Interestingly,
the explainability of AI models appears to increase cardiologists’
desire to validate their treatment approaches:

So, at the time of the ablation, if I burn the tricuspid
valve, you know [the score will go down], or if I burn
the superior vena cava, you know [the score will go
down]...you can learn more and more from time to
time. [P03; male]

I would take another ECG before prescribing too
much medication, and see if [the risk score] goes up
or down on the next ECG...For those in yellow...I will
adjust my [treatment plan] according to the risk level
of the next ECG. [P06; male]

P06 went further and emphasized that, while AI models are
valuable for 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 AI models arrive at
their conclusions, particularly in relation to identifying
intervention points:

I wonder if you are highlighting these risk factors to
tell us these are the areas for intervention. I wonder
if there is a reason for this risk factor, such as if we
treat these factors, it could lower the risk. [P06; male]

In general, our findings indicate that cardiologists, particularly
self-actualizers, are not only open to integrating AI suggestions
into their decision-making processes but also eager to enhance
their knowledge through interaction with the AI model provided
that these suggestions are accompanied by clear rationales and
practical recommendations.

Implications of Creating a Software as a Medical
Device
In the development of AI algorithms for clinical applications,
it is crucial 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 (ISO) 13485
(medical device quality management systems), ISO 14971
(medical device risk management), and ISO 62304 (software
life cycle processes). In addition, compliance with Food and
Drug Administration approval and the European Medical 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
advancements in AI 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). Specifically, the
consideration of explainability in the AI result display methods
proposed in this research—such as visually clarifying the
rationale behind suggestions and intuitively conveying risk and
uncertainty in interface design—will play a crucial role in
helping health care professionals accurately understand
AI-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 mechanisms of AI. Instead, it is crucial to create
a state in which users can reasonably understand “why this result
was reached,” which is effective in building trust in AI. Such
efforts extend beyond display design and have the potential to
be incorporated into new standards that facilitate smooth
communication between AI and health care professionals.

Conclusions
This paper reports a 3-stage study involving 23 physicians to
co-design, assess, and pilot an explainable AI system for AF
postablation monitoring called AF’fective. Our co-design
approach effectively identified 4 feasible explainable strategies.

JMIR Hum Factors 2025 | vol. 12 | e65923 | p.89https://humanfactors.jmir.org/2025/1/e65923
(page number not for citation purposes)

She et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Furthermore, while we actively used explainable AI to identify
the features 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 principles to 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
AI’s reasoning and identifying strategies to address recurrence
risk factors.

Interestingly, although our focus was on AF recurrence
prevention, many insights appear generalizable to other disease
care contexts, such as temporal risk score monitoring and setting
realistic expectations for 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 AI 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 AI possesses the potential to revolutionize
medical practices and we can only realize it through putting the
technology in actual use case scenarios.

 

Acknowledgments
This work was supported by a research grant from the Japanese Circulation Society (2021).

Conflicts of Interest
None declared.

References
1. von Eschenbach WJ. Transparency and the black box problem: why we do not trust AI. Philos Technol 2021 Sep

01;34(4):1607-1622. [doi: 10.1007/S13347-021-00477-0]
2. Petch J, Di S, Nelson W. Opening the black box: the promise and limitations of explainable machine learning in cardiology.

Can J Cardiol 2022 Feb;38(2):204-213 [FREE Full text] [doi: 10.1016/j.cjca.2021.09.004] [Medline: 34534619]
3. Bizopoulos P, Koutsouris D. Deep learning in cardiology. IEEE Rev Biomed Eng 2019;12:168-193. [doi:

10.1109/RBME.2018.2885714] [Medline: 30530339]
4. Nakamura T, Sasano T. Artificial intelligence and cardiology: current status and perspective. J Cardiol 2022

Mar;79(3):326-333 [FREE Full text] [doi: 10.1016/j.jjcc.2021.11.017] [Medline: 34895982]
5. Nattel S. New ideas about atrial fibrillation 50 years on. Nature 2002 Jan 10;415(6868):219-226. [doi: 10.1038/415219a]

[Medline: 11805846]
6. Lippi G, Sanchis-Gomar F, Cervellin G. Global epidemiology of atrial fibrillation: an increasing epidemic and public health

challenge. Int J Stroke 2021 Feb;16(2):217-221. [doi: 10.1177/1747493019897870] [Medline: 31955707]
7. Odutayo A, Wong CX, Hsiao AJ, Hopewell S, Altman DG, Emdin CA. Atrial fibrillation and risks of cardiovascular disease,

renal disease, and death: systematic review and meta-analysis. BMJ 2016 Sep 06;354:i4482 [FREE Full text] [doi:
10.1136/bmj.i4482] [Medline: 27599725]

8. Lip GY, Tse HF. Management of atrial fibrillation. Lancet 2007 Aug 18;370(9587):604-618. [doi:
10.1016/S0140-6736(07)61300-2] [Medline: 17707756]

9. Dretzke J, Chuchu N, Agarwal R, Herd C, Chua W, Fabritz L, et al. Predicting recurrent atrial fibrillation after catheter
ablation: a systematic review of prognostic models. Europace 2020 May 01;22(5):748-760 [FREE Full text] [doi:
10.1093/europace/euaa041] [Medline: 32227238]

10. Shashikumar SP, Shah AJ, Li Q, Clifford GD, Nemati S. A deep learning approach to monitoring and detecting atrial
fibrillation using wearable technology. In: Proceedings of the 2017 IEEE EMBS International Conference on Biomedical
& Health Informatics. 2017 Presented at: BHI '17; February 16-19, 2017; Orlando, FL p. 141-144 URL: https://ieeexplore.
ieee.org/document/7897225 [doi: 10.1109/bhi.2017.7897225]

11. Andersen RS, Peimankar A, Puthusserypady S. A deep learning approach for real-time detection of atrial fibrillation. Expert
Syst Appl 2019 Jan;115:465-473. [doi: 10.1016/j.eswa.2018.08.011]

12. Zhou X, Nakamura K, Sahara N, Takagi T, Toyoda Y, Enomoto Y, et al. Deep learning-based recurrence prediction of
atrial fibrillation after catheter ablation. Circ J 2022 Jan 25;86(2):299-308 [FREE Full text] [doi: 10.1253/circj.CJ-21-0622]
[Medline: 34629373]

13. Hung M, Lauren E, Hon E, Xu J, Ruiz-Negrón B, Rosales M, et al. Using machine learning to predict 30-day hospital
readmissions in patients with atrial fibrillation undergoing catheter ablation. J Pers Med 2020 Aug 09;10(3):82 [FREE Full
text] [doi: 10.3390/jpm10030082] [Medline: 32784873]

JMIR Hum Factors 2025 | vol. 12 | e65923 | p.90https://humanfactors.jmir.org/2025/1/e65923
(page number not for citation purposes)

She et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1007/S13347-021-00477-0
https://linkinghub.elsevier.com/retrieve/pii/S0828-282X(21)00703-0
http://dx.doi.org/10.1016/j.cjca.2021.09.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34534619&dopt=Abstract
http://dx.doi.org/10.1109/RBME.2018.2885714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30530339&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0914-5087(21)00336-1
http://dx.doi.org/10.1016/j.jjcc.2021.11.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34895982&dopt=Abstract
http://dx.doi.org/10.1038/415219a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11805846&dopt=Abstract
http://dx.doi.org/10.1177/1747493019897870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31955707&dopt=Abstract
https://www.bmj.com/lookup/pmidlookup?view=long&pmid=27599725
http://dx.doi.org/10.1136/bmj.i4482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27599725&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(07)61300-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17707756&dopt=Abstract
https://europepmc.org/abstract/MED/32227238
http://dx.doi.org/10.1093/europace/euaa041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32227238&dopt=Abstract
https://ieeexplore.ieee.org/document/7897225
https://ieeexplore.ieee.org/document/7897225
http://dx.doi.org/10.1109/bhi.2017.7897225
http://dx.doi.org/10.1016/j.eswa.2018.08.011
https://dx.doi.org/10.1253/circj.CJ-21-0622
http://dx.doi.org/10.1253/circj.CJ-21-0622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34629373&dopt=Abstract
https://www.mdpi.com/resolver?pii=jpm10030082
https://www.mdpi.com/resolver?pii=jpm10030082
http://dx.doi.org/10.3390/jpm10030082
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32784873&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


14. Przewlocka-Kosmala M, Marwick TH, Dabrowski A, Kosmala W. Contribution of cardiovascular reserve to prognostic
categories of heart failure with preserved ejection fraction: a classification based on machine learning. J Am Soc Echocardiogr
2019 May;32(5):604-15.e6. [doi: 10.1016/j.echo.2018.12.002] [Medline: 30718020]

15. Mortazavi BJ, Downing NS, Bucholz EM, Dharmarajan K, Manhapra A, Li SX, et al. Analysis of machine learning
techniques for heart failure readmissions. Circ Cardiovasc Qual Outcomes 2016 Nov;9(6):629-640. [doi:
10.1161/circoutcomes.116.003039]

16. Isensee F, Jaeger PF, Full PM, Wolf I, Engelhardt S, Maier-Hein KH. Automatic cardiac disease assessment on cine-MRI
via time-series segmentation and domain specific features. In: Proceedings of the 8th International Workshop, STACOM
2017, Held in Conjunction with MICCAI 2017 on Statistical Atlases and Computational Models of the Heart, ACDC and
MMWHS Challenges. 2017 Presented at: STACOM '17; September 10-14, 2017; Montreal, QC p. 120-129 URL: https:/
/link.springer.com/chapter/10.1007/978-3-319-75541-0_13 [doi: 10.1007/978-3-319-75541-0_13]

17. Nagarajan VD, Lee SL, Robertus JL, Nienaber CA, Trayanova NA, Ernst S. Artificial intelligence in the diagnosis and
management of arrhythmias. Eur Heart J 2021 Oct 07;42(38):3904-3916 [FREE Full text] [doi: 10.1093/eurheartj/ehab544]
[Medline: 34392353]

18. Ebrahimi Z, Loni M, Daneshtalab M, Gharehbaghi A. A review on deep learning methods for ECG arrhythmia classification.
Expert Syst Appl 2020 Sep;7:100033. [doi: 10.1016/j.eswax.2020.100033]

19. Tison GH, Sanchez JM, Ballinger B, Singh A, Olgin JE, Pletcher MJ, et al. Passive detection of atrial fibrillation using a
commercially available smartwatch. JAMA Cardiol 2018 May 01;3(5):409-416 [FREE Full text] [doi:
10.1001/jamacardio.2018.0136] [Medline: 29562087]

20. Nazarian S, Lam K, Darzi A, Ashrafian H. Diagnostic accuracy of smartwatches for the detection of cardiac arrhythmia:
systematic review and meta-analysis. J Med Internet Res 2021 Aug 27;23(8):e28974 [FREE Full text] [doi: 10.2196/28974]
[Medline: 34448706]

21. Sehrawat O, Kashou AH, Noseworthy PA. Artificial intelligence and atrial fibrillation. J Cardiovasc Electrophysiol 2022
Aug 15;33(8):1932-1943 [FREE Full text] [doi: 10.1111/jce.15440] [Medline: 35258136]

22. Feeny AK, Chung MK, Madabhushi A, Attia ZI, Cikes M, Firouznia M, et al. Artificial intelligence and machine learning
in arrhythmias and cardiac electrophysiology. Circ Arrhythm Electrophysiol 2020 Aug;13(8):e007952 [FREE Full text]
[doi: 10.1161/CIRCEP.119.007952] [Medline: 32628863]

23. Kim JY, Kim Y, Oh GH, Kim SH, Choi Y, Hwang Y, et al. A deep learning model to predict recurrence of atrial fibrillation
after pulmonary vein isolation. Int J Arrhythm 2020 Nov 16;21(1):95. [doi: 10.1186/S42444-020-00027-3]

24. Budzianowski J, Kaczmarek-Majer K, Rzeźniczak J, Słomczyński M, Wichrowski F, Hiczkiewicz D, et al. Machine learning
model for predicting late recurrence of atrial fibrillation after catheter ablation. Sci Rep 2023 Sep 14;13(1):15213 [FREE
Full text] [doi: 10.1038/s41598-023-42542-y] [Medline: 37709859]

25. Li Z, Wheelock KM, Lathkar-Pradhan S, Oral H, Clauw DJ, Gunaratne P, et al. Predicting atrial fibrillation episodes with
rapid ventricular rates associated with low levels of activity. BMC Med Inform Decis Mak 2021 Dec 28;21(1):364 [FREE
Full text] [doi: 10.1186/s12911-021-01723-3] [Medline: 34963444]

26. Nishimura T, Senoo K, Makino M, Munakata J, Tomura N, Shimoo S, et al. Prediction model for the new onset of atrial
fibrillation combining features of 24-hour Holter electrocardiogram with 12-lead electrocardiogram. Int J Cardiol Heart
Vasc 2023 Aug;47:101245 [FREE Full text] [doi: 10.1016/j.ijcha.2023.101245] [Medline: 37521520]

27. Hallowell N, Badger S, Sauerbrei A, Nellåker C, Kerasidou A. "I don't think people are ready to trust these algorithms at
face value": trust and the use of machine learning algorithms in the diagnosis of rare disease. BMC Med Ethics 2022 Nov
16;23(1):112 [FREE Full text] [doi: 10.1186/s12910-022-00842-4] [Medline: 36384545]

28. K S, V S, EA G, KP S. Explainable artificial intelligence for heart rate variability in ECG signal. Healthc Technol Lett
2020 Dec 09;7(6):146-154. [doi: 10.1049/htl.2020.0033]

29. Jo YY, Cho Y, Lee SY, Kwon J, Kim KH, Jeon KH, et al. Explainable artificial intelligence to detect atrial fibrillation
using electrocardiogram. Int J Cardiol 2021 Apr 01;328:104-110. [doi: 10.1016/j.ijcard.2020.11.053] [Medline: 33271204]

30. Ma Y, Zhang D, Xu J, Pang H, Hu M, Li J, et al. Explainable machine learning model reveals its decision-making process
in identifying patients with paroxysmal atrial fibrillation at high risk for recurrence after catheter ablation. BMC Cardiovasc
Disord 2023 Feb 17;23(1):91 [FREE Full text] [doi: 10.1186/s12872-023-03087-0] [Medline: 36803424]

31. Anand A, Kadian T, Shetty MK, Gupta A. Explainable AI decision model for ECG data of cardiac disorders. Biomed Signal
Process Control 2022 May;75:103584. [doi: 10.1016/j.bspc.2022.103584]

32. Mousavi S, Afghah F, Acharya UR. HAN-ECG: an interpretable atrial fibrillation detection model using hierarchical
attention networks. Comput Biol Med 2020 Dec;127:104057 [FREE Full text] [doi: 10.1016/j.compbiomed.2020.104057]
[Medline: 33126126]

33. Mousavi S, Afghah F, Razi A, Acharya UR. ECGNET: learning where to attend for detection of atrial fibrillation with deep
visual attention. IEEE EMBS Int Conf Biomed Health Inform 2019 May;2019:854 [FREE Full text] [doi:
10.1109/BHI.2019.8834637] [Medline: 33083788]

34. Raza A, Tran KP, Koehl L, Li S. Designing ECG monitoring healthcare system with federated transfer learning and
explainable AI. Knowl Based Syst 2022 Jan;236:107763. [doi: 10.1016/j.knosys.2021.107763]

JMIR Hum Factors 2025 | vol. 12 | e65923 | p.91https://humanfactors.jmir.org/2025/1/e65923
(page number not for citation purposes)

She et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.echo.2018.12.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30718020&dopt=Abstract
http://dx.doi.org/10.1161/circoutcomes.116.003039
https://link.springer.com/chapter/10.1007/978-3-319-75541-0_13
https://link.springer.com/chapter/10.1007/978-3-319-75541-0_13
http://dx.doi.org/10.1007/978-3-319-75541-0_13
https://europepmc.org/abstract/MED/34392353
http://dx.doi.org/10.1093/eurheartj/ehab544
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34392353&dopt=Abstract
http://dx.doi.org/10.1016/j.eswax.2020.100033
https://europepmc.org/abstract/MED/29562087
http://dx.doi.org/10.1001/jamacardio.2018.0136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29562087&dopt=Abstract
https://www.jmir.org/2021/8/e28974/
http://dx.doi.org/10.2196/28974
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34448706&dopt=Abstract
https://europepmc.org/abstract/MED/35258136
http://dx.doi.org/10.1111/jce.15440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35258136&dopt=Abstract
https://europepmc.org/abstract/MED/32628863
http://dx.doi.org/10.1161/CIRCEP.119.007952
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32628863&dopt=Abstract
http://dx.doi.org/10.1186/S42444-020-00027-3
https://doi.org/10.1038/s41598-023-42542-y
https://doi.org/10.1038/s41598-023-42542-y
http://dx.doi.org/10.1038/s41598-023-42542-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37709859&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-021-01723-3
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-021-01723-3
http://dx.doi.org/10.1186/s12911-021-01723-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34963444&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2352-9067(23)00076-3
http://dx.doi.org/10.1016/j.ijcha.2023.101245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37521520&dopt=Abstract
https://bmcmedethics.biomedcentral.com/articles/10.1186/s12910-022-00842-4
http://dx.doi.org/10.1186/s12910-022-00842-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36384545&dopt=Abstract
http://dx.doi.org/10.1049/htl.2020.0033
http://dx.doi.org/10.1016/j.ijcard.2020.11.053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33271204&dopt=Abstract
https://bmccardiovascdisord.biomedcentral.com/articles/10.1186/s12872-023-03087-0
http://dx.doi.org/10.1186/s12872-023-03087-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36803424&dopt=Abstract
http://dx.doi.org/10.1016/j.bspc.2022.103584
https://europepmc.org/abstract/MED/33126126
http://dx.doi.org/10.1016/j.compbiomed.2020.104057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33126126&dopt=Abstract
https://europepmc.org/abstract/MED/33083788
http://dx.doi.org/10.1109/BHI.2019.8834637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33083788&dopt=Abstract
http://dx.doi.org/10.1016/j.knosys.2021.107763
http://www.w3.org/Style/XSL
http://www.renderx.com/


35. Wesołowski S, Lemmon G, Hernandez EJ, Henrie A, Miller TA, Weyhrauch D, et al. An explainable artificial intelligence
approach for predicting cardiovascular outcomes using electronic health records. PLOS Digit Health 2022 Jan
18;1(1):e0000004 [FREE Full text] [doi: 10.1371/journal.pdig.0000004] [Medline: 35373216]

36. Matthiesen S, Diederichsen SZ, Hansen MK, Villumsen C, Lassen MC, Jacobsen PK, et al. Clinician preimplementation
perspectives of a decision-support tool for the prediction of cardiac arrhythmia based on machine learning: near-live
feasibility and qualitative study. JMIR Hum Factors 2021 Nov 26;8(4):e26964 [FREE Full text] [doi: 10.2196/26964]
[Medline: 34842528]

37. Gerlings J, Jensen MS, Shollo A. Explainable AI, but explainable to whom? An exploratory case study of xAI in healthcare.
In: Lim CP, Chen YW, Vidya A, Mahorkar C, Jain LC, editors. Handbook of Artificial Intelligence in Healthcare. Volume
2. Cham, Switzerland: Springer; 2022:169-198.

38. Payrovnaziri SN, Chen Z, Rengifo-Moreno P, Miller T, Bian J, Chen J, et al. Explainable artificial intelligence models
using real-world electronic health record data: a systematic scoping review. J Am Med Inform Assoc 2020 Jul
01;27(7):1173-1185 [FREE Full text] [doi: 10.1093/jamia/ocaa053] [Medline: 32417928]

39. She WJ, Senoo K, Iwakoshi H, Kuwahara N, Siriaraya P. AF’fective design: supporting atrial fibrillation post-treatment
with explainable AI. In: Proceedings of the 27th International Conference on Intelligent User Interfaces. 2022 Presented
at: IUI '22; March 22-25, 2022; Helsinki, Finland p. 22-25 URL: https://dl.acm.org/doi/10.1145/3490100.3516455 [doi:
10.1145/3490100.3516455]

40. Xie Y, Chen M, Kao D, Gao G, Chen XA. CheXplain: enabling physicians to explore and understand data-driven, AI-enabled
medical imaging analysis. In: Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems. 2020
Presented at: CHI '20; April 25-30, 2020; Honolulu, HI p. 1-13 URL: https://dl.acm.org/doi/10.1145/3313831.3376807
[doi: 10.1145/3313831.3376807]

41. Alhadreti O, Mayhew P. Rethinking thinking aloud: a comparison of three think-aloud protocols. In: Proceedings of the
2018 CHI Conference on Human Factors in Computing Systems. 2018 Presented at: CHI '18; April 21-26, 2018; Montreal,
QC p. 1-12 URL: https://dl.acm.org/doi/10.1145/3173574.3173618 [doi: 10.1145/3173574.3173618]

42. Laugwitz B, Held T, Schrepp M. Construction and evaluation of a user experience questionnaire. In: Proceedings of the
4th Symposium of the Workgroup Human-Computer Interaction and Usability Engineering of the Austrian Computer
Society. 2008 Presented at: USAB '08; November 20-21, 2008; Graz, Austria p. 63-76 URL: https://link.springer.com/
chapter/10.1007/978-3-540-89350-9_6 [doi: 10.1007/978-3-540-89350-9_6]

43. Schrepp M, Hinderks A, Thomaschewski J. Construction of a benchmark for the user experience questionnaire (UEQ). Int
J Interact Multimed Artif Intell 2017;4(4):40. [doi: 10.9781/ijimai.2017.445]

44. Davis FD, Venkatesh V. A critical assessment of potential measurement biases in the technology acceptance model: three
experiments. Int J Hum Comput Stud 1996 Jul;45(1):19-45. [doi: 10.1006/ijhc.1996.0040]

45. Davis F, Bagozzi R, Warshaw P. User acceptance of computer technology: a comparison of two theoretical models. Manag
Sci 1989;35(8):1003 [FREE Full text]

46. Terhorst Y, Philippi P, Sander LB, Schultchen D, Paganini S, Bardus M, et al. Validation of the Mobile Application Rating
Scale (MARS). PLoS One 2020 Nov 2;15(11):e0241480 [FREE Full text] [doi: 10.1371/journal.pone.0241480] [Medline:
33137123]

47. Stoyanov SR, Hides L, Kavanagh DJ, Zelenko O, Tjondronegoro D, Mani M. Mobile app rating scale: a new tool for
assessing the quality of health mobile apps. JMIR Mhealth Uhealth 2015 Mar 11;3(1):e27 [FREE Full text] [doi:
10.2196/mhealth.3422] [Medline: 25760773]

48. Yamamoto K, Ito M, Sakata M, Koizumi S, Hashisako M, Sato M, et al. Japanese version of the Mobile App Rating Scale
(MARS): development and validation. JMIR Mhealth Uhealth 2022 Apr 14;10(4):e33725 [FREE Full text] [doi:
10.2196/33725] [Medline: 35197241]

49. Lundberg S, Lee SI. A unified approach to interpreting model predictions. In: Proceedings of the 31st International Conference
on Neural Information Processing Systems. 2017 Presented at: NIPS '17; December 4-9, 2017; Long Beach, CA p. 4768-4777
URL: https://dl.acm.org/doi/10.5555/3295222.3295230

50. Clarke V, Braun V, Hayfield N. Thematic analysis. In: Smith JA, editor. Qualitative Psychology: A Practical Guide to
Research Methods. Thousand Oaks, CA: Sage Publications; 2015:23-51.

51. Lundberg S. Be careful when interpreting predictive models in search of causal insights. Medium. URL: https:/
/towardsdatascience.com/be-careful-when-interpreting-predictive-models-in-search-of-causal-insights-e68626e664b6
[accessed 2024-04-29]

52. She WJ, Ang CS, Neimeyer RA, Burke LA, Zhang Y, Jatowt A, et al. Investigation of a web-based explainable AI screening
for prolonged grief disorder. IEEE Access 2022;10:41164-41185. [doi: 10.1109/access.2022.3163311]

53. Taniguchi H, Takata T, Takechi M, Furukawa A, Iwasawa J, Kawamura A, et al. Explainable artificial intelligence model
for diagnosis of atrial fibrillation using Holter electrocardiogram waveforms. Int Heart J 2021;62(3):534-539 [FREE Full
text] [doi: 10.1536/ihj.21-094] [Medline: 34053998]

JMIR Hum Factors 2025 | vol. 12 | e65923 | p.92https://humanfactors.jmir.org/2025/1/e65923
(page number not for citation purposes)

She et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://europepmc.org/abstract/MED/35373216
http://dx.doi.org/10.1371/journal.pdig.0000004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35373216&dopt=Abstract
https://humanfactors.jmir.org/2021/4/e26964/
http://dx.doi.org/10.2196/26964
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34842528&dopt=Abstract
https://europepmc.org/abstract/MED/32417928
http://dx.doi.org/10.1093/jamia/ocaa053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32417928&dopt=Abstract
https://dl.acm.org/doi/10.1145/3490100.3516455
http://dx.doi.org/10.1145/3490100.3516455
https://dl.acm.org/doi/10.1145/3313831.3376807
http://dx.doi.org/10.1145/3313831.3376807
https://dl.acm.org/doi/10.1145/3173574.3173618
http://dx.doi.org/10.1145/3173574.3173618
https://link.springer.com/chapter/10.1007/978-3-540-89350-9_6
https://link.springer.com/chapter/10.1007/978-3-540-89350-9_6
http://dx.doi.org/10.1007/978-3-540-89350-9_6
http://dx.doi.org/10.9781/ijimai.2017.445
http://dx.doi.org/10.1006/ijhc.1996.0040
https://www.jstor.org/stable/2632151
https://dx.plos.org/10.1371/journal.pone.0241480
http://dx.doi.org/10.1371/journal.pone.0241480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33137123&dopt=Abstract
https://mhealth.jmir.org/2015/1/e27/
http://dx.doi.org/10.2196/mhealth.3422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25760773&dopt=Abstract
https://mhealth.jmir.org/2022/4/e33725/
http://dx.doi.org/10.2196/33725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35197241&dopt=Abstract
https://dl.acm.org/doi/10.5555/3295222.3295230
https://towardsdatascience.com/be-careful-when-interpreting-predictive-models-in-search-of-causal-insights-e68626e664b6
https://towardsdatascience.com/be-careful-when-interpreting-predictive-models-in-search-of-causal-insights-e68626e664b6
http://dx.doi.org/10.1109/access.2022.3163311
https://dx.doi.org/10.1536/ihj.21-094
https://dx.doi.org/10.1536/ihj.21-094
http://dx.doi.org/10.1536/ihj.21-094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34053998&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
AF: atrial fibrillation
AI: artificial intelligence
aVR: augmented vector right
CNN: convolutional neural network
ECG: electrocardiography
Grad-CAM: Gradient-Weighted Class Activation Mapping
HCI: human-computer interaction
IRB: institutional review board
ISO: International Organization for Standardization
MARS: Mobile App Rating Scale
PWA: progressive web application
SHAP: Shapley Additive Explanations
TAM: technology acceptance model
UEQ: User Experience Questionnaire
UX: user experience
V1: first precordial lead

Edited by A Kushniruk; submitted 29.08.24; peer-reviewed by D Almonfrey, HJ Noordmans; comments to author 14.10.24; revised
version received 27.11.24; accepted 05.01.25; published 13.02.25.

Please cite as:
She WJ, Siriaraya P, Iwakoshi H, Kuwahara N, Senoo K
An Explainable AI Application (AF’fective) to Support Monitoring of Patients With Atrial Fibrillation After Catheter Ablation:
Qualitative Focus Group, Design Session, and Interview Study
JMIR Hum Factors 2025;12:e65923
URL: https://humanfactors.jmir.org/2025/1/e65923 
doi:10.2196/65923
PMID:

©Wan Jou She, Panote Siriaraya, Hibiki Iwakoshi, Noriaki Kuwahara, Keitaro Senoo. Originally published in JMIR Human
Factors (https://humanfactors.jmir.org), 13.02.2025. 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 JMIR Human Factors, is properly cited. The complete
bibliographic information, a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license
information must be included.

JMIR Hum Factors 2025 | vol. 12 | e65923 | p.93https://humanfactors.jmir.org/2025/1/e65923
(page number not for citation purposes)

She et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://humanfactors.jmir.org/2025/1/e65923
http://dx.doi.org/10.2196/65923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Preadolescent Children Using Real-Time Heart Rate During
Moderate to Vigorous Physical Activity: A Feasibility Study

Lincoln Lu1, PhD; Danielle E Jake-Schoffman2, PhD; Hannah A Lavoie2, MS; Maedeh Agharazidermani1, PhD;

Kristy Elizabeth Boyer1, PhD
1LearnDialogue Lab, Computer and Information Science and Engineering, University of Florida, Gainesville, FL, United States
2Exhale Lab, Health and Human Performance, University of Florida, Gainesville, FL, United States

Corresponding Author:
Lincoln Lu, PhD
LearnDialogue Lab
Computer and Information Science and Engineering
University of Florida
1889 Museum Road
Gainesville, FL, 32611
United States
Phone: 1 352 392 1133
Email: lincolnlu@ufl.edu

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 is unknown. Further research about the feasibility and usability
of commercial HR devices is required to understand how children may use HR during PA.

Objective: This study aimed to explore the use of a chest-worn HR sensor paired with a real-time HR display as an intervention
tool among preadolescent children and the usability of a custom-designed app (Connexx) for viewing real-time HR.

Methods: We developed Connexx, an HR information display app with an HR analytics portal to view HR tracking. Children
were recruited via flyers distributed at local public schools, word of mouth, and social media posts. Eligible participants were
children aged 9 to 12 years who did not have any medical contraindications to MVPA. Participants took part in a single in-person
study session where they monitored their own HR using a commercial HR sensor, learned about HR, and engaged in a series of
PAs while using the Connexx app to view their real-time HR. We took field note observations about participant interactions with
the HR devices. Participants engaged in a semistructured interview about their experience using Connexx and HR during PA and
completed the System Usability Scale (SUS) about the Connexx app. Study sessions were audio and video recorded and transcribed
verbatim.

Results: A total of 11 participants (n=6, 55% male; n=9, 82%, non-Hispanic White) with an average age of 10.4 (SD 1.0) years
were recruited for the study. Data from observations, interviews, and SUS indicated that preadolescent children can use real-time
HR information during MVPA. Observational and interview data indicated that the participants were able to understand their HR
after a basic lesson and demonstrated the ability to make use of their HR information during PA. Interview and SUS responses
demonstrated that the Connexx app was highly usable, despite some accessibility challenges (eg, small display font). Feedback
about usability issues has been incorporated into a redesign of the Connexx app, including larger, color-coded fonts for HR
information.

Conclusions: The results of this study indicate that preadolescent children understood their HR data and were able to use it in
real time during PA. The findings suggest that future interventions targeting MVPA in this population should test strategies to
use HR and HR monitoring as direct program targets.

(JMIR Hum Factors 2025;12:e58715)   doi:10.2196/58715
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Introduction

Background
Physical activity (PA) levels are insufficient across most of the
world’s population [1], constituting a persistent problem in
global health. PA engagement in the United States is reflective
of global trends: only 25% of US children meet the minimum
daily recommended amount of moderate- to vigorous- PA
(MVPA) [2]. PA behaviors and insufficient PA developed during
childhood often worsen during adolescence if not addressed
through intervention [3]. Insufficient PA is also a risk factor for
obesity, a condition related to various comorbidities [4] that
can persist into adulthood [5,6]. Alarmingly, children who
develop obesity at a young age are more likely to have obesity
into adulthood [7]. Therefore, addressing obesogenic factors
(eg, PA) during childhood has the potential to positively impact
long-term overall health [8,9].

Effective behavioral interventions are essential to address
insufficient PA, particularly before the significant decline that
often occurs during adolescence, around the age of 13 years
[10]. Novel technologies can help expand the reach and
accessibility of PA promotion efforts. To date, most research
leveraging commercial PA devices has focused on adult
populations [11], although some studies focusing on children
have examined step counts as a PA outcome [12]. Step count
measures basic movement, but this metric insufficiently captures
the intensity of movement and, therefore, may be inadequate
for measuring or promoting MVPA.

In contrast to step count, heart rate (HR) holds great promise
for measuring MVPA. Moreover, it is possible that novel
technologies allowing children to view their HR in real time
could foster PA awareness and engagement. However, this great
potential is understudied; a recent systematic review found only
two studies that examined the use of existing commercial
sports-style HR sensors for use in preadolescent children [13].
The studies identified by the systematic review focused on
whether children would wear an HR sensor on their chest paired
with a wrist-worn HR display over a long time period [14] and
the accuracy of commercial HR sensors on a preadolescent
child’s wrist against a medical-grade control [15]. Another
recent study involved the use of chest-worn HR sensors paired
with a wrist-worn HR display to monitor PA in adolescents and
young adults. However, the study did not provide participants
with education on HR or guidance on effectively using HR to
achieve MVPA goals [16].

These studies demonstrate the accuracy of commercial HR
sensors and displays for preadolescent children. The adoption
of devices capable of displaying real-time HR information is
growing in this age group, matching trends across the
demographic spectrum. Recent statistics indicate wide adoption
of smartphones: 97% of Americans own a smartphone [17], and
ownership is equitable across racial and socioeconomic groups
[18]. Statistics from a survey conducted in July 2019 reported
that approximately 21% of the US population owned a

smartwatch [19]. Smart device adoption is growing among
preadolescent children in the United States; by their teenage
years, 95% of children either have their own smartphone or
have access to one through their family [20]. Despite the
growing ubiquity of these devices, research has only focused
on the technical ability of smart devices to surveille user HR
[16]. Research should now be conducted to explore the use of
real-time HR as an intervention tool to target specific MVPA
goals.

Objectives
Pairing chest-worn HR sensors with existing smart devices in
the form of smartphones and smartwatches is a novel
opportunity that has not been sufficiently explored. However,
providing real-time HR information without exploring
preadolescent children’s ability to understand and use HR in
real time to effectively target MVPA would only replicate
existing studies with new hardware [16]. Therefore, we provided
participants with information about HR and how to target
different HR zones during PA. This study primarily aimed to
explore whether preadolescent children can use real-time HR
information to target specific MVPA goals. A chest-worn HR
sensor was paired to a smart device (eg, smartphone or
smartwatch) that displayed real-time HR information. As the
HR sensors used in this study were originally designed for adult
use, a secondary objective of this study was to explore whether
preadolescent children could feasibly use a chest-worn HR
sensor paired with a smart device.

Another secondary objective of this study was to explore the
usability of a custom app (Connexx) developed by the research
team. As part of a broader program of research, the team is
exploring the impact of collaboration on PA, and one facet of
this research explores collaborative pairs in a family dyad
consisting of a parent or guardian and child. Dyads collaborate
by viewing each other’s real-time HR information during PA.
There are currently no commercial apps capable of transmitting
and displaying real-time HR information between two users.
We developed the Connexx app with this functionality.
However, a key aim of this study was to explore the usability
of Connexx for preadolescent children, who represent half of
the intended pair in parent or guardian and child collaborative
dyads. Thus, this study explored the usability of the Connexx
app in solo mode to establish its feasibility in use with
preadolescent children.

Methods

Study Setting
This feasibility study was conducted at the University of Florida,
Gainesville, Florida. Data collection occurred between October
2023 and February 2024.

Ethical Considerations
The study was approved by the University of Florida
Institutional Review Board (IRB202301463) and complies with
the ethical guidelines mandated therein. Informed consent was
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obtained from a parent or guardian electronically, and written
assent was obtained from the participants themselves at the start
of each study session. Audio and video recordings from study
sessions were stored on secured servers mandated as part of the
University of Florida Institutional Review Board parameters.
A US $25 Amazon e-gift card was provided to the participant’s
parent or guardian at the conclusion of the study session.

Study Equipment
Several pieces of commercial technology were used to measure
and display HR information (Figure 1). HR was measured using

a sport-style chest-worn HR sensor (Garmin HRM-Pro Plus),
and HR information was transmitted via Bluetooth Low Energy
and displayed on either a smartphone or smartwatch. The
smartphone used was a Google Pixel 4A, selected due to its low
cost and the ability of Android phones to sideload apps, allowing
us to install the Connexx app on the smartphone. The
smartwatch used was a Samsung Galaxy Watch 4, selected for
its Android-based operating system, which allows the Connexx
app to be modified from the smartphone version to be
compatible with the Galaxy Watch 4.

Figure 1. Smartwatch with solo workout screen connected to Bluetooth heart rate sensor. bpm: beats per minute; BLE: Bluetooth Low Energy.

This study used HR rather than accelerometry readings to
measure MVPA. HR was chosen because it can be used to
display effort in real time across various types of activities,
which can contribute to a more accurate measure of the amount
of time spent in MVPA [16]. We developed the Connexx app
to display real-time HR information between two users. The
Connexx app transmits real-time HR information between two
devices via a traditional Bluetooth connection. However,
Connexx is also capable of operating in solo mode, displaying
the real-time HR of a single user, as we did in this study (Figure
1). Information on the user’s current speed, distance covered
during the workout, and workout duration was displayed along
the top row of the Connexx solo workout screen. Speed and
distance fields can be toggled between metric and imperial units
by tapping on the display. The middle row of the workout screen
displays the user’s real-time HR. Connexx is able to display
real-time HR information as either beats per minute (BPM) or

as a percentage of maximum HR; users can toggle between
these two display options by tapping on the HR display. A
color-coded HR zone indicator is displayed below the HR field.
This color coding matched the colors on HR exemplar cards
used to explain HR information to participants (Figure 2). In
this study, maximum HR was calculated using an established
formula that is accurate for preadolescent children: 208 – (0.7
× age) [21]. The Connexx app automatically calculates HR
zones using a straightforward 5-zone division based on the
percentage of maximum HR, selected because there was no
clear consensus or definitive definition of specific HR zones
for preadolescent children [22-24] (zone 1: 0%-60%, zone 2:
>60%-70%, zone 3: >70%-80%, zone 4: >80%-90%, and zone
5: >90%-100%). Furthermore, the Connexx app has an analytics
portal; after the app records a workout, the information is sent
to this portal, capable of displaying data from the workout on
a graph.
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Figure 2. Exemplar heart rate (HR) zone explanation card for a participant aged 11 years.

Participants, Eligibility, Recruitment, and Screening
This study aimed to enroll a sample of 12 diverse preadolescent
children to complete the full protocol. This sample size was
chosen based on best practices in usability testing, showing that
a sample of 10 to 12 participants is able to identify most major
user issues [25]. Children were eligible to participate if they
were aged 9 to 12 years and in good health with no physical
conditions, injuries, or other conditions precluding them from
engaging in MVPA for up to 30 minutes (assessed via a
modified Physical Activity Readiness questionnaire for everyone
[26]). We sought an equal number of male and female
participants and equal distribution between Black, Hispanic,
and non-Hispanic White participants (the three largest racial or
ethnic groups in the local area).

Recruitment targeted parents of potentially eligible children
using an electronic flyer distributed via local public elementary
and middle schools, social media posts, and word of mouth.
The flyer provided basic information regarding the study,

eligibility criteria, compensation (US $25 Amazon e-gift card),
and a link or QR code to a Qualtrics screening questionnaire.
Parents or guardians completed the eligibility questionnaire,
which included demographic information about their child. If
the child was eligible, the parent or guardian was contacted via
email to sign an electronic consent form through REDCap
(Research Electronic Data Capture; Vanderbilt University).
Once consent was obtained, a study team member (LL)
scheduled the child for a study session.

Study Session
Study sessions were conducted at an indoor multiuse facility at
the University of Florida. The space measures approximately
1021 square meters (27.7 meters by 36.9 meters) and can be
used for a variety of uses, including basketball and volleyball;
it has a maximum capacity of 1140 people. The study session
began with obtaining assent for participation from the
preadolescent child and followed the format outlined in Figure
3.

Figure 3. Study session activities flowchart. HR: heart rate; SUS: System Usability Scale.
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Device Setup
Following assent, participants were fitted with Rode wireless
lapel microphones. A researcher (LL) explained the study
equipment and demonstrated the functionality of the chest-worn
HR sensor. Parents aided participants in putting on the HR
sensor. The session was recorded with a video camera. Next,
participants chose between a smartphone and a smartwatch to
view their real-time HR information. The Connexx app was
available to all participants on either a smartphone or a
smartwatch. However, all participants chose to use the
smartwatch. The participants were guided through the process
of entering their study information, such as their research
identification number, age, and maximum HR, into the Connexx

app. A workout was then initiated on the app, allowing
participants to view their HR in real time, with more HR
information provided to them.

HR Information
HR and HR zones were explained to the participants using a
real-time HR display in Connexx (Figure 1) and an exemplar
HR information card (Figure 2) based on their age (Table 1).
Additional language used to explain HR and HR zones is
provided in Multimedia Appendix 1. The goal of the brief
explanation was to frame the upcoming activities in a way that
participants could understand in relation to their HR zones. The
researcher encouraged the participants to ask questions during
the HR explanation.

Table 1. Example of the 5-zone heart rate (HR) categorization and description for participants aged 11 years.

Description of the zoneExample activities associated with the zoneZone effort categoryBPMaHR zones

Extremely difficult to hold a conversation and
most people must wait until after this effort to
speak

Very high effort activities, which are often repeated
(eg, sprinting in games such as tag multiple times
in a row)

Maximum181 to 200Zone 5

Difficult to hold conversation and often can
only squeeze in short 1- or 2-word responses
around breathing

Vigorous activities, such as playing a sport (eg,
soccer or basketball), strenuous hiking, running, or
climbing flights of stairs continually at a brisk pace

Vigorous161 to 180Zone 4

Slight difficulty to hold a normal conversation
and speech is negotiated around breathing

Shorter vigorous activities or long endurance activ-
ities (eg, climbing 2 to 3 flights of stairs or walking
or hiking for an hour)

Endurance141 to 160Zone 3

Can hold normal conversations without think-
ing about breathing

Watching an exciting program and slow walk for
short distances (eg, walking to the kitchen and
walking around the block at a slow pace)

Low endurance121 to 140Zone 2

Can hold normal conversations without think-
ing about breathing

Sleeping, sitting and reading a book, or watching
television

Rest≤120Zone 1

aBPM: beats per minute.

Activities
Next, we outlined the structure of the study to participants
(Figure 3). The study consisted of 2 activity intervals; activity
1 lasted for 10 minutes and activity 2 lasted for 3 minutes, each
followed by a brief rest period during which participants could
view their HR information via an analytics portal on a laptop.

Activity 1
This study primarily aimed to explore whether preadolescent
children can use real-time HR information to target specific
MVPA goals. Activity 1 was designed to provide participants
with an opportunity to observe their HR as it elevated through
several different zones aligning with MVPA, providing practical,
experiential use of HR information for participants. For activity
1, participants chose from playing basketball or soccer, or
walking or jogging around the gym space. A researcher
moderated participant effort during activity 1 by speeding up
or slowing down the activity to take participants through a range
of HR values. During this activity, the researcher asked
participants to report their real-time HR at regular intervals.
Querying for HR regularly was intended to help participants
notice how their HR responded to various activity levels.
Activity 1 was designed to increase participants’ HR through
multiple HR zones twice. Participants viewed their HR through

the Connexx app while engaged in PA. After completing activity
1, the researcher guided participants through ending the workout
on the Connexx app, and then, participants viewed a graphical
representation of their HR in a Connexx analytics portal. We
guided participants through the HR observation process, drawing
attention to how HR can vary at rest, how HR responds to effort
levels during PA, and how the body feels at various HRs.

Analytics Reflection
Once a workout ended on the Connexx app, workout data were
uploaded to the analytics portal. The analytics portal displayed
the participant’s color-coded HR zones in the background of
the graph, with HR in BPM on the vertical axis and duration
on the horizontal axis (Figure 4). The researcher pointed to the
connection between the HR graph and PA level: the more
intense the PA level, the steeper the HR graph line became.
Furthermore, the researcher pointed to how variable HR was:
when at rest, HR did not stay at a consistent BPM; rather, it
varied up and down slightly. In addition to the HR timeline
graph, the analytics portal also presents an HR zone breakdown,
which is a bar graph showing the total cumulative time the
participants’ HR spent in each zone (Figure 5). Participants
were encouraged to ask questions throughout the process of
viewing their HR graph.
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Figure 4. Sample heart rate graph following activity 1. bpm: beats per minute.

Figure 5. Sample heart rate zone cumulative time.

Activity 2
Activity 2 was designed to determine whether participants could
make use of the tools provided to them so far (such as the
information they have learned about HR, the HR sensor they
were wearing, and the Connexx display, which provided a
real-time display of their HR in BPM and HR zones) to maintain
their HR in a targeted zone. Participants were asked to maintain
their HR in zone 2 while engaged in the PA of their choice
(basketball, soccer, walking, or jogging). Zone 2 was chosen
because it was accessible to all participants, regardless of their
fitness level, and they had to use the tools provided to maintain
zone 2 HR, as they could easily exceed zone 2 HR by exercising

too intensely. Participants could use the Connexx display to
monitor their own HR and HR zone in real time to maintain
zone 2 HR. The only prompts we provided were for timing (eg,
when each minute elapsed). After 3 minutes, the participant was
invited to save and end their workout on the Connexx app and
view their HR graph for the second interval.

Analytics Review
The analytics portal displayed whether participants were
successful in maintaining their HR in zone 2 (Figure 6). The
HR zone breakdown also indicated the total time participants
spent in each HR zone.
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Figure 6. Sample heart rate graphical displays following activity 2. bpm: beats per minute.

Interview and System Usability Scale
After completing the 2 activities, participants engaged in a
semistructured interview about their experiences. The interview
explored participants’preference for smartwatch or smartphone,
the comfort of commercial chest-worn HR sensors and smart
devices, the participant’s real-time actions to adjust their HR
to meet a target goal, what HR zones mean to them, their
preference for HR zones, whether they had previous experience
with HR, and their enjoyment and potential future use of the
Connexx app (refer to Multimedia Appendix 2 for the full
interview script). During the interview, relevant objects and
visual aids were presented to the participants as needed (eg,
smartwatches and HR zone cards).

Finally, after the interview, participants filled out a modified
version of the System Usability Scale (SUS) specifically
modified and validated for use with preadolescent children [27].
This 10-item scale is used to calculate a usability score between
0 and 100. The commonly accepted threshold for a usable
technology is a score of 68 [28].

Observational Data Collection Measures
We conducted observational data collection during each study
session. In the event of recording capture device failure, a
physical copy of the start and end times of each activity and a
log of the participant’s HR report and its corresponding value
during the study session provide an overview of the participant’s
HR. Fortunately, this backup was not necessary during analysis.

The researcher who primarily interacted with the participants
recorded field notes after each session. Notes focused on
participant interaction with the instruments that might not be
captured through the interview or SUS questionnaire, such as
whether additional adjustments to the chest-worn HR sensor
were required and how quickly participants adapted to the input
methods for the Connexx app.

Analysis
Demographic data were summarized with descriptive statistics.
Observational data were collated with the session transcripts to
provide more depth and nuance to the thematic analysis.
Additional observations that were not captured in the transcripts
or SUS results are included as separate findings in the
Observational Findings section.

Interviews were recorded and automatically transcribed via
Microsoft OneDrive; we reviewed and revised autogenerated
transcripts. Three researchers (LL, MA, and HAL) with
qualitative research experience performed an inductive thematic
analysis [29]. They followed the 6 steps of thematic analysis:
data familiarization, initial code generation, searching for
themes, theme review, defining and naming themes, and
reporting [30,31]. While this study was designed with several
objectives, we remained open to accepting any informative
findings in the data. LL, MA, and HAL collaborated to
familiarize themselves with the data and generate codes using
a sample of the first 2 participant transcripts. The researchers
worked together to search and identify themes, creating a
codebook. The team then coded transcripts independently,
meeting after completing the third and fourth participant
transcripts to refine the codebook. Then, they coded the rest of
the participant transcripts independently. Intercoder reliability
was calculated using Krippendorff α [32] on a sample of 4
independently coded transcripts across 3 coders using the SPSS
software (IBM Corp) extension developed by Hayes and
Krippendorff [33]. Krippendorff α reliability estimate for the
3 coders was 0.907 (95% CI 0.8348-0.9621), corresponding to
a high degree of agreement among them.

Results

Participant Demographics
A total of 11 preadolescent children with an average age of 10.5
(SD 1.0) years participated in this study, of whom 6 (55%) were
male and 9 (82%) were non-Hispanic White. While the team
sought to recruit a sample with equal numbers of male and
female children and an even distribution of races and ethnicities,
this diversity was not achieved in the final sample.

Observational Findings
Several observations demonstrated that preadolescent children
can use real-time HR information to target specific MVPA
goals. Participants shared a strong interest in their real-time HR
information; some participants were quick to explore how their
HR would respond to changes in PA. Participants looked at
their HR information multiple times after initially starting a
workout in the Connexx app and observed how controlling their
breathing or fidgeting in their chairs may impact their HR. Their
ability to use real-time HR information was further demonstrated
by the actions of participants in activity 2. For activity 2,
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participants were asked to maintain their HR in zone 2 for 3
minutes of PA. A total of 7 participants successfully used the
Connexx display to hold their HR in zone 2. Of the remaining
4 participants, 1 (25%) initially ran at a high intensity that raised
her HR above zone 2; however, throughout the rest of the
3-minute activity, she ran progressively slower to bring her HR
back into zone 2. The 3 (75%) other participants took the
opportunity to exert themselves as hard as possible in an attempt
to achieve the highest HR reading instead of holding their HR
in zone 2. These participants knew how to use the Connexx
display to observe their HR in real time, as they looked at their
smartwatch throughout activity 2. However, these 3 participants
had a strong desire to see how high their HR could go. The
parent of 1 of these 3 participants noted that she was highly
competitive and always wanted to outcompete her older brother
(who was also a participant in this study). One of the participants
who successfully held his HR in zone 2 during the second
activity demonstrated a similar desire to achieve a high HR
value when he asked to be allowed to run around the gym space
after completing the study so that he could see how fast his HR
could read in the Connexx app.

Regarding hardware suitability for the children, all 11
participants chose to use a smartwatch to observe their HR in
real time, and the watch straps successfully fit across a range
of wrist sizes. However, there were some challenges with the
chest-strap HR sensor. Two (18%) of the 11 participants needed
the strap on the HR sensor to be shortened beyond its normal
range to fit securely around their bodies. In both cases, the strap
was shortened by <5 cm (by folding the excess fabric over and
securing it with a safety pin) from the lower limit of the original
strap range.

Furthermore, participants were able to quickly learn how to use
the Connexx app. All participants were able to report their
real-time HR and HR zone when prompted. Several participants
(7/11, 64%) were also able to navigate the Connexx app
themselves after the initial setup. They could swipe through the
different screens in the app and start and end workouts
themselves, and 2 (18%) out of 11 participants were able to
navigate the text input interface with minimal guidance from
the researcher. However, participants identified a substantial
issue with the Connexx app in its current state. During the
activities, participants noted that the font size of their HR display
was too small. This was of particular concern during activity 1,
as participants were moving vigorously at points to raise their
HR through multiple HR zones. Participants had to adopt several
different strategies to be able to see their HR values, including
bringing the watch close to their face or slowing down their
movement. The small font size of the Connexx app contributed
to interruptions in the MVPA participants were engaged in.

Interview Findings
The interview provided rich data that generated themes related
to using commercial devices to observe real-time HR to target
specific MVPA goals. Three major themes emerged: one focused
on real-time use of HR, one related to HR knowledge, and
another on device and app use. Specific subthemes ranged from
reports of real-time HR to preferences for the construction of
HR zones. Themes, subthemes, definitions, and sample quotes
are provided in Table 2. Major subthemes are described in the
following sections in detail.
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Table 2. Interview themes and sample quotes.

Sample quotesSubtheme definitionTheme and subtheme

Real-time sensemaking of HRa

“Oh, I’m at Zone 4!... (which is) 160 (BPM).” [Participant 2]Declarations of participant’s real-time
HR and HR zone

Reporting HR and HR
zones

“I just looked at the watch a couple of times throughout the exercise and I
saw Zone 2 and I’m like, OK, I’m, I was and I, you know, thought that I was
doing good. So, I just kept it at that pace.” [Participant 9]

How participants make use of real-
time HR during activities

Real-time HR use

“I feel like I have to breathe more, but it mostly feels similar.” [Participant
1]

How participant’s body feels at differ-
ent HR and HR zones

HR and correlation to body
sensations

HR-related knowledge

“I was just walking up and going over there to play soccer and it (HR) was
(already) at 117.” [Participant 4]

Confusion about HR or HR zonesConfusion regarding HR

“... with five, it’s, I just like feel kind of accomplished.” [Participant 8]Desire for a high HR or HR zone dis-
played

HR as an achievement

“In elementary school in PE class... count... how many beats we have in six
seconds? And then he would tell us to, like, multiply it by 10 and that’s beats
per minute” [Participant 4]

Previous experience learning about
HR

Previous knowledge of HR

“I personally like breaking stuff down to like smaller pieces and understanding
it better.” [Participant 9]

Preference for HR zones, 3 larger or
5 smaller zones

HR zone preferences

Device and app

“The smartwatch, you could just turn it over to look...” [Participant 7]Comments on function and design of
the device

Device user experience

“Wasn’t too tight, too heavy... it feels comfortable.” [Participant 3]How the devices felt for participantsDevice comfort or discom-
fort

“Probably just for like for fun, just to see (my HR).” [Participant 7]Like or dislike the app and willing-
ness to use (or not use) the app in the
future

App usability

aHR: heart rate.

Using Real-Time HR Information
During the interview, participants were asked about their
strategies for adjusting their efforts to meet specific MVPA
goals, including holding their HR in zone 2 for 3 minutes in
activity 2. Participants who successfully held their HR in zone
2 discussed how they adjusted their effort based on the HR
display (coded as “Real-time HR use” in Table 2):

I tried to keep the same speed when it was in Zone 2,
because if I got faster, it [referring to his HR] will go
higher, and if I went slower, it will go to Zone 1.
[Participant 3]

Often, this involved reducing their effort to not exceed the upper
limit of zone 2 (coded as “HR and correlation to body
sensations” in Table 2):

I tried using less power for [basketball] shots and
like, try and walk or running across slower to
conserve [energy]. [Participant 1]

The participants who were successful in keeping their HR steady
in zone 2 used their smartwatch to adjust their effort much more
often:

I just kept looking at the watch. [Participant 2]

Some participants (2/11, 18%) noticed that their HR would
change even when they did not think their actions should

correspond to the change (coded as “Confusion regarding HR”
in Table 2):

I was just walking up and going over there to play
soccer and it [HR] was [already] at 117. [Participant
4]

However, noting this unexpected result demonstrated that the
participant was actively making connections between their PA
and the displayed HR.

Not all participants were able to successfully keep their HR in
zone 2 during activity 2. These participants acknowledged that
they knew the goal was to maintain their HR in zone 2, but they
wanted to achieve the highest HR possible. When asked what
their HR was, participant 1 stated that “it just hit Zone 4, it is
161... I can go way faster than that!” (coded as “HR as
achievement” in Table 2), and participant 8 expressed interest
in his HR throughout the course of the study session. After
finishing activity 1, he told the researcher that he “would like
to see what it (his HR) looks like on a graph.” Furthermore,
after activity 2, where he was not successful in keeping his HR
in zone 2, he told the researcher that he did “want to see how
long I was in [zone] 5 for.”
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HR-Related Knowledge
In addition to findings on the specific research objectives,
several themes emerged during the inductive thematic analysis
process.

Previous Experience With HR
Four (36%) of the 11 participants had learned about HR in
school before taking part in the study (coded as “Prior
knowledge of HR” in Table 2); however, none of the participants
had a complete understanding of HR. Learning about HR in
school was summed up by a participant as follows:

[We would] do jumping jacks or jog in place for like
30 seconds, 20 seconds, and then... count our heart,
how many beats we have in six seconds, and then he
would tell us to, like multiply it by 10, and that’s beats
per minute. [Participant 4]

None of the participants had used a chest-worn HR sensor before
the study.

HR Zones
Participants were asked to describe what HR zones meant in
their own words, and overall, they were able to provide a basic
description of each zone. A participant explained the zones in
a manner similar to how we had explained them before activity
1, as follows:

Zone 1, just calm, sitting down and not doing
anything. Zone 2 I might be walking around, and I
don’t know. Zone 3 I would start to feel really hard
to breathe and a little faster [breathing]. Zone 4, I
might be breathing kind of heavier and having to slow
down a little bit. [Participant 4]

Other participants described the zones in relation to their own
experiences during the study:

[Zone] 4 was like, I got to 4 when I was like shooting
the ball and running. [Participant 7]

Participants were asked whether they had a preference for the
5 HR zones used in this study or a more simplified 3 HR zones
(coded as “HR zone preferences” in Table 2). Three (27%) of
the 11 participants preferred the simplicity of having fewer
zones:

It would be easier to look at if there was just easy,
medium, hard. It would be easier to keep it in the
easy-medium zone [referring to Zone 2]. [Participant
4]

The other participants (8/11, 73%) preferred 5 HR zones.
Reasons for preferring 5 zones differed between participants;
some preferred the greater granularity offered by more zones,
and others preferred more HR zones as it provided a sense of
achievement. A participant explained the meaning of having
more HR zones as follows:

It would narrow it down and be easier just to keep it
at that zone. [Participant 6]

Another participant explained his preference for more HR zones
as follows:

Oh, it’s just like an achievement. It kind of feels like
an achievement. [Participant 7]

I just want to know if I’m in Zone 5, because, like, it’s
exciting. [Participant 7]

Feasibility of Chest-Worn HR Sensors Paired to Smart
Devices

Device Preference
To explore device preferences, participants were asked why
they chose to use a smartwatch over a smartphone to observe
their HR during PA (which all participants did). While only 2
(18%) of the 11 participants had consistently used a smartwatch
before the study (one had their own, and another used their
father’s), all participants commented on the greater convenience
they could foresee with a smartwatch, particularly while
engaging in PA (coded as “Device user experience” in Table
2):

The smartwatch, you could just turn it over to look.
But for a smartphone, you have to grab it, then you
have to [mimes the action of pulling a phone out of
their pocket to look at it]. If you’re like working out,
and you want to know [your HR] you could just look.
[Participant 7]

Device Comfort
When asked about the comfort or discomfort of the devices, all
participants stated that the smartwatch felt comfortable (coded
as “Device comfort or discomfort” in Table 2):

I’m used to wearing watches, so it’s pretty normal
for me to put one [smartwatch] on. [Participant 1]

While there was some initial discomfort with the chest-worn
HR sensor, it soon became unnoticeable:

When I first put it on, it kind of feels weird. But I got
used to it when I used it for quite a while. [Participant
3]

Only one participant reported continued discomfort and a desire
to take off the HR sensor before the conclusion of the interview:

It was hot and kind of squeezing, so you get
uncomfortable feeling. [Participant 7]

Furthermore, one participant noted that using a softer fabric for
the strap would increase the comfort of the instrument:

If like the material is different, so you didn’t feel it as
much. Like if it’s like a smoother material or
something maybe not as thick. [Participant 6]

Usability of the Connexx App
Overall, participants were enthusiastic about the Connexx app
and the ability to observe their own HR data (coded as “App
usability” in Table 2). Participant 7 represented most participants
when he declared that using Connexx “was kind of fun!”
However, the small font size on the Connexx display made it
challenging to view real-time HR while engaged in PA. For
instance, participant 1 stated that what he “found frustrating
was when we were running that when I wanted to check my
HR, I couldn’t see it straight because of it shaking.” Many
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participants (9/11, 82%) expressed interest in using the Connexx
app in the future. The final response of participant 11 to a series
of questions regarding the Connexx app and the ability to view
her own HR was that she could “use it for playing games” with
her friends. Similarly, participant 7 noted that he would like to
use the Connexx app again in the future, “probably just for like
for fun.”

SUS Findings
The Connexx app can be considered highly usable in its current
iteration; participants rated the Connexx app with an average
score of 77.1 (SD 13.7), well above the threshold score of 68
[28]. However, feedback from this study will contribute to its
future refinement to further increase usability.

Discussion

Principal Findings
While significant research has demonstrated the accuracy of
commercially available HR devices for children [15], there has
been insufficient research on how real-time HR information can
be used to target MVPA goals. In this study, preadolescent
children were provided with a basic lesson about their HR and
HR zones, and then, they engaged in 2 PA sessions. Participants
demonstrated an understanding of the HR display during PA
by effectively using it to regulate their efforts. Therefore,
real-time HR information can be used by children as a tool to
meet PA guidelines more effectively; children can monitor their
own HR information to ensure that they are engaged in MVPA.
In addition, this study provides insight into the feasibility of
HR sensors and smart devices, smart device preferences, the
usability of a custom HR app, preadolescent children’s previous
HR experiences, and HR zone preferences.

Preadolescent Children Using Real-Time HR
Information to Target Specific MVPA Goals
The findings of this study are unique in research on HR device
use. Previous research often focused exclusively on accuracy
[34], overlooked how users interact with commercial fitness
trackers [35], or did not include HR information [36] in the
design. In fact, preadolescent children in one study complained
that the only real-time information they could see were step
count and distance [36]. Participants in a study that paired
chest-worn HR sensors with a wrist-worn display regulated
their effort based on running speed; these participants did not
use their available real-time HR information to adjust their effort
[16]. Participants in this study demonstrated their ability to use
real-time HR and HR zone information during PA by
successfully keeping their HR in zone 2. We observed
participants adjusting their effort while exercising (during
activity 2) to keep their HR in zone 2. Participants confirmed
in the interview that they adjusted their movement speed based
on their real-time HR display, demonstrating an ability to use
their real-time HR information to target specific MVPA goals
during the study session.

Feasibility of Chest-Worn HR Sensors Paired to Smart
Devices
Results of this study suggest that chest-worn HR sensors are
feasible for use by preadolescent children. While some
participants (2/11, 18%) mentioned slight discomfort when first
putting on the chest-worn HR sensor, this did not seem to be
an ongoing issue and was not brought up during activity 1 or
2. This study provides a more comprehensive investigation into
the comfort and usability of these devices compared to previous
research. One study that examined the use of a chest-strap HR
sensor in conjunction with a wrist-worn device for preadolescent
children focused on the accuracy of measurement rather than
how preadolescent children felt about using these devices [14].
Another study focused on the accuracy of commercial devices
for HR measurements, in this case, wrist-worn devices, without
consideration for the comfort of the device [15]. Participants in
this study were undergoing surgery, which may not be an
appropriate situation to consider the comfort of an HR
monitoring device. Furthermore, previous research that focused
on the comfort of devices [16] examined an older population,
whose more developed bodies may be better suited for devices
typically designed for adults. However, the findings of this study
indicate that chest-worn HR sensors and smartwatches were
generally comfortable for preadolescent children.

Preference for Smartwatch
An interesting finding of this study on the feasibility of smart
devices is the appeal of a smartwatch over a smartphone.
Researchers did not anticipate all participants to choose a
smartwatch over a smartphone for observing their HR
information during the study. This is an issue that was not
discussed in previous literature [37,38]. Upon reflection, this
preference aligns with current commercial trends. Most
preadolescent children (9/11, 82%) who participated in this
study did not have previous experience with smartwatches or
wristwatches in general, which may have contributed to a
novelty effect. However, during the interview, they identified
the convenience of using a wrist-worn device to view their HR
in real time. Several participants (6/11, 54%) commented on
perceived ease of use, where they would only have to move
their wrists up to be able to view their HR rather than pulling
a phone out of a pocket. Other participants (5/11, 45%) favored
the security of a worn device, noting that they do not have to
worry about dropping a watch compared to a phone.
Furthermore, some participants (2/11, 18%) noted that watches
may be more comfortable during PA, as a phone in their pocket
would move undesirably.

Usability
Research on the design of mobile apps and the use of
commercial wearable sensors has focused on the design process;
technical limitations, such as loading speed; and efforts to ensure
hardware capabilities and accuracy [39,40]. We developed the
Connexx app following best practices based on industry
standards and previous research [40,41]. Participants rated the
Connexx app with a SUS score of 77, which is above the
threshold score of 68 [28], indicating that the app has
above-average usability. In addition, the Connexx app received
a higher score than other digital health apps, more in line with
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other PA apps [42]. The usability of the Connexx app was
demonstrated by participants throughout the study.

For most participants (9/11, 82%), this was their first time using
a smartwatch, and for all participants, this was their first time
observing their real-time HR. We helped participants with the
initial setup, such as inputting their age and other information
in the Connexx app. However, many participants (7/11, 64%)
quickly figured out how to operate the Connexx app themselves,
and they could input text, navigate the menus, and begin and
end workouts on their own without our intervention. This ability
not only demonstrated the Connexx app’s usability but also this
population’s familiarity with modern technology and its use,
which was a concern for developing health-related apps for
preadolescent children [43].

Despite the high SUS score, there were issues with the Connexx
app. The Connexx app was initially developed for smartphones
and then adapted to smartwatches, creating unanticipated
usability challenges. The main PA screen for Connexx featured
live tracking of several data fields, including HR, activity time,
and speed. While this was easy to read on a smartphone display,
on a smaller smartwatch display, the presence of multiple data
fields resulted in each field being too small to be easily legible
during PA. Thus, participants used multiple strategies to stabilize
the smartwatch to be able to read what their HR was. The
inclusion of a large color-coded portion at the bottom of the
smartwatch display was helpful in informing participants of
their HR zone at a glance. Despite difficulty reading portions
of the app display, participants found it easy and fun to use.
Furthermore, some participants (2/11, 18%) indicated that they
not only wanted to use the app again in the future but also would
like to share it with their friends.

Other HR Findings
Additional findings from this study indicated that an
introductory lesson on HR helped provide participants with a
basic understanding of their HR and demonstrated the feasibility
of using HR during MVPA. Some participants (2/11, 18%)
viewed high HR as an achievement, and the preferences for HR
zones are linked to HR achievements for some participants.

Many participants (7/11, 64%) did not have previous experience
with HR. An introductory lesson on HR and HR zones was
provided for participants at the beginning of the study session,
using a simple description of HR zones, including color-coded
visual aids (Figure 2) and multiple descriptors that demonstrated
how the participants’bodies might respond to various HR zones
(Table 1). Participants subsequently demonstrated an
understanding of their HR information while engaged in PA,
responding to our queries about their HR with reports of both
their HR and the corresponding HR zones. Furthermore,
participants recalled the introductory lesson on HR well enough
after engaging in PA to describe HR zones during the interview;
some repeated the descriptors from the lesson, while others
applied the descriptors to their own experiences. These findings
suggest that participants were able to quickly grasp the HR
concepts taught during the session and that using HR to target
MVPA with preadolescent children is feasible.

This understanding of HR is even demonstrated by participants
who were unable to keep their HR in zone 2 during activity 2.
Participants who did not keep their HR in zone 2 demonstrated
their understanding of HR by fully exerting themselves in an
attempt to achieve a high HR reading. These participants were
more interested in hitting the highest HR and HR zone possible;
they viewed higher HR and HR zone as an accomplishment.
While participants used the technology in a way not originally
intended by the study’s design, it still showed their
understanding of HR and its application during PA.

Finally, many participants (8/11, 73%) preferred having a more
granular HR zone division, favoring the 5-zone model over the
3-zone option. Some participants (2/11, 18%) equated zone 5
with a higher sense of accomplishment, mirroring the drive to
achieve the highest HR possible. The drive for higher values is
reflected in commercially available products for PA tracking.
Platforms such as Strava [44] reward users by keeping track of
their personal records. Furthermore, when a user’s best
performance is faster than any other user for a particular
segment, the fastest user is rewarded with a crown icon and the
title “King of the Mountain” or “Queen of the Mountain.” The
desire for high achievement of these participants is likely a
reason why gamification and leaderboards are more effective
in PA promotion than health benefits [45].

Limitations
Despite these findings, this study is not without its limitations.
First, the participants had never encountered an app such as
Connexx before; therefore, the novelty factor of a new
measurement offered by the Connexx app may have offset
potential shortcomings arising from font size or other use
limitations [46]. As participants continue to use the Connexx
app, the SUS score may decrease, as the novelty of displaying
real-time HR information wears off. However, as participants
indicated having little previous experience or education with
HR, this highlights an educational opportunity missing from
school curricula, as the participants were interested in learning
about their HR.

In addition, the small sample size of this feasibility study limits
the generalizability of the findings. While there were almost
equal numbers of male and female participants, there was little
racial or ethnic diversity (9/11, 82% non-Hispanic White).
However, the sample size was still sufficient to demonstrate the
usability of these HR monitoring technologies with
preadolescent children [25]. Future research is needed to explore
the technologies with a larger, more diverse sample.

Because this was a feasibility study to explore whether
adolescent children could understand and use their HR
information in real time as opposed to measuring HR change
in response to PA, we did not control for other confounding
variables (eg, the child’s fitness level, diet, and resting HR).
Rather, as a first step, this study simply examined whether HR
use was possible. Moreover, due to the study design, this study
did not take advantage of the full scope of capabilities developed
as part of the Connexx app, including displaying a paired
partner’s HR information in real time. Future studies will further
explore these capabilities of the Connexx app.
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Conclusions
This study aimed to investigate the feasibility and usability of
multiple technologies to measure and display HR information
for preadolescent children. It examined whether preadolescent
children could effectively use these devices to view their HR
and make practical use of the information. The results indicate
that preadolescent children understood and used their HR to
regulate their MVPA and enjoyed using Connexx for real-time
HR observation. Participant responses demonstrate the ability

to use and the desire for access to real-time HR information
during PA. Future research should build on these findings
regarding the use of real-time HR as an intervention tool to
target specific MVPA goals. This could involve testing strategies
that use HR and real-time monitoring as direct targets in
program designs. Preadolescent children’s interest in using
real-time HR should be leveraged by researchers, health
professionals, and educators to promote MVPA in an engaging
way for this population.
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Abstract

Background: Maternal mortality remains a persistent public health concern in sub-Saharan African countries such as Ethiopia.
Health information technology solutions are a flexible and low-cost method for improving health outcomes with proven benefits
in low- to middle-income countries’ health systems.

Objective: This study aimed to develop and assess the usability of an electronic dashboard to monitor facility-level readiness
to manage basic emergency obstetric care (BEmOC) in Amhara, Ethiopia.

Methods: The study used three methods to iteratively refine the dashboard: (1) user-centered design sessions with individuals
who interact with the BEmOC supply chain, (2) review and feedback from domain and information visualization subject matter
experts (SMEs) to refine the dashboard, and (3) usability heuristic evaluation with human-computer interaction (HCI) SMEs.

Results: User-centered design sessions resulted in a preliminary version of the dashboard informed by end-user preferences
and perceptions, with recommendations focusing on aesthetic design, filtering and sorting, and matching with the real world. An
example of an end-user recommendation included increasing font sizes on the dashboard and using a red, yellow, and green
color-coding scheme. Next, domain and visualization SMEs continued the dashboard’s iterative refinement, focusing on aesthetic
design and navigation, by confirming design choices incorporated from the user-centered design sessions and recommending
changes to enhance user experience moving through the dashboard, such as adding more filtering options. HCI SMEs rated the
dashboard as highly usable (0.82 on a scale of 0-4, with 0 being no usability concern and 4 being a catastrophic usability concern).
The principle with the highest usability severity scores was a match between the system and the real world with a score of 1.4.
The HCI SMEs also rated the information visualization aspects of the dashboard favorably with 2 usability principles, spatial
organization and information coding, scoring 0.

Conclusions: Dashboards are a novel method for promoting and tracking facility capacity to manage BEmOC. By including
targeted end users and SMEs in the design process, the team was able to tailor the dashboard to meet user needs, fit it into the
existing government health systems, and ensure that the dashboard follows design best practices. Collectively, the novel, customized
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BEmOC dashboard can be used to track and improve facility-level readiness in Amhara, Ethiopia, and similar global BEmOC
facilities.

(JMIR Hum Factors 2025;12:e64131)   doi:10.2196/64131

KEYWORDS

health information technology; design and evaluation; Ethiopia; usability; nursing informatics; user-centered design; basic
emergency obstetric care; obstetric; nurse; user-centered; design; maternal mortality; maternal; develop; sub-Saharan Africa;
Africa; dashboard; tracking; emergency care

Introduction

Maternal mortality is a critical public health issue, particularly
in low-resource settings like sub-Saharan Africa, which accounts
for over three-fourths of global maternal deaths [1]. Despite
progress in reducing adverse maternal outcomes in countries
like Ethiopia, high maternal mortality ratios persist, largely due
to gaps and stockouts of essential supplies for managing
obstetric emergencies [2,3]. Inadequate supplies for basic
emergency obstetric care (BEmOC) can lead to delayed or
suboptimal care. A study on facility-level readiness to manage
BEmOC in Amhara, Ethiopia, using the Clinical Cascades
reported a 63.3% mean overall BEmOC readiness for managing
the 6 most common emergencies, which underscores the need
for improving facility-level BEmOC readiness in this region
[4].

A promising approach to improve facility-level BEmOC
readiness is the development and implementation of health
information technology (HIT) to monitor critical supply
availability. HIT involves the processing, storage, and exchange
of health information in an electronic environment, and has
been shown to improve health outcomes and strengthen health
systems in low-resource settings [5,6]. Electronic dashboards
are a form of HIT that can be used to track critical information,
provide alerts, assess performance indicators, develop reports,
and customize data views, which makes them a useful tool for
monitoring inventory data and facility-level readiness [7,8]. For
example, dashboards were used in Ethiopia to monitor the
supply inventory of malaria medications and prevent stockouts
from occurring, and a simple dashboard was merged into the
existing Integrated Pharmaceutical Logistics System (IPLS) in
the Amhara and Oromia regions of Ethiopia, resulting in
improved facility-level readiness to treat tuberculosis by
ensuring health care facilities had adequate supplies [7,8].
Beyond Ethiopia, HIT has been used to anticipate medical
stockouts and improve maternal health outcomes in low-resource
settings [9,10]. This evidence highlights the potential for HIT
to improve facility-level BEmOC readiness in Amhara,
ultimately contributing to improved maternal care quality and
reduced maternal mortality ratios.

Previous studies, including those conducted in low-resource
settings and Ethiopia, have demonstrated the benefits of HIT
and dashboards in improving facility-level readiness [5-8].
Furthermore, the growing utilization of technology and cellular
services across Africa further supports the feasibility of
implementing successful electronic solutions, driven by the
increasing adoption of HIT [11,12]. Finally, Ethiopia has
recognized the value of HIT in strengthening health care systems

and has been implementing electronic medical records in its
health care facilities since 2013 [13].

However, while dashboards can be a powerful tool for
improving health outcomes, their success depends on ensuring
high usability, enabling end users to effectively accomplish
their tasks. Usability is defined as “the extent to which a product
can be used by specified users to achieve specified goals with
effectiveness, efficiency, and satisfaction in a specified context
of use” [14]. Despite the potential of HIT, many
implementations have failed due to insufficient consideration
of end users’needs and the environment in which the technology
is applied [15,16]. Similarly, while dashboards show promise
for improving facility-level BEmOC readiness, their success
relies on development that incorporates input from targeted end
users, accounts for the context of use, and adheres to usability
principles. This study aims to develop and assess the usability
of an electronic dashboard for monitoring facility-level BEmOC
readiness.

Methods

Overview
To create the initial version of the dashboard, the team
incorporated findings from previous qualitative interviews with
individuals who worked in Ethiopia’s obstetric emergency
supply chain, used information and designs from the preexisting
dashboards in Ethiopia’s IPLS, and followed best practices
found in the current literature for dashboard development
[17-20]. The initial dashboard and its components were
developed in Microsoft PowerPoint (refer to Multimedia
Appendix 1).

To ensure adequate fit between the dashboard, the required
tasks, the current system, the environment, and intended users,
the research team conducted participatory user-centered design
sessions, performed informal evaluations with domain and
information visualization subject matter experts (SMEs), and
completed a heuristic usability evaluation with human-computer
interaction (HCI) SMEs.

Ethics Considerations
The research team obtained ethics approval from Columbia
University’s institutional review board (IRB) (IRB-AAAU2006),
Emory University’s IRB (MOD005-STUDY00005335), and
the Amhara Public Health Institute (NoH/RfftTlDlo7l44). Before
collecting data, the research team provided participants with an
information sheet and gave them time to ask questions about
the study. Once all questions had been answered, the team
obtained verbal informed consent from all participants before
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collecting data. All ethics review boards waived the requirement
for written documentation of informed consent because the
study procedures met the criteria for minimal risk to participants.
All data was de-identified and participants data was linked to
a random identification number. Only KD had access to the list
of participant names linked to the ID numbers. None of the
targeted end-users, domain experts, or subject matter experts
received compensation for their participation in the study.
Human-computer interaction experts participating in the
heuristic evaluation received a $50 amazon gift card for their
participation.

Sample Selection

User-Centered Participatory Design Sample Selection
Consistent with existing literature in the field of participatory
design, the team estimated that a sample size of 15 would be
sufficient to reach design saturation, a state where the design
sessions reveal no major revisions to the designs reviewed
[21,22]. The research team purposively recruited individuals
with firsthand experience working within the BEmOC supply
chain in Amhara, Ethiopia, at both the regional and local or
facility levels. Participants were required to be at least 18 years
old. Study participants were Ethiopian citizens and full-time
employees in one aspect of Amhara’s BEmOC supply chain,
such as hospital supply managers, regional hub employees, and
pharmacists.

Informal Expert Review Sample Selection
The domain SME was a research team member with over 6
years of experience conducting research in Amhara, Ethiopia;
evaluating the supply chain; and measuring facility-level
readiness to manage BEmOC. The information visualization
SMEs were individuals from Columbia University School of
Nursing’s Visualization Design Studio, where individuals with
varying levels of expertise can learn and gain advice on their
current projects. The discussions at this studio were led by 2
PhD-level faculty, a nurse scientist with expertise in
visualization design and evaluation, and a human-factors
engineer. Key contributions also came from other faculty
members at the university who have training in the areas of
nursing research and biomedical informatics. All information
visualization SMEs have published in the areas of information
visualization, HCI, and user experience.

Heuristic Evaluation Sample Selection
The study sample included 5 HCI SMEs who were recruited
through the team’s professional networks. Previous research
has found that 5-8 SMEs can identify over 80% of HIT usability
violations [23,24]. HCI SMEs were eligible for inclusion if they
had conducted research or published in the field of user
interfaces or information visualizations and had not previously
evaluated the dashboard.

Procedures

User-Centered Design Procedures
Staff from Emory-Ethiopia Partnership and Amhara Regional
Health Bureau identified BEmOC supply chain stakeholders
and reached out to determine if they were interested in

participating in this study. A member of the research team
contacted interested individuals via phone call, email, and
WhatsApp (Meta) messaging to explain the study in detail,
answer any questions, and set a time to meet in person with the
participant to obtain verbal consent and perform the research
activities. We used multiple communication channels to reach
potential participants; in particular, WhatsApp has been found
to be a useful tool for recruiting participants, specifically in
global settings [25,26]. Design sessions were conducted in
English and Amharic, and data collection tools were available
in both languages since Amharic is the national language and
Ethiopia’s health care professionals receive clinical training in
English [27,28].

Design sessions lasted approximately 60 minutes and occurred
in small groups of 2-4 people within the health care facility or
health bureau offices. Participants were given printed copies of
the initial dashboard and asked to verbalize their thought
processes as they explored the visualizations and information
in the preliminary dashboard [29-32]. Design sessions were
audio recorded and transcribed into English for analysis by a
team member who is bilingual in Amharic and English. The
individual conducting the analysis is a native Amharic speaker
with over a decade of experience translating Amharic to English
for health care research. Given their extensive expertise and the
time constraints of the study, the team opted not to perform
back translations. The dashboard development followed an
iterative process, consisting of 4 design sessions. After each
session, the research team incorporated recommended changes
into the dashboard, which were then presented in the subsequent
sessions [30].

Informal Expert Review Procedures
The team presented the Microsoft PowerPoint dashboard to a
domain expert and a group of information visualization SMEs.
Team member (KD) used Zoom (Zoom Video Communications)
screen-sharing capabilities to walk the domain expert through
the dashboard and their various features. The domain expert
then reviewed the dashboard and provided recommendations
for improvement.

KD presented the same dashboard to information visualization
SMEs at 2 sessions of the Visualization Design Studio [33].
KD walked the SMEs through the dashboard, answered
questions about their intended use, and elicited feedback and
recommendations. Collectively, both rounds of feedback were
used to optimize and further develop a medium-fidelity version
of the dashboard for use in the heuristic usability evaluation.

Heuristic Evaluation Procedures
The team used Figma to develop a medium-fidelity prototype,
which allowed the simulation of the dashboard’s workflow [34].
Using Zoom Pro, a Health and Insurance Portability
Accountability Act (HIPAA)–compliant videoconference
platform, and its screen-sharing technology, KD asked the HCI
SMEs to complete several tasks using the dashboard and
encouraged them to explore other components of the dashboard
(Multimedia Appendix 2). During their exploration, participants
completed a heuristic evaluation checklist to identify and rank
the severity of the usability violations and had the opportunity
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to explain the violations they encountered [23,24,32]. They
were also asked to describe what they were thinking, feeling,
and seeing while completing the various tasks. The sessions
were video recorded, and KD took field notes. At the end of the

sessions, the HCI SMEs and KD discussed potential solutions
for the identified usability violations. Participants were asked
to complete tasks during the heuristic usability evaluation
mentioned in Textbox 1.

Textbox 1. List of tasks participants were asked to complete during the heuristic usability evaluation.

Heuristic usability evaluation tasks

• Filter the main screen to only view primary hospitals.

• Determine which health care facilities are not ready to manage retained placenta.

• Determine if [hospital name] is ready to manage hypertensive emergencies. If not, identify which items are missing.

• Determine if [hospital name] is ready to manage maternal sepsis or infection. If not, identify which items are missing.

• Determine what emergencies [hospital name] is ready to manage.

• For prolonged labor at [hospital name] filter the supplies table to see the items that are at the emergency order point.

• For prolonged labor at [hospital name] filter the supplies to see the items that are overstocked.

• Determine how many health care facilities are at risk for not being able to manage retained placentas.

The Heuristic Evaluation Checklist used in this study was guided
by Nielsen’s 10 usability heuristics (ie, best practices; Table 1)
[24,35] and includes a 5-item scale where experts rate each
usability heuristic on a scale of 0 (not a problem) to 4
(catastrophic violation; Table 2) [23,32,36]. The research team
modified the original checklist to fit the needs of a
medium-fidelity dashboard (Multimedia Appendix 2). For

example, questions for heuristics related to error prevention,
help users with errors, and help and documentation were
excluded since those tasks could not be simulated with the
medium-fidelity prototype. In addition, 3 usability heuristics
specific to information visualizations in the dashboards were
included: spatial organization, information coding, and
orientation [19].

Table 1. Usability heuristics and their definitions used in the heuristic usability evaluation.

DefinitionTypeUsability heuristic

The system should always keep users informed about what is going on through appro-
priate feedback in a reasonable time.

HITaVisibility of system status

The system should speak the user’s language, with words, phrases, and concepts familiar
to the user. The system should follow real-world conventions and ensure the dashboard
fits within the existing workflow and technology system.

HITSystem and real-world match

Users should be free to select and sequence tasks and make their own decisions regarding
the cost of exiting current work. Users should have clearly marked “emergency exit”
to leave the unwanted state.

HITUser control and freedom

Users should not have to wonder whether different words, situations, or actions mean
the same thing. Systems should maintain interface design choices in similar contexts
and differ in different contexts.

HITConsistency and standards

The user should not have to remember information from one part of the dialogue to
another. Objects, actions, and options should be easily visible, and instructions should
be visible or easily retrievable whenever appropriate.

HITRecognition rather than recall

The system should offer users several options for finding content. Users should be able
to customize their interface and achieve their goals in an efficient manner and have the
capacity to adapt to users’ needs.

HITFlexibility and efficiency of use

The main dashboard should not contain information that is irrelevant or rarely needed.
The system should present the largest amount of data with the least amount of ink.

HITAesthetic and minimalist design

The overall layout of a visual representation should make it easy for the user to locate
an information element in the display.

Information visualiza-
tion

Spatial organization

The symbols and numbers used in the visualization should aid perception. The numeracy
and graph literacy of the visualization should match the intended users’ ability.

Information visualiza-
tion

Information coding

The system should provide support for the user and help to orient them in their visual-
ization.

Information visualiza-
tion

Orientation and help

aHIT: health information technology.
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Table 2. Severity ratings for usability violations in the heuristic evaluation.

ExplanationUsability problemScore

No problem identifiedNot a usability problem at all0

Need not be fixed unless extra time is available on the projectCosmetic problem1

Fixing this should be a low priorityMinor problem2

Important to fix, so should be given high priorityMajor usability3

Imperative to fix this before the product can be releasedUsability catastrophe4

Data Analysis

User-Centered Design Analysis
Analysis was concurrent with data collection with modifications
of the dashboard occurring after the initial 2 design sessions
and following the third and fourth sessions. Using the translated
transcripts of audio-recorded sessions and field notes, KD
extracted key preferences, identified poorly performing graphics
and dashboard components, and improved the design based on
participant feedback. The team maintained detailed notes on
design decisions and the rationale for those decisions alongside
the notes and transcripts, which functioned as an audit trail.

Heuristic Usability Evaluation Analysis
The responses on the Heuristic Evaluation Checklist were
transferred into Microsoft Excel for analysis [19,20]. The
research team used unique participant numbers to link the
responses to a confidential participant list. The data were
analyzed with descriptive statistics (frequencies and means)
[37]. Both session field notes and qualitative responses reported
in the free response comments section of the checklist were
used to understand usability and enhance the dashboard’s design.
During the evaluations, KD documented key areas of concern
that HCI SMEs verbalized during the sessions. Combing those
notes with the free-response comments, KD used the frequency
that those concerns were mentioned to understand their
importance. The usability concerns and potential solutions
reported from the free-response comments were also compiled
into a single list of action items, with duplicates removed, and
KD used this list to guide the refinement of the next version of
the dashboard.

Results

User-Centered Design Sessions

Sample Characteristics
In total, 6 individuals, who work at the regional health bureau
or regional hubs for supply distribution, participated in the first
2 design sessions and reviewed the initial version of the
dashboard. Following the refinement of the dashboard by KD,
5 individuals who work at health care facilities in the region
participated in the third and fourth design sessions and reviewed
the updated version of the dashboard. Recruitment and data
collection ended prematurely at 11 participants due to civil
unrest and safety concerns in the region [38].

Evolution of the Dashboard Design
During design sessions 1 and 2, participants reviewed the initial
version of the prototype, and during design sessions 3 and 4,
they reviewed a revised version that incorporated feedback from
study participants in design sessions 1 and 2. During design
sessions 1 and 2, participants viewed the initial design of the
dashboard and were able to easily grasp the idea the dashboard
was trying to portray related to facility readiness to manage
BEmOC. The users felt the dashboard, specifically, the regional
view, helped them to understand which facilities would be ready
to handle the emergencies. One regional respondent stated,

This image [dashboard] demonstrates how they
[individual health care facilities] would be able to
handle each health issue considering the level of the
supplies that each hospital has for these health
problems. In general, we can conclude from this
image [regional dashboard] that some hospitals are
in good condition for these health issues and others
are not in good condition for these health issues.

Generally, participants in the first two sessions focused on (1)
individual graphical component preferences such as which type
of charts they preferred to see the data presented and (2) how
they would want the data to be filtered and sorted. The third
and fourth sessions with the refined dashboard focused on (1)
confirming the terminology in the dashboard, and that it matched
terms used in the supply chain, and (2) affirming design changes
that were incorporated from the earlier sessions. Respondents
in the third and fourth sessions also provided feedback on which
job roles should have access to the dashboard. A participant
during the fourth design session stated,

This dashboard [emergency-specific view] is essential
for the dispensary unit as well. The store and supply
officer bears most of the workload or duty in this
workplace, but if the pharmacists and hospital
managers have access to the data, it would be very
good.

The changes that were incorporated during the design sessions,
as well as the session number, iterations of the dashboard, and
job level that provided the recommendations, can be found in
Multimedia Appendix 3. In the following paragraphs, more
details are provided on aesthetic design, filtering and sorting,
and matching with real-world preferences.

Aesthetic Design
For colors used throughout the dashboard, participants wanted
to use multiple colors that were consistent with those currently
used in the existing dashboard. Furthermore, participants in the
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first 2 design sessions identified pieces of information that they
thought should be removed from the dashboard because they
did not assist the end users with making decisions related to
supply ordering or maintaining facility-level readiness.
However, to ensure users could find information that was not
included in the dashboard, the research team added a button
that would allow users to view the comprehensive drug list,
which is already embedded in the electronic components of the
existing IPLS. Facility-level participants, during design sessions
3 and 4, explained that not all health posts will manage certain
obstetric emergencies, such as sepsis, so they should not receive
readiness classifications for those emergencies. In response to
this, the research team grayed out the classifications for those
facilities and their corresponding emergencies.

Another aesthetic preference in the early design sessions
included requests to include keys in the dashboard that define
the colors and terms. Participants in design sessions 3 and 4
agreed that the keys assisted in their comprehension of the
dashboard. Participants in design sessions 3 and 4 affirmed the
design choices of the previous sessions and provided only small
recommendations for the overall look of the dashboard, such
as increasing the font size. Related to aesthetic decisions, design
saturation was met with the smaller sample size.

Filtering and Sorting
Participants in the early sessions wanted to ensure there were
multiple ways to filter the data so they could view pieces of
information that were most important to them. Preferred filtering
and sorting options included viewing inventory alphabetically
within preestablished categories from the Ethiopian
Pharmaceutical Supply System (eg, medical equipment,
pharmaceuticals, and supplies), filtering supplies based on
quantity available at the facility, and filtering facility by health
care facility tier (eg, primary, general, referral, and center) [17].
Participants during the third and fourth design sessions endorsed
the filtering options identified in the earlier sessions.

The participants from design sessions 3 and 4 also wanted
employees at individual facilities to be able to view inventory
data at other facilities besides their own. They felt having access
to these data could support transferring excess supplies from
one facility to another when neighboring facilities faced
stockouts or were at an emergency order point. Thus, the
research team added the ability for facility-level users to select
different facility readiness data, similar to the regional-level
users. Since there was very little new information identified

during the second 2 design sessions, the research team
determined that the study achieved design saturation for filtering
preferences even with the smaller respondent sample.

Match With the Real-World Preferences
A feature that was a very important point of discussion in all
the design sessions was using appropriate terminology that
aligned with the participants’ current workflow and job
expectations. Participants wanted to ensure that all the terms
used within the dashboard aligned with terms from the IPLS.
For example, supply names and categories as well as terms for
quantities available were updated (eg, overstock changed to
excess, and normal changed to functional for the category
medical supplies).

One important change to note is that during the third design
session, participants recommended changing the terminology
for BEmOC readiness from ready, at risk, and not ready to
normal, emergency order, and stockout so they would be the
same as the terms used with the emergency-specific dashboard
view. Based on this recommendation, the research team created
3 different readiness terminology keys. The 3 options included
the original terms; the newly recommended terms; and a third
option of yes, no, and emergency order. Since the team could
not confirm their preferred choice for readiness terminology
due to the civil conflict in the region, the domain expert selected
the final terms—yes, at risk, and no. Since the team was unable
to obtain user preferences related to this final change, the study
did not achieve design saturation in the “match with the
real-world” domain.

Final Design
The final design comprised 2 different dashboard views for
monitoring BEmOC readiness—one for the regional level and
another for the facility level. The regional-level dashboard view
provides a summary of readiness for the 6 obstetric emergencies
for all health care facilities in the region. The facility-level
dashboard view focuses on one facility and one obstetric
emergency at a time. Overall study participants viewed the
dashboard positively, with one respondent from design session
4 reporting “The hard copies [of the dashboard] you showed us
today are beautiful and wonderful.” Figure 1 shows the design
of the dashboard following the integration of the findings from
the third and fourth user-centered design sessions, and
Multimedia Appendix 3 lists all the changes that were
incorporated into the dashboard following the user-centered
design sessions.
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Figure 1. Regional basic emergency obstetric care (BEmOC) readiness dashboard and emergency-specific, facility-level dashboard following user-centered
design sessions. Hospital names are real, but all readiness data are fictitious.

Informal Expert Review
The domain expert’s largest contribution to the refinement of
the dashboard was his input on which terms to use to define
BEmOC readiness, specifically for the regional view dashboard.
To make the final decision on readiness classification terms that
were discussed in the final user-centered design session, KD
presented the domain expert with 3 different options created
following the fourth design session. After reviewing the options,
the domain expert recommended KD use yes, emergency order,
and no. The rationale for this decision was the yes and no choice
was the simplest option, and he believed the end users would
be able to readily act based on these classification terms. The
domain expert also affirmed KD’s decisions to group data at
the regional and facility levels and felt that no critical
information was missing from the dashboard.

During the review by information visualization SMEs, most
recommendations aesthetics related to aesthetics and navigation.
In terms of aesthetic design, the recommendations mainly
focused on where to place different pieces of information or
graphics to best grab the users’ attention or prevent
overcrowding on a screen, for example, moving several columns
of data to the right in the emergency-specific dashboard view.
This would allow users to scroll horizontally to see that
information, but it would not be visible without scrolling so
there would be less information crowding the page. To improve
navigation between the various dashboard views, the SMEs
during the design studio recommended adding additional
filtering options, such as for emergency readiness categories.
They also recommended adding an affordance feature to the
dashboard so that users would be able to see which items on
the screen are clickable or not. In addition, the experts
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recommended adding several additional titles to different
dashboard views to enhance clarity. These changes were

incorporated when the dashboard was updated from PowerPoint
to Figma (Figure 2).

Figure 2. Regional view dashboard following informal expert review. All inventory data in this dashboard are fictitious.

Heuristic Usability Evaluation With Human-Computer
Interaction Experts
The heuristic evaluation took approximately 30 minutes per
session. The years of experience for HCI SMEs ranged from 4
to 14 years, with a mean of 9. All HCI SMEs were female.

Overall, severity scores for heuristic evaluation ranged from 0
to 3 for the 10 usability principles. The mean usability score
for all ten heuristics combined was 0.82 (SD 0.98), with a mode
of zero. The principle with the highest severity rating was a
match between the system and the real world, with a score of
1.4, which falls between a minor and cosmetic usability concern.
For this principle, 4 HCI SMEs identified inappropriate color
choices for both potential users with color blindness and using

colors not congruent with common color-coding expectations
as a common issue. Additional problems included the dashboard
using concepts and phrases that were unfamiliar to the
evaluators, and 3 evaluators felt the section headings were not
ordered in the most logical fashion. HCI SMEs identified issues
with usability principles visibility of system status, user control
and freedom, consistency and standards, and recognition rather
than recall (mean 1.2 for each, SD 0.84, 1.3, 0.84, and 1.3,
respectively), which also falls between a cosmetic and minor
usability concern. Concerns related to these principles included
2 of the HCI SMEs identifying the lack of clear exits for every
dashboard and feeling that the current design hindered their
ability to efficiently navigate the system. Table 3 shows the
mean value, range, and mode for the 10 heuristic principles.
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Table 3. Identified heuristic usability problems and their severity scores.

Score,
mode

Score,
range

Score, mean (SD)ProblemsHeuristic category

1 and 221.2 (0.84)Visibility of system status • Title font is too small
• Color choices may be inappropriate for color-blind users
• Vertical bar charts make reading supply labels more difficult
• Need hyperlinks to improve navigation
• Menu-naming terminology is not consistent with the user’s task do-

main

121.4 (0.89)Match between system and
real-world

• Color choices may be inappropriate for color-blind users
• Section headings and subheadings are not ordered in the most logical

way
• Not all words, concepts, and phrases were familiar to the human-

computer interaction subject matter experts
• Some of the colors used in the dashboard do not correspond to com-

mon expectations about color codes

031.2 (1.3)User control and freedom • Need hyperlinks to improve navigation
• Not a clear exit on each dashboard screen
• Not all screens are accessible across the system
• Users could not easily move forward and backward between fields

1 and 221.2 (0.84)Consistency and standards • Titles on the regional view dashboard do not update when the user
filters the data

• Abbreviations not clearly explained
• Some colors are too similar to distinguish from other categories
• Not enough or inconsistent visual cues to identify active screens

031.2 (1.3)Recognition rather than
recall

• White space is not optimized within the emergency-specific dashboard
view

• Prompts, cues, and messages are not placed where the eye is likely
to be looking on the screen

020.6 (0.89)Flexibility and efficiency
of use

• Need hyperlinks to improve navigation

0 and 120.8 (0.84)Aesthetic and minimalist
design

• Not all field labels are brief, familiar, or descriptive
• Large objects, bold fonts, and simple areas have not been used to

distinguish sections
• There is not enough white space between color representation
• Too much text is present in the keys which makes the screens look

busy

000 (0.0)Spatial organization • Font size is too small throughout the dashboard
• Information does not follow a logical flow

000 (0.0)Information coding • No problems identified

030.6 (1.3)Orientation • Measurement units are not displayed clearly
• Users cannot control the level of detail they see in a representation

The experts provided several recommendations for how to
remedy the problems identified during the heuristic evaluation.
They believed adding hyperlink functions would improve users’
ability to navigate between the dashboard views, thus increasing
usability scores for visibility of system status, user control and
freedom, and flexibility and efficiency of use. Aesthetically,
the experts believed increasing the font size of titles and data
within the dashboard, as well as moving different components
of the dashboard around to maximize white space would
improve scores for spatial organization, aesthetic and minimalist
design, recognition rather than recall, and visibility of system
status.

HCI SMEs also made recommendations that disagreed with
user preferences identified during the design sessions. These
differences included the experts preferring horizontal bar charts
compared to vertical bar charts. An expert explained the
rationale for this preference stating a horizontal bar chart allows
for the labels in the table to be read horizontally, which can be
easier for users. However, during the user-centered design
sessions, the participants had a resounding preference for the
vertical bar charts because they were more familiar with that
format since some of their preexisting dashboards included
vertical bar charts in the IPLS. Given the importance of the new
dashboard to mimic the look of the existing ones, as well as the
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fact that the users explicitly preferred the vertical presentation,
KD chose to retain the vertical bar charts. The color of the tables
and graphs was also a point of disagreement between experts
and users. The experts did not think the red, yellow, and green
color choices were appropriate because these colors can be
difficult to distinguish if individuals are color blind [39].
However, the targeted end users of the dashboard preferred
those colors because the colors reminded them of traffic lights,
and the users could make assumptions related to the significance
of the colors based on what those colors mean by a traffic light.
The research team chose to keep the traffic light color scheme.

Beyond these recommendations, the reviewers cited several
positive features of the dashboard. This includes things such as

the belief that the icons used throughout the dashboard were
clear and easy to associate with their function. In addition, the
experts found the labels and keys to be clear and assisted with
comprehension of the data. One respondent reported, “Your
labels are quite clear. It’s [the dashboard] very accessible and
you have nice keys right here.” The heuristic violation severity
scores for information visualization-specific heuristics were
low with scores of zero for spatial organization and information
coding, and 0.6 for orientation. Table 4 summarizes the changes
incorporated into the dashboard following the completion of
the heuristic usability evaluation. The final dashboard is
displayed in Figure 3.

Table 4. Summary of changes incorporated into the dashboard following the heuristic evaluation

Changes following heuristic evaluationHeuristic category

Visibility of system status • Increased font size throughout the dashboard
• Added hyperlinks to the dashboard

Match between system and real-
world

• Updated section headings to reflect filtering capabilities
• Updated the terminology defining BEmOCa readiness on the regional-level dashboard

User control and freedom • Added hyperlinks to the dashboard
• Ensured exit buttons on every screen are activated
• Activated more functions within the dashboard to make it a higher-fidelity prototype

Consistency and standards • Updated section headings to reflect filtering capabilities
• Defined all abbreviations used in the dashboard
• Changed the colors for functional and nonfunctional on the emergency-specific screen so that they are more

easily distinguishable from the other colors used on the screen
• Added additional visual cues to identify active screens

Recognition rather than recall • Moved graphics at the top of the dashboard to optimize white space
• Added additional visual cues to identify active screens

Flexibility and efficiency of use • Added hyperlinks to the dashboard

Aesthetic and minimalist design • Shortened information in the keys to make them one line of text
• Shortened data within the tables to make it one line of text
• Used bold fonts for all titles
• Moved graphics at the top of the dashboard to optimize white space

Spatial organization • Increased font size throughout the dashboard
• Improved the navigation between dashboard views to make them a higher-fidelity prototype

Information coding • N/Ab

Orientation • Increased font size for measurement units
• Activated more functions within the dashboard to make it a higher-fidelity prototype

aBEmOC: basic emergency obstetric care.
bN/A: not applicable.
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Figure 3. Final regional view and emergency-specific view of the dashboard following the heuristic usability evaluation. Hospital names are real, but
all readiness data are fictitious.

Discussion

Principal Findings
The dashboard underwent iterative refinement based on user
input, domain expert feedback, information visualization
evaluations, and heuristic usability assessments. Regional
participants emphasized preferences for vertical bar charts,
traffic-light color coding, and keys to define readiness levels,
while facility-level users focused on aligning terminology with
existing workflows and tailoring readiness classifications. The
information domain expert provided critical input on readiness
terminology, and information visualization experts suggested
improvements in layout, navigation, and aesthetics, such as
optimizing white space and increasing font sizes. Collectively,
the central tendency of heuristic severity scores, combined with
a mode of zero, indicated high overall usability of the dashboard.
However, the HCI experts did highlight minor usability
concerns, including navigation and accessibility improvements,
which were addressed in the final design. While some expert
recommendations, such as horizontal bar charts and alternative
color schemes, differed from user preferences, the team
prioritized end-user input to ensure practical usability. The final
dashboard is intuitive, visually clear, and aligned with real-world
needs, achieving high usability and user satisfaction.

This study highlights the importance of including participants
from all targeted end-user groups. By including employees from
both regional and facility levels, the team gathered diverse,
relevant perspectives, ensuring the dashboard met the real-world
needs of users across different supply chain roles and
experiences. Feedback from both end users and experts enhanced
the overall usability and functionality of the dashboard. This
aligns with existing usability literature, which emphasizes the
value of involving both end users and experts to identify distinct
concerns and improve HIT design [40]. Participants’
spontaneous interpretations of the dashboard underscore their
understanding of the content, and obtaining these perceptions
and insights can assist in preventing usability errors from
occurring later in the piloting or implementation phase of HIT
development. These refinements will likely maximize the ease
of implementation and promote consistent uptake and utilization
by future users [41,42].

There were 2 areas of disagreement between HCI SMEs’
recommendations and end-user preferences: bar chart orientation
and color schemes. The research team chose to keep the vertical
bar charts for their familiarity with the end users and alignment
with existing dashboards. In addition, lower color blindness
prevalence among Black African and African American
populations (4.2% compared to 6.6% and 1.4% compared to
5.6% respectively) compared to White populations (6.6% and
5.6%) [43,44] supported the decision to maintain the preferred
color scheme, as most targeted end users were unlikely to face
difficulties distinguishing the colors.

This study reinforces the notion that obtaining expert opinions
and performing usability testing can be a low-cost, efficient
method for exploring technology needs [45]. Performing the
evaluations with the domain expert and the information
visualization SMEs took less than an hour for both groups and
provided critical information on how to improve upon the design
of the dashboard. Performing usability evaluations can identify
problems and usability concerns that may not have been noticed
before HIT implementation, avoiding costly and time-consuming
corrections [24].

Finally, this study contributes to the growing body of literature
on the use of dashboards to support BEmOC in sub-Saharan
Africa. Similar to findings by Banke-Thomas et al [46] and
Wang et al [47], stakeholders expressed enthusiasm for
dashboards and prioritized features like reporting facility
characteristics on the dashboards. However, there remains a
gap in the literature regarding the specific design preferences
of end users. This study addresses that gap by highlighting key
preferences, such as the use of stoplight color coding and
IPLS-specific terminology, which enhance usability and are
tailored specifically for dashboards intended for Ethiopia and
BEmOC contexts.

Limitations
During data collection, there was unanticipated civil unrest in
the Amhara region, which prevented the research team from
recruiting participants outside of the regional capital of Bahir
Dar and from completing participant recruitment from multiple
facilities outside the regional capital. Despite this unforeseen
barrier, design saturation was reached for 2 out of the 3
categories during the design sessions. There was also a lack of
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gender diversity among our participants. Only one user-centered
design participant from Ethiopia was female. However, this
gender imbalance mirrored the existing gender imbalance in
the existing health system for these roles. However, future
research related to this dashboard and facility-level BEmOC
readiness would benefit from an emphasis on opinions and
participation from female participants with relevant expertise.
Conversely, all HCI SMEs were female. While the incorporation
of a female perspective is critical since the sample for
user-centered design sessions was predominately male, the effect
of having completely female HCI SMEs is unknown. Future
research should incorporate technical and gender-balanced
perspectives during both user and HCI SMEs’ review of this
dashboard.

Furthermore, the dashboard design was informed by responses
from participants in qualitative interviews. However, due to
time constraints, the initial prototype was developed by the
research team rather than being cocreated with participants.
While this approach allowed the team to efficiently move
forward with development, it may have limited the incorporation
of deeper, iterative feedback from participants during the initial
design phase. This limitation could have influenced the
alignment of the prototype with user needs and preferences,
which may require further refinement in future iterations.

To prospectively limit social desirability bias, the research team
created a low-stress, comfortable environment for data collection
and emphasized our desire to obtain personal responses to the
dashboard while reiterating that all opinions would be blinded
so no one could identify specific feedback from specific
participants. The team chose to have an Amharic-speaking

Ethiopian team member conduct the user-centered design
sessions rather than the principal investigator, who is from the
United States and does not speak Amharic. The team took steps
to ensure confidentiality and used indirect questioning
techniques in an attempt to garner the participants’ true opinions
[48]. Furthermore, the dashboard reviewed in the heuristic
usability evaluation was medium fidelity. This means the
dashboard was not able to complete all required tasks and certain
usability heuristics, such as help and documentation and error
prevention, were excluded from this evaluation, since their tasks
were not applicable at this stage in the design process. Future
research will need to explore all usability heuristics before
implementation to ensure no new concerns arise once the
dashboard transitions from a medium- to high-fidelity model.

Conclusion
In conclusion, this study demonstrates the value of user-centered
design and usability evaluations in developing HIT for
low-resource settings. By integrating diverse perspectives from
regional and facility-level participants, as well as domain and
usability experts, the dashboard was refined to meet real-world
needs and achieve high usability. This iterative approach not
only addressed usability concerns but also incorporated end-user
preferences, ensuring alignment with existing workflows. The
study fills a gap in the literature by identifying design
preferences tailored to Ethiopia’s health care context, offering
a model for future HIT development aimed at improving
BEmOC readiness and maternal health outcomes. These findings
emphasize the importance of engaging end users and experts
early in the design process to create functional, user-friendly
systems that support effective implementation and long-term
adoption.
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Abstract

Background: The Early Psychosis Intervention Network of California project, a learning health care network of California
early psychosis intervention (EPI) programs, prioritized incorporation of community partner feedback while designing its eHealth
app, Beehive. Though eHealth apps can support learning health care network data collection aims, low user acceptance or adoption
can pose barriers to successful implementation. Adopting user-centered design (UCD) approaches, such as incorporation of user
feedback, prototyping, iterative design, and continuous evaluation, can mitigate these potential barriers.

Objective: We aimed to use UCD during development of a data collection and data visualization web-based and tablet app,
Beehive, to promote engagement with Beehive as part of standard EPI care across a diverse user-base.

Methods: Our UCD approach included incorporation of user feedback, prototyping, iterative design, and continuous evaluation.
This started with user journey mapping to create storyboards, which were then presented in UCD workshops with service users,
their support persons, and EPI providers. We incorporated feedback from these workshops into the alpha version of Beehive,
which was also presented in a UCD workshop. Feedback was again incorporated into the beta version of Beehive. We provided
Beehive training to 4 EPI programs who then piloted Beehive’s beta version. During piloting, service users, their support persons,
and EPI program providers completed Beehive surveys at enrollment and every 6 months after treatment initiation. To examine
preliminary user acceptance and adoption during the piloting phase, we assessed rates of participant enrollment and survey
completion, with a particular focus on completion of a prioritized survey: the Modified Colorado Symptom Index.

Results: UCD workshop feedback resulted in the creation of new workflows and interface changes in Beehive to improve the
user experience. During piloting, 48 service users, 42 support persons, and 72 EPI program providers enrolled in Beehive. Data
were available for 88% (n=42) of service users, including self-reported data for 79% (n=38), collateral-reported data for 42%
(n=20), and clinician-entered data for 17% (n=8). The Modified Colorado Symptom Index was completed by 54% (n=26) of
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service users (total score: mean 24.16, SD 16.81). In addition, 35 service users had a support person who could complete the
Modified Colorado Symptom Index, and 56% (n=19) of support persons completed it (mean 26.71, SD 14.43).

Conclusions: Implementing UCD principles while developing the Beehive app resulted in early workflow changes and produced
an app that was acceptable and feasible for collection of self-reported clinical outcomes data from service users. Additional
support is needed to increase collateral-reported and clinician-entered data.

(JMIR Hum Factors 2025;12:e65889)   doi:10.2196/65889

KEYWORDS

eHealth; user-centered design; learning health system; psychosis; early psychosis; user-driven development; web-based; data
visualization; surveys and questionnaires; measurement-based care

Introduction

Background
Research estimates that the lifetime prevalence of psychotic
disorder diagnoses is approximately 1.5%, and the prevalence
of psychotic symptoms is between 4.2% and 17.5% [1].
California, the most populous and second most diverse state in
the United States [2], had a population of 39.11 million in 2023,
according to the California Census Bureau. This indicates that
586,650 to 6.8 million Californians may experience psychosis
symptoms in their lifetime. In response to this, many California
counties have developed specialty early psychosis intervention
(EPI) services, which vary widely in their implementation
approach [3]. The Early Psychosis Intervention Network of
California (EPI-CAL) [4] was developed to support the
provision of quality EPI services and to create an infrastructure
to conduct standardized measurement of the impact of early
psychosis care delivery. To support this goal, the EPI-CAL
team, in collaboration with several California counties,
developed a learning health care network (LHCN) consisting
of EPI programs across the state. The EPI-CAL LHCN later
joined the national Early Psychosis Intervention Network [5],
which allowed additional California EPI programs to participate.
Members of the LHCN agreed to gather standardized
information and outcomes from their clinics as part of
measurement-based care (MBC). Collecting this information
is critical to support quality early psychosis care provision within
clinical programs as well as enhance statewide learning and
development. For example, a narrative review of an MBC
approach in behavioral health clinics found such benefits as
significantly improving clinical outcomes, improving symptoms
more quickly, and decreasing treatment costs [6].

To this end, the EPI-CAL team chose to design and implement
a web-based and tablet app called Beehive. We chose the name
Beehive to reflect the envisioned purpose for the app: to help
LHCN programs learn and grow together for the betterment of
the collective, just as bees work together to build a hive for the
benefit of the colony. Beehive is a robust, stand-alone eHealth
app for use by service users, their support persons, and EPI
program providers. In this text, we use the term service user to
refer to the individual with a psychosis diagnosis who is
receiving mental health care from an early psychosis program.
We use the term support person to refer to any person that the
service user has chosen to involve in their care. This is typically
the individual’s parent but might be another family member, a
friend, a partner, or some other close relative. Beehive’s purpose

is to promote MBC in EPI programs by standardizing data
collection across a network of programs focusing on community
partner priorities; supporting key components of care such as
assessment, safety monitoring, and ongoing care delivery;
supporting program-level management of care; and aggregating
data across a large network to support evaluation and research
at state and even national levels [4].

We chose an eHealth approach to implementing MBC due to
its appropriateness for the EPI setting and its potential benefits.
Despite the perceived challenges related to experiences of
suspicion or paranoia, individuals experiencing mental health
difficulties, such as schizophrenia and bipolar disorder, have
widely found use of eHealth both feasible and acceptable [7-10].
Furthermore, the use of eHealth can support the advancement
of MBC. For example, eHealth apps have been previously
demonstrated to promote symptom and outcomes monitoring
in both early psychosis care [11,12] and LHCNs [13].
Conducting MBC with eHealth enhances its benefits as it allows
for data collection to be standardized across programs and
instantly available. For example, MBC may promote
collaboration across a care team [14-16], which is relevant for
EPI programs for which the evidence-based treatment,
coordinated specialty care, is inherently team based [17]. Use
of eHealth to collect data in this setting allows data collected
by one team member or entered by a service user to be instantly
available for all team members. eHealth also enhances the
benefits of MBC through data aggregation, which enables
evaluation of program performance [16,18,19] or promotion of
evidence-based treatments [16,20].

Though there are many potential benefits, there are also
numerous barriers to implementation of both new eHealth
technology and MBC. According to a systematic literature
analysis, the top factors posing a barrier to eHealth app
implementation include lack of digital health literacy, lack of
devices, financing issues, service-user cognition, and security
[21]. These barriers contribute to low adoption and user
acceptance, which limit the success of implementation [22,23].
Barriers to implementation of MBC include training burden,
concern that negative feedback causes harm to service users,
and the time required for survey completion [24-26].

To pursue the benefits of using eHealth to implement MBC and
mitigate the potential barriers, we developed Beehive with
user-centered design (UCD) principles. UCD prioritizes the
needs and expectations of the end user [27,28]. UCD approaches
include dedicated design activities, active involvement of users
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in the design process, incorporation of their feedback,
prototyping, and continuous evaluation [29], which can address
low user acceptance and low adoption [30]. Beehive’s iterative
development began with a collaborative process with service
users, support persons, and EPI program providers to identify
and prioritize which outcome measures should be collected in
the app [31]. We also explored how service users, support
persons, and EPI program providers wanted to be informed
about data-sharing options in Beehive and built Beehive’s end
user license agreement (EULA) workflow to incorporate user
perspectives [32]. With the survey content and EULA workflow
finalized, we moved onto the development of the user-facing
parts of Beehive.

Objectives
In this study, we aimed to (1) use UCD principles to create a
co-designed web-based and tablet app, called Beehive, to

support MBC in EPI programs, and (2) assess Beehive’s initial
feasibility in clinical settings by piloting it in 4 EPI programs.

Methods

Design
To promote Beehive engagement across multiple types of users
and across multiple domains of engagement, we integrated UCD
principles of incorporation of user feedback, prototyping,
iterative design, and continuous evaluation. Service users,
support persons, and EPI program providers had multiple
opportunities to provide feedback, which was incorporated
throughout Beehive development. Figure 1 shows the study
design from conceptualization through data collection.

Figure 1. Study design for Beehive development.

The development process began with conceptualization of user
journeys. User journey mapping envisions how specific types
of users, such as a service user or a service provider, will interact
with an app from access point through all required activities
[33]. User journey mapping allowed us to identify which
storyboards we should develop to present in UCD workshops
and which user-types we needed to recruit for those workshops.
Storyboards are a tool to visualize app workflows and the user
interface [34]. We developed storyboards to present as
prototypes in UCD workshops so that feedback could modify
the app design before time was invested in coding the alpha
version of the app. The alpha version of the app included core
workflows and was both evaluated internally and presented in
another UCD workshop to gather more feedback before coding
the beta version of the app. The beta version of the app
incorporated remaining feedback from storyboard workshops,
new feedback from the alpha stage, and added the remaining

core functionality that was not in-scope for the alpha version
(eg, reports). The beta version of Beehive was piloted by 3 EPI
programs over 6 months to further refine the app before
launching it across all EPI-CAL programs. We used pilot data
to assess initial use and uptake of Beehive’s beta version.

This UCD approach allowed the EPI-CAL team to receive and
incorporate feedback during conception, design, and testing
phases of eHealth app development, and include multiple
perspectives to facilitate user engagement in eHealth. Notably,
UCD has also been demonstrated to increase eHealth adoption
and user acceptance in research and clinical settings [30,35].

Participant Recruitment

UCD Workshops
For UCD workshops of the Beehive storyboard, we recruited
participants from the following three EPI community partner
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groups: (1) EPI service users, (2) their support persons, and (3)
EPI providers. Eligible participants were (1) actively or formerly
affiliated with an EPI-CAL EPI program, (2) English speaking,
and (3) able to provide written informed consent and assent
(minors or conserved adults). EPI program providers were
recruited through contact with the team lead of the 12 active
EPI-CAL EPI programs. Service users and support person
participants were invited either through EPI program provider
referral or by the research team directly contacting individuals
who had previously consented to be contacted for future research
opportunities.

One EPI-CAL clinic agreed to participate in a workshop for the
alpha version of the app to support the refinement of Beehive
before piloting.

Piloting
In total, 4 EPI-CAL clinics agreed to participate in 6 months of
Beehive beta testing before Beehive’s full launch across the
entire EPI-CAL LHCN. During this period, programs integrated
the Beehive app into standard clinical care. Pilot sites registered
service users who were active in their program at the time of
launching Beehive and new service users who started after the
launch. Each participating program has different acceptance
criteria for service users, and this has been described in a
separate protocol paper for the EPI-CAL study (NCT04007510)
[4]. Service users and support persons were excluded from
piloting if they did not speak English because Beehive beta
version was only available in English. At their first point of
contact with Beehive, service users and primary support persons
completed the Beehive EULA and were asked if they gave
permission for their clinical data collected in Beehive to be used
for research purposes [32]. We trained clinics to involve the
legal guardians of service users aged <18 during EULA
completion, and these service users were required to have a
primary support person registered in Beehive. Individuals could
update their data-sharing permissions at any time.

Methods

User Journey Mapping
The EPI-CAL research team worked collaboratively with the
contracted app developer in the user journey mapping and
storyboard design phases for the Beehive tablet and web apps.
Three primary user groups with distinct roles were identified:
(1) service users or support persons, (2) direct-service providers,
and (3) program administrators. Beehive user journeys were
developed for each group.

For all user groups, user journeys were designed to guide
individuals smoothly through Beehive onboarding and account
creation to the EULA explainer video detailing the types of
information Beehive collects, who can access their data, and
how to select their preferred permissions for who can view their
data [32]. Users then choose their data-sharing permissions.

Beehive then presents service users and support persons with
a series of one-time and longitudinal surveys to measure clinical
outcomes at 6-month intervals. Specific survey items associated
with risk, such as suicidal or homicidal ideation, send real-time
alerts to EPI program providers if they are endorsed by service

users. Beehive creates visualizations of this survey data. While
service users and support persons cannot independently access
survey visualizations, we considered this is as part of their user
journey because it should be shown to them by EPI program
staff as part of regular care.

EPI program provider user journeys were designed to facilitate
easy management of service user records and smooth navigation
to service user data. A dashboard presents the most important
information to users, such as outstanding survey alerts or other
action items. A client list presents all registered service user
records in list format with the most relevant information
displayed. EPI program provider users can click into service
user records to view survey results, survey visualizations, and
complete provider-entered surveys. Providers can display survey
results and survey visualizations as part of ongoing care with
service users and their support persons to facilitate
understanding and coordinate treatment priorities.

Administrator user journeys were designed to promote
clinic-level management tasks, such as Beehive implementation
and quality assurance. Administrator dashboards present
aggregate-level information of survey data and allow for the
ability to compare clinic averages to the average of the EPI-CAL
LHCN. Administrator dashboards also present summaries of
Beehive activity across the clinic. Administrator users can also
download reports, including survey data reports, to use their
clinic data for quality assurance or reporting requirements.

UCD Workshops
Next, the development team created dynamic storyboards of
the above user journeys. These storyboards were presented to
community partners from early psychosis clinics in 90-minute
UCD workshops. Figures 2 and 3 are images from the
storyboards presented to community partners.

In the storyboard workshops, we presented major features of
the app and asked for feedback on the app’s look and feel, as
well as functionality as it related to existing clinical workflow,
and ease of use and acceptability for service users, their support
persons, and EPI program providers. Because we determined 3
user-types during user journey mapping, we held 3 different
types of storyboard workshops tailored to the journeys of these
users: service users or support persons, direct-service providers,
and program administrators. If EPI providers had roles in both
direct-service provision and program administration, they could
attend both groups. UCD workshops were conducted through
videoconferencing to comply with the COVID-19 social
distancing restrictions. Each session was audio recorded and
included 2 facilitators (KEB, LMT, TAN, or SE) and a notetaker
(VLT). There were no other individuals present other than
researchers and participants. The notetaker took detailed notes,
as close to verbatim as possible. Audio recordings were used
as a reference to fix any portions of the notes which were not
clear.

After storyboard workshops, we integrated feedback to make
design changes to the alpha version of the app. During a
90-minute alpha testing workshop, we solicited feedback on
the alpha app, with a special emphasis on how compatible it
was with the existing clinical workflows. We created test
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accounts for each participant and had them complete various
core workflows in the app, such as registering a service user,
completing surveys, and reviewing data visualizations. This
workshop included one facilitator (KEB) and one notetaker

(LS). After the conclusion of all workshops, we continued to
integrate feedback to make design changes in the beta version
of the app.

Figure 2. Survey item in storyboard.

Figure 3. Clinical administrator dashboard in storyboard.
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Piloting
Finally, piloting of the beta version of Beehive was conducted
over a 6-month period with EPI-CAL LHCN programs that
were identified as pilot sites. We provided training to each pilot
site and assigned them a point person from our research team
to provide regular support, troubleshoot implementation
challenges, and escalate app bugs and implementation barriers.
We trained all program staff, regardless of clinical role. The
training series showed users how to complete key Beehive
workflows, introduced the EPI-CAL core assessment battery,
and included activities on how to interpret data visualizations.
We also met with key staff at each program to support them to
devise a plan to integrate Beehive into their existing clinical
workflows, such as how to integrate service user registration
during the clinical intake process. The full description of this
training and support is described in a separate paper [4]. During
this training and support process, we received informal feedback
from program staff about implementation successes and
challenges.

During piloting, programs integrated the Beehive app into
standard clinical care for all service users. Service users and
their support persons were registered in Beehive web app by
staff at their EPI program. Program staff entered the service
users’ treatment start date which was considered the start of the
service users’ baseline window in Beehive. At enrollment,
baseline, and every 6 months thereafter, surveys were assigned
to service users, their support person, and their provider.
One-time surveys assessing lifetime experiences were available
for all respondents at enrollment. Service users had 3 enrollment
surveys, support persons had 1, and clinicians had 1.
Longitudinal surveys were assessed at treatment baseline and
every 6 months thereafter. Service users had 17 longitudinal
surveys, support persons had 6 surveys, and clinicians had 9
surveys. The duration of baseline survey window was 60 days;
the duration of follow-up survey windows was 30 days (15 days
before and after the target completion date). Figure 4 shows a
Beehive training slide with a visualization of survey windows.

Figure 4. Beehive training slide showing survey windows during piloting.

Programs were instructed to enroll all service users, regardless
of how long they had been affiliated with the EPI program.
Therefore, some individuals may have been enrolled in Beehive
after their baseline window had closed, and their first time point
during piloting may have been a 6-month time point or a
12-month time point. Service users and support persons could
access and complete surveys in-person at the clinic on the tablet
app or they could complete them remotely via “web link.” The
“web link” was a unique link that was texted or emailed to them
weekly during survey windows if surveys were not fully
completed. Surveys accessed via web link could be completed
on any personal device that had access to the internet and a web
browser. Service providers completed surveys and could review
data on the web app. Baseline surveys were intended to support
the clinical intake process, including initial assessment and

collaborative treatment planning. Follow-up surveys were
intended to support ongoing assessment, adjustments to
treatment planning, and monitoring of treatment goals.

The EPI-CAL core assessment battery, including how it was
created and all included measures, is described in a separate
paper [4]. Briefly, Beehive survey content includes both the
Early Psychosis Intervention Network core assessment battery
[36] and additional measures based on EPI community partner
feedback determined in earlier qualitative work for the EPI-CAL
study [4,31]. A table of measures is included in the Multimedia
Appendix 1 [4]. One survey of particular interest is the Modified
Colorado Symptom Index (MCSI) [37], a measure central to
the aims of the broader EPI-CAL study and which we asked
sites to prioritize [4]. The MCSI is a 14-item, self-report scale
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which measures the frequency of psychiatric symptoms,
including symptoms of mood, psychosis, cognition,
forgetfulness, and risk to self and others. Respondents indicate
frequency of symptoms over the past 30 days on a 0 to 4 scale
of “not at all” to “at least every day.” Total scores range between
0 and 56, with higher scores indicating higher frequency and
number of psychiatric symptoms.

Data Analysis
In UCD workshops, we asked highly structured questions to
solicit feedback on the storyboard and alpha version of Beehive.
Subsequently, we organized our data categories relevant to the
workflows and features we were evaluating. We then organized
comments by whether they were supportive of the existing
features or critical and asked for change so that we could focus
on what features to move forward and what features to change
as we created the alpha and beta versions of Beehive.

To investigate the initial feasibility of Beehive in EPI-CAL
clinics, we reviewed descriptive statistics of pilot participants,
including registration, enrollment, participant characteristics,
and survey completion. Engagement with surveys and survey
completion were examined in three ways as follows: (1)
determine the proportion of service users for whom any data
were entered, regardless of respondent type, (2) determine the
rate of survey completion across all available surveys, and (3)
evaluate whether participants completed all, partial, or no
surveys across survey time points during piloting phase. Partial
survey completion indicates that the respondent completed at
least 1 survey, but did not complete all of their surveys in the
specified time point. We also evaluated completion of MCSI
because it is a measure that we asked programs to prioritize.

Ethical Considerations
The institutional review board of the University of California,
Davis, approved the study (1403828-21, California Collaborative
Network to Promote Data-Driven Care and Improve Outcomes
in Early Psychosis). In addition, several of the counties and
universities with a program participating in EPI-CAL required
a separate review and approval of the project by their
institutional review board. All study participants provided
written informed consent and assent (as appropriate).
Participants received US $30 compensation for each workshop
they participated in. Participants in the piloting phase were not
compensated because integration of Beehive was part of routine
care in the EPI program. Audio recordings UCD workshops
include voice print identifiers and are stored in compliance with
University of California, Davis HIPAA (Health Insurance
Portability and Accountability Act) policies and procedures.
Data collected during piloting for research includes limited
identifiers including zip code, dates of service, and month and
year of birth. Only trained research staff with a need-to-access
have access to identifiable data.

Results

UCD Workshops
We conducted 14 storyboard workshops with 77 total
participants between April 3, 2020, and August 28, 2020. In
total, 4 workshops were with service users (n=8, 10%) and their
support persons (n=9, 12%). In addition, 10 workshops were
with EPI program providers (n=60, 78%), including 6 for service
providers, 3 for administrators, and 1 for both service providers
and administrators. Demographics for workshop participants
are provided in Table 1.

We completed an interim analysis of storyboard workshop data
in May 2020. We completed the final analysis of workshop data
in August 2020, after all groups were completed. After each
analysis, we discussed and synthesized the feedback for the
developers to support app development. We attempted to balance
the needs of all types of participants. However, if there were
needs or feedback in direct contrast with one another, we
prioritized service-user feedback due to our value of centering
service-user feedback in this app. This feedback and the action
taken to address it are summarized in Table 2.

We conducted 1 alpha workshop in October 2020 with 4 EPI
program provider participants. Feedback from this workshop
was analyzed in October 2020. During this workshop,
participants identified a few bugs in the app, but their feedback
primarily focused on ideas for integrating Beehive into clinical
workflows. For example, they suggested that Beehive training
should include best practices for how providers can review the
data, engage with the data, and make the most out of Beehive.
They also shared concerns about using technology in telehealth
settings. For example, switching to telehealth in response to the
COVID-19 pandemic had been very difficult for some families,
and they predicted those same families would find using Beehive
challenging if the clinic could not meet with them in-person to
teach them how to use it. They were less concerned about
service users and support people using Beehive on a tablet in
the clinic where they could provide in-person support. Finally,
participants brought up the importance of shifting the culture
of clinics to view data collection as an important part of
treatment, not just an extra task where information is being
extracted from service users. For example, surveys should be
directly related to service-user recovery goals. Participants
discussed how visualizations could be used to demonstrate the
clinical utility of gathering these data. For example, 1 clinician
said they would want to use the graphs to point out the way a
service user is improving or doing better and that they would
want to highlight their strengths. Another participant cautioned
that some service users may not want to look at data
visualizations and that this should be an optional part of their
care. Figures 5 and 6 illustrate design changes present in the
beta version of app after the conclusion of all workshops.
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Table 1. Demographics of user-centered design workshopsa.

EPIb program providers (n=60)Support persons (n=9)Service users (n=8)

Clinic type, n (%)

30 (50)6 (67)7 (88)Medi-Cal

30 (50)<5 (<55)<5 (<63)Private insurance

36.25 (26-50)41.50 (14-60)22.50 (16-33)Age (y), mean (range)

Sex at birth, n (%)

43 (72)8 (89)<5 (<63)Female

17 (28)<5 (<55)6 (75)Male

Gender, n (%)

43 (72)8 (89)<5 (<63)Female

16 (27)<5 (<55)6 (75)Male

——c<5 (<63)Nonbinary

<5 (<8)——Missing

Race, n (%)

5 (8)—<5 (<63)African or African American or Black

6 (10)——Asian

33 (55)6 (67)<5 (<63)White or Caucasian

10 (17)<5 (<55)<5 (<63)Other

<5 (<8)<5 (<55)<5 (<63)More than one

<5 (<8)<5 (<55)—Missing

Ethnicity, n (%)

26 (43)5 (56)<5 (<63)Latinx

33 (55)<5 (<55)5 (63)Not Latinx

<5 (<8)——Missing

Sexual orientation, n (%)

5 (8)—<5 (<63)Bisexual or gay or lesbian

54 (90)9 (100)5 (63)Heterosexual

<5 (<8)—<5 (<63)Other

aCells with fewer than 5 individuals are masked to protect the identity of participants.
bEPI: early psychosis intervention.
cNot available.
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Table 2. Implementation of feedback from user-centered design workshops.

Solution implemented in alpha versionProblem or need identified in workshop

Brought in more color into the palette and added icons for visual informationThe color scheme and layout seemed “overly clinical”

Changed color and design to make it more prominentSome important aspects of the user-interface were too subtle, such as
the survey progress bar or the urgent clinical issues widget

Added this workflow to the web app so that EPI program providers may
complete it in advance of service users engaging with surveys

Service-user and support person registration were only available as
self-registration and could not be completed by EPI program providers

Added clinic-level visualizations for race, ethnicity, sex, gender identity, and
other demographic metrics

Clinic-level data for service-user demographics was not visualized

Added a toggle to individual-level visualizations so that users can turn on
the threshold information or comparative data if they want to see it, or turn
it off if they do not want to see it

Not all service users or support persons wanted to see score thresholds
or comparative data on clinical measures, but some did

Added feature that allows users to set which measure displays by default for
each service user

Service users might have differed on which individual-level survey
visualization they wanted to see by default on their data view page

Changed “homeless” to “without a permanent address” when assessing
housing status; changed “help” to “Ask for help” to make it clearer that se-
lecting button will alert the EPI program provider; changed “Diagnosis” to
“Primary diagnosis”

Some language used in the app needed to be clarified for users to un-
derstand what data was being collected or how certain features worked

Wherever possible, implemented dynamic text so the service user’s preferred
name shows throughout the app, rather than any specific word to denote
“service user”

Different programs used different words to refer to service users, and
individuals might have varied on their preference for what word to use
regardless of what their program tended to use

Added in visual indicator to show survey completion across multiple surveys
(not just while completing one individual survey)

Program staff wanted to see overall progress on completion of all sur-
veys at any given time point

Added in a visualization that shows individual items as well as the global
score

When visualizing a survey, they wanted to have more than just the
global score visualized. Also, they wanted a visualization that showed
responses to individual items

Added the ability to enter a display name for surveys (eg, “Family Impact”
instead of “Burden Assessment Scale”)

Service users and support persons might not have preferred the official
names for measures and might have preferred a more simplified title

Added a hover modal on survey titles to show the display name for the surveyEarly psychosis intervention program providers needed a way to see
both the official measure name as well as the display name

Design a web link solution which allows service users and support persons
to answer surveys remotely. A link to complete their surveys can be emailed
or texted to them

The provision of clinic services might have been fully remote for the
foreseeable future, and the current design of Beehive only allowed
service users and support persons to complete surveys on a tablet in-
person at the clinic
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Figure 5. Survey item in beta.

Figure 6. Clinical administrator dashboard in beta.
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Piloting
We conducted piloting of Beehive beta app between March
2021 and September 2021. Our training and ongoing support
of pilot sites allowed us to gather informal feedback about both
the training and the Beehive app. We used this feedback to make
adjustments in real time, when possible, or to plan for future
changes to Beehive.

We made real-time changes to the training approach in response
to program needs based on our observations and their feedback.
At the time of training pilot sites in early 2021, these EPI
programs were navigating constant uncertainty related to the
COVID-19 pandemic, including influx of service users,
uncertainty about work location, reduced workforce, etc. In
response to this environment, we found it necessary to ask sites
to focus on small implementation steps even though we trained
them on all available workflows. For example, we asked pilot
sites to initially focus on engaging service users and their
support persons to complete enrollment and complete surveys.
When that was mastered, we asked them to focus on engaging
new service users and support persons with Beehive during their
clinical intake process. Finally, toward the end of the piloting
period, we encouraged them to focus on entering EPI program
provider-entered data. Even if pilot sites registered existing
service users, they were asked to set the service user’s survey
baseline date to align with their start in the EPI program.
Therefore, some service users may have never been assigned
surveys during their baseline survey window.

During the piloting phase, 93 service users, 78 support persons,
and 86 service providers were registered across 4 clinics. Of
the 93 service users who were registered into Beehive by their
program, 59 (63%) completed the Beehive EULA during
piloting, including 48 (51%) individuals who gave permission
to use their data for research. Of the 78 support persons
registered to a service user in Beehive, 52 (66%) completed the
Beehive EULA, including 42 (54%) individuals who gave
permission to use their data for research. Of these 42 support
persons, 5 were excluded from analysis because the service user
they were registered with did not give permission to use data
in research, and we prioritize the data-sharing decision of the
service user regarding use of collateral data for research
purposes.

While most users entered at least one survey window during
the piloting phase, 3 were discharged from their program before
longitudinal surveys were available. Of the 86 service providers
registered, 78 (91%) completed the Beehive EULA, including
72 (84%) individuals who gave permission to use their data for
research. This information is presented in Figure 7.

Participant demographics and EPI program provider professional
background are provided for individuals who agreed to share

their data for research purposes in Tables 3 and 4. Of note, age
is missing for some EPI program providers and support persons.
This data was collected during registration, and this field was
not included in the first release of the beta version of the app.
Therefore, some users were not able to complete this field during
registration and did not return later to update it, yielding missing
data for 15 (36%) support persons and 37 (51%) EPI program
providers.

First, to examine engagement during piloting, we assessed the
number of service users that had entered any data that could be
used in care. During piloting, respondents entered survey data
for 85% (n=41) of service users. This includes self-reported
data for 75% (n=36), collateral-reported data for 42% (n=20),
and EPI program provider–entered data for 17% (n=8).

Second, we evaluated survey completion across the total amount
of available surveys. A total of 1517 surveys were assigned
across all respondent types during piloting and 35.4% (n=537)
of those surveys were completed across all time points. We also
evaluated survey completion by respondent type. Across all
time points, service users completed 396 (49.4%) of 802
assigned surveys. Support persons completed 113 (47.5%) of
238 assigned surveys. EPI program providers completed 28
(5.9%) of 477 assigned surveys.

Finally, we evaluated how many respondents completed all,
partial, or no surveys at each time point. Because participants
could be enrolled at any point in treatment, the first time point
for a service user may not have been their “baseline”
appointment. These data are presented in Table 5.

The MCSI was completed by 54% (26) of service users, and 7
were excluded for responses of “prefer not to say” (Total Score:
mean 19.58, SD 16.81). Additionally, 35 service users had a
support person who could complete the Modified Colorado
Symptom Index, and 56% (n=19) of support persons completed
it. From these 19, 5 were excluded for responses of “prefer not
to say” (mean 26.71, SD 14.43).

Through piloting, we also gathered informal feedback about
workflows that could be improved in Beehive and that we would
address with future change orders to the app after the testing of
the beta version of Beehive. For example, we received feedback
that the survey windows, initially chosen to mirror the data
collection windows of clinical trials, were far too narrow and
restrictive for data collection in community mental health
programs. Program staff users also indicated that they wanted
a better way of seeing a summary of what surveys service users
and support persons completed. Service user and support person
feedback was relayed to our team via program staff. For
example, service users and support persons wanted to customize
the day and time they received the web link via SMS text
messaging and email.
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Figure 7. Registration and enrollment during Beehive piloting.
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Table 3. Demographics of Beehive pilot participantsa.

EPIb program providers (n=72)Support persons (n=42)Service users (n=48)

33.89 (22-50)d44.11 (31-61)c18.88 (12-31)Age (y), mean (range)

Sex at birth, n (%)

30 (42)21 (70)24 (50)Female

5 (7)6 (20)24 (50)Male

—<5 (<12)—ePrefer not to say

37 (51)——Missing

Gender, n (%)

30 (42)21 (70)18 (38)Female

5 (7)6 (20)22 (46)Male

——<5 (<10)Nonbinary

——<5 (<10)Questioning or unsure of gender identity

37 (51)<5 (<12)<5 (<10)Prefer not to say

Race, n (%)

5 (7)7 (17)15 (31)African or African American or Black

——<5 (<10)American Indian or Alaskan native

8 (11)<5 (<12)<5 (<10)Asian

19 (26)<5 (<12)10 (21)Hispanic or Latinx only

33 (46)10 (24)10 (21)White or Caucasian

5 (7)<5 (<12)8 (17)More than one race

<5 (<7)——Other

—<5 (<12)<5 (<10)Prefer not to say

—<5 (<12)—Unsure

<5 (<7)12 (29)—Missing

Ethnicity, n (%)

41 (57)17 (40)27 (56)No—I do not identify as Hispanic or Latinx

28 (39)5 (12)14 (29)Yes—I identify as Hispanic or Latinx

—5 (12)5 (10)Unsure or do not know

<5 (<7)<5 (<12)<5 (<10)Prefer not to say

<5 (<7)12 (29)—Missing

Service user diagnosis, n (%)

———Clinical high risk

——6 (13)Attenuated psychosis symptoms

———First episode psychosis

——<5 (<10)Substance induced psychotic disorder with onset
during intoxication

——9 (19)Mood disorders with psychotic features

——10 (21)Schizoaffective disorder

(bipolar or depressive type combined)

——5 (10)Schizophrenia

——<5 (<10)Other specified schizophrenia spectrum disorder

——<5 (<10)Unspecified psychosis

——7 (15)Other first episode psychosis
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EPIb program providers (n=72)Support persons (n=42)Service users (n=48)

———Clinical high risk or first episode psychosis status
not confirmed

——<5 (<10)Anxiety disorders

Number of support persons registered in Beehive, n (%)

——14 (29)None

——29 (60)1

——5 (10)2

Relationship of support persons with service user, n (%)

—5 (12)—Parent (adoptive)

—34 (81)—Parent (biological)

—<5 (<12)—Stepparent

—<5 (<12)—Spouse or partner

—<5 (<12)—Sibling

aCells with less than 5 individuals are masked to protect the identity of participants.
bEPI: early psychosis intervention.
cData missing for 15 individuals.
dData missing for 37 individuals.
eNot available.
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Table 4. Professional background of early psychosis intervention program providers registered during Beehive pilot (N=72)a.

Values, n (%)Background

Education level

7 (10)HSb diploma or GEDc

<5 (<7)Associate’s degree

16 (22)BAd or BSe

18 (25)MAf or MSg

7 (10)MFTh

<5 (<7)MSWi

5 (7)PsyDj

6 (8)PhDk

9 (13)MDl

Professional role

<5 (<7)Administrative support staff

<5 (<7)Case manager or recovery coach

6 (8)Clinic coordinator

<5 (<7)Clinical supervisor or team lead

30 (42)Clinician or therapist

<5 (<7)Family advocate

<5 (<7)Peer support specialist

9 (13)Prescriber or psychiatrist or Other medical personnel

<5 (<7)Program director

<5 (<7)Research staff

<5 (<7)Supported education and employment specialist

7 (10)Other

Licensure status

49 (68)Unlicensed

23 (32)Licensed

Years licensed (n=23)

8 (38)≤1

7 (33)1 to 6

6 (29)≥7

Number of languages in which services are provided

47 (65)1

18 (25)2

7 (10)Missing

Languages for service provisionm

60 (92)English

18 (25)Spanish

<5 (<7)Arabic

<5 (<7)Hmong

<5 (<7)Tagalog
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Values, n (%)Background

<5 (<7)Other

aCells with less than 5 individuals are masked to protect identity of participants.
bHS: high school.
cGED: general educational development.
dBA: Bachelor of Arts.
eBS: Bachelor of Science.
fMA: Master of Arts.
gMS: Master of Science.
hMFT: Master of Marriage and Family Therapy.
iMSW: Master of Social Work.
jPsyD: Doctor of Psychology.
kPhD: Doctor of Philosophy.
lMD: Doctor of Medicine.
mRespondents could select more than one response, so percentages will be greater than 100%.

Table 5. Survey completion by respondent typea.

EPIb program providers, n (%)Support persons, n (%)Service users, n (%)

Survey completion at enrollmentc

10 (21)17 (50)30 (63)All

——d5 (10)Partial

38 (79)17 (50)13 (27)None

Survey completion at first time pointe

—17 (55)18 (40)All

4 (9)3 (10)8 (18)Partial

41 (91)13 (42)19 (42)None

Survey completion at second time pointf

——1 (33)All

———Partial

3 (100)2 (100)2 (67)None

aPartial survey completion indicates that respondents completed at least one survey, but did not complete all assigned surveys.
bEPI: early psychosis intervention.
cTotal respondents for service users, n=48; support persons, n=34; and service providers, n=48.
dNot available.
eTotal respondents for service users, n=45; support persons, n=31; and service providers, n=45.
fTotal respondents for service users, n=3; support persons, n=2; and service providers, n=3.

Discussion

Principal Findings
This study describes the EPI-CAL program’s design and
acceptability testing approach for a custom web-based and tablet
app, Beehive, to support systematic data collection, care
delivery, program evaluation, and research across a statewide
network of EPI programs. Our goal was to develop an app that
was clinically useful for, usable by, and acceptable to diverse
EPI programs across the state of California.

To ensure the app best matched the needs of the EPI participants,
we adopted a UCD approach to develop Beehive. Previous

research in the mental health digital space supports that active
involvement from the app’s intended users during the
development phase can improve the appropriateness of the end
product for the users of interest [38]. Initial feedback across the
3 development phases was primarily collected in workshops
(storyboard and alpha version) and during pilot implementation
(beta version). In storyboard and alpha workshops, we presented
prototypes to demonstrate major features of the app and asked
for feedback on the app’s “look and feel,” compatibility with
existing clinical workflow, and ease of use and acceptability
for service users, their support persons, and EPI program
providers. Consistent with other studies who have included end
users during the design phase of their eHealth apps [38-41],
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feedback from these workshops resulted in immediate changes
to the alpha and beta apps that would not have otherwise been
made.

During piloting, we continued to collect user feedback around
Beehive features, as well as assess acceptability of the app by
examining preliminary enrollment and survey completion. Our
enrollment and survey completion rates are consistent with the
acceptability of other mental health apps developed using a
UCD approach [42,43], although there is wide variability
depending on the implementation approach.

During the design and testing phase, we observed that different
types of community partners expressed different, and at times
conflicting, needs. For example, we asked participants about
their preferences for seeing score thresholds or comparative
data as part of the visualization for their clinical measures. Some
service users said that, in times of relapse or increasing intensity
of symptoms, additional information on the visualization would
be demoralizing. In contrast, many participants could imagine
scenarios where that information would be useful as a form of
psychoeducation to normalize service-user experiences or
understand the relative severity of symptoms. To address these
diverse needs and promote engagement with Beehive we added
a toggle to individual-level visualizations so that users can turn
the threshold information or comparative data on or off. A
flexible design approach that is tailored to an individual’s needs
has been shown to be more efficacious in a mobile health app
setting [43,44]. Therefore, design changes incorporated
flexibility where possible to enable our team to meet the various
needs of individuals while maintaining consistent
implementation to meet evaluation and research goals.

Similarly, user feedback informed our training approach. For
example, some EPI program provider users expressed that they
would use the graphs in the app in clinical care with service
users to highlight strengths and progress. In contrast, another
EPI program provider participant cautioned that some service
users may not want to look at data visualizations and that this
should be an optional part of their care. Thus, our training
approach highlights how visualizations may be used in direct
care but are not prescriptive. Feedback from workshop
participants also highlighted the importance of shifting clinic
culture to view data collection as a key part of care provision.
Our team considers EPI program providers to be integral in
promoting engagement for service users and their support
persons as it is the EPI program providers who communicate
why Beehive is being used in care. To begin addressing potential
barriers of buy-in and engagement for all users, we designed
our trainings to include the context of why Beehive and MBC
were being implemented in their programs, including a
presentation on the potential value of Beehive (designed and
delivered by author LS) [45].

During piloting, we observed barriers to integration. For
example, despite our designing the first training such that the
programs could start registering service users immediately
afterward, the programs failed to do so. When asked, programs
informed us that they were nervous to receive questions about
Beehive that they did not know how to answer. This resulted
in our team creating materials to provide more structure for

programs as they introduced Beehive to service users, such as
an introduction script, Beehive infographics, and other handouts.
Once programs started enrolling existing service users, many
found it difficult to transition enrolling new service users, given
that they already had numerous documentation requirements
during their clinical intake process. In response, we added a
“workflow meeting” to our training series where we asked
program leadership and key staff involved in intakes to walk
us through their existing procedures so that we could help
brainstorm where the required Beehive workflow steps could
be implemented and who from their program would be
responsible for each step. We additionally observed that
clinician-entered data were hard for sites to prioritize. For
example, there was a lack of clarity within teams about who
was responsible for entering these data and what training was
required. Therefore, we chose to add another “workflow
meeting” between key program staff and our team to help
programs identify who was responsible for which surveys, who
needed training, and how programs could monitor survey
completion. We added these workflow meetings to our formal
training protocol and made the support materials available to
all sites who joined after the piloting phase.

Furthermore, our team worked with programs beyond the
piloting phase to ensure that we continued to incorporate
individual feedback and offer continuous support, which is key
to successful adoption and can improve engagement [46]. After
the piloting of the beta version of Beehive concluded, we
continued to make development changes to meet users’ needs,
such as further design changes to the admin dashboard, widening
survey completion windows, adjusting and eventually allowing
customization of the frequency and timing of web link
notifications, allowing the EULA to be completed before survey
baseline date, simplifying registration fields, adding a survey
status page, adding additional survey visualizations, adding a
workflow for providers to enter data collected outside of
Beehive, and prioritizing the order of additional languages in
the app based on active need in the participating clinics. This
iterative approach in response to user feedback is consistent
with the development process of other eHealth apps [47].

This study highlights how critical it is for programs using a
continuous improvement approach, such as UCD, to budget
appropriately for ongoing development needs and staff time for
ongoing support. As long as an app is in use and collecting data
from real users, there should be a plan for ongoing project
management and app development to address feedback from
users, improve engagement and useability, and respond to
changing needs. Implementing UCD from the outset allowed
our team to be aware of and address user concerns before
investing valuable time and resources in initial development
and implementation. Focusing on workflow during the
storyboard and alpha phases of app and continuing this
collaborative relationship throughout the implementation phase
resulted in an app that represents the interests and needs of users.

During the piloting, we observed that survey completion rates
varied among different types of users. This variance may be
partially explained by our training approach during piloting (see
the Results section). As we continue to collect data after the
piloting phase, we can evaluate if this trend continues beyond
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the initial onboarding period throughout multiple years of data
collection. These varied results may also reflect the challenges
of implementing MBC, with or without an eHealth app, such
as the training burden and limited time to conduct new duties
associated with eHealth implementation [24-26,31]. When
implementing outcomes data collection in these settings, it may
be critical to gather only the minimum required data from EPI
program providers (eg, diagnosis) and rely on service-user
self-report measures whenever possible. Future analyses will
examine the relationship between characteristics of EPI program
providers (eg, degree and years licensed) and completion rates
of clinician-entered data. Future work, including barriers and
facilitators interviews with users after they gain more experience
using Beehive, will be used to prioritize the needs and
perspectives of our users in the ongoing development of Beehive
and to better understand the reasons why users do or do not
engage with the app [48].

Limitations
The COVID-19 pandemic introduced multiple challenges for
our study, which may have reduced the breadth and diversity
of participation in various phases of the project. We offered
workshops over remote teleconferencing instead of in-person,
which may have excluded individuals who are less comfortable
with using technology. This may have disproportionately
impacted on the recruitment of service users and support persons
for participation in workgroups, as our participant numbers were
lower than previous studies where we were conducting in-person
research [31]. To reduce bias that may have resulted from this
imbalance, we chose to prioritize the feedback of service users
and support persons if there was conflicting feedback between
these participants and EPI program provider participants. In
addition, the beta and full versions of Beehive have been
introduced to all service users in participating programs,
regardless of their comfort with technology, and this has allowed
us to incorporate informal feedback from these individuals as
we have continued to make improvements to Beehive.

Much of our data in UCD workshops were gathered at the start
of the COVID-19 pandemic, before anyone had experienced
the long-term shift in daily practices brought on by the increased
use of telehealth and remote working. We sought feedback on

an app that was intended for in-person use and received feedback
based on participants’ experience of using in-person services.
This highlights the importance of planning multiple
opportunities for soliciting and incorporating feedback from
sites so that apps can be responsive to changing environments.

Our workshops and piloting were only conducted in English.
To serve the diverse population of California, Beehive needs
to be both translated and adapted, a process known as
localization [49], into at least 15 languages. Since Beehive’s
launch, we have localized into 7 additional languages. We
continue to solicit feedback from users, including those whose
primary language is not English, to inform the ongoing
development of Beehive, and we will continue localize this app
into additional languages.

While we used our prior knowledge of mental health
development in the development of Beehive [11,12], we did
not use a structured analysis approach for the feedback obtained
during workshops due to time constraints imposed by project
deliverables. To reduce the impact of subjective biases, the
researchers who conducted each group debriefed afterward to
review the notes, and recordings were referenced if notes were
unclear or vague. In addition, all decisions about how to
incorporate feedback from these notes into app development
were made collaboratively by authors KEB, LMT, TAN, and
VLT. Future work in this area will benefit from organized
approaches to data collection and formal qualitative analysis
[50,51].

Conclusions
Working with community partners to co-design an eHealth app
for use in community EPI programs helped us to anticipate and
resolve barriers earlier in the app development and
implementation pipeline. On the basis of our observation and
the data, there appeared to be high levels of engagement with
Beehive. This resulted in feedback and continued design
improvements which allowed our team to be better poised to
launch Beehive across the EPI-CAL LHCN. Variance in survey
completion rates among respondent types suggests that support
persons and EPI program providers especially may need
additional support.
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Abstract

Background: The growth of aging populations globally has increased the demand for new models of care. At-home, computerized
health care monitoring is a growing paradigm, which explores the possibility of reducing workloads, lowering the demand for
resource-intensive secondary care, and providing more precise and personalized care. Despite the potential societal benefit of
autonomous monitoring systems when implemented properly, uptake in health care institutions is slow, and a great volume of
research across disciplines encounters similar common barriers to real-world implementation.

Objective: The goal of this systematic review was to construct an evaluation framework that can assess research in terms of
how well it addresses already identified barriers to application and then use that framework to analyze the literature across
disciplines and identify trends between multidisciplinarity and the likelihood of research being developed robustly.

Methods: This paper introduces a scoring framework for evaluating how well individual pieces of research address key
development considerations using 10 identified common barriers to uptake found during meta-review from different disciplines
across the domain of health care monitoring. A scoping review is then conducted using this framework to identify the impact that
multidisciplinarity involvement has on the effective development of new monitoring technologies. Specifically, we use this
framework to measure the relationship between the use of multidisciplinarity in research and the likelihood that a piece of research
will be developed in a way that gives it genuine practical application.

Results: We show that viewpoints of multidisciplinarity; namely across computer science and medicine alongside public and
patient involvement (PPI) have a significant positive impact in addressing commonly encountered barriers to application research
and development according to the evaluation criteria. Using our evaluation metric, multidisciplinary teams score on average
54.3% compared with 35% for teams made up of medical experts and social scientists, and 2.68 for technical-based teams,
encompassing computer science and engineering. Also identified is the significant effect that involving either caregivers or end
users in the research in a co-design or PPI-based capacity has on the evaluation score (29.3% without any input and between
48.3% and 36.7% for end user or caregiver input respectively, on average).

Conclusions: This review recommends that, to limit the volume of novel research arbitrarily re-encountering the same issues
in the limitations of their work and hence improve the efficiency and effectiveness of research, multidisciplinarity should be
promoted as a priority to accelerate the rate of advancement in this field and encourage the development of more technology in
this domain that can be of tangible societal benefit.

(JMIR Hum Factors 2025;12:e59458)   doi:10.2196/59458

KEYWORDS

multi-disciplinarity; gait assessment; machine learning; at-home health monitoring; older adults; elderly; artificial intelligence;
AI; gait; development; health monitoring; monitoring; systematic review; monitoring system; barriers; caregiver; efficiency;
effectiveness

Introduction

Background
With the general increase in global life expectancy and the
ever-increasing ratio of retirement-age to working-age people,
research in the scope of health and social care for older people

is greatly increasing. As people live longer and the aging
population grows, governments and international organizations
are recognizing the need for a paradigm shift in the way we care
for our older populations [1]. Current methods of care typically
include a social care system to look after the most vulnerable
and frail older adults, but as the size of this population increases
at a faster rate than the working population, these institutional
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models of care at the country level become progressively less
practical and more costly. In response to this growing crisis,
one solution researchers have sought to apply is the use of novel
health monitoring technologies to tackle the problem of labor
shortages in health care systems and to improve productivity
and efficiency in care [2-11]. This can be in direct terms, for
example monitoring systems that assist care professionals
carrying out their duties within care settings [12] and also
indirectly with at-home monitoring devices designed to reduce
the occurrence of injuries by, for example, assessing gait [13,14]
and predicting fall events [3,15], with the goal of reducing the
potential burden on secondary care and ultimately reducing the
burden on the care-home sector and keeping people at home,
healthy, and independent for longer [9,16,17].

Research Hypothesis and Goals
The goals of this work can be summarized by the following 2
research questions:

1. Can we construct an evaluation framework for at-home
health monitoring research and justify that a positive score
in said framework broadly correlates with a higher
likelihood of the research being effective in real-world use?

2. Can we identify the trends if they exist, between the method
of research (single-discipline, multidiscipline, and the use
of PPI or co-design) and the increase or decrease in
effectiveness of said research?

In the context of this paper, “effective research” can be defined
as research that is more efficient by being less prone to making
oversights already identified in the existing literature across
disciplines. We assert that research that addresses the already
existing issues in the literature (and thereby scoring highly on
our proposed metric) leads to more effective research and
ultimately leads to products and platforms more likely to be
usable in real-life applications (refer to the Evaluation
Framework Justification in the Methods section for evidence
of this).

To answer the research questions, this work is split into 2 phases,
a scoping phase and evaluation phase. In the scoping phase, an
overview is provided of the various systematic reviews across
disciplines in the field of at-home health care monitoring for
older adults. In doing this, we synthesize an evaluation
framework based on the consensus and concatenation of these
studies to measure the degree to which individual pieces of
research encounter similar common problems. By defining this
framework, observations can be made about the degree to which
these problems are acknowledged by different types of research
teams operating with or without multidisciplinarity, which types
of issues are likely to be identified by which types of research,
and how stakeholder involvement can improve the likelihood
of developing an effective product. To justify this evaluation
criteria and to address the first research question, examples of
existing technologies in commercial use are positively evaluated
by this approach to assert the positive relationship between a
high evaluation score and the generation of more effective
research, considerate to existing identified issues with real-world
use (refer to the Methods section). To our knowledge, there is
currently no evaluation methodology designed to measure

research application effectiveness, based on multidisciplinary
metrics.

In the evaluation phase. a review of individual works in the
application of computerized at-home health-monitoring systems
is then presented, with these works evaluated against the metric
developed in the scoping phase, and with the results analyzed
to address the second research question (refer to the Results
section). For this evaluation phase, a total of 350 papers were
found from the IEEE Explore, PubMed, and ArXiv databases,
of which 60 papers were ultimately used, with the inclusion
constraints being that the papers had to be individual pieces of
original research relating either to the development of
technology associated with the various applications of at-home
older adult health monitoring or a review into the effectiveness
of existing at-home health monitoring applications. This is
including, but not limited to, development and deployment of
disease diagnosis and progression analysis, fall detection and
prevention, lifestyle monitoring, vital-sign monitoring, and
smart-home systems. Candidate papers must present methods
that have the prospect of or are already actively being tested in
an at-home environment in whole or in part.

For this evaluation phase, a total of 350 papers were found from
the IEEE Explore, PubMed, and ArXiv databases, of which 60
papers were ultimately used, with the inclusion constraints being
that the papers had to be individual pieces of original research
relating either to the development of technology associated with
the various applications of at-home older adult health monitoring
or a review into the effectiveness of existing at-home health
monitoring applications. This is including but not limited to the
development and deployment of disease diagnosis and
progression analysis, fall detection and prevention, lifestyle
monitoring, vital-sign monitoring, and smart-home systems.
Candidate papers must present methods that have the prospect
of or are already actively being tested in an at-home environment
in whole or in part.

The Methods section contains the scoping phase and provides
an overview of the literature in health monitoring technologies,
constructing from them a concise evaluation framework in the
form of a 10-point checklist criteria for research application
effectiveness, based on consensus drawn from these works. The
Results section presents the evaluation phase, reviewing
individual pieces of research across disciplines using this
evaluation framework. The interaction between
multidisciplinarity and stakeholder involvement through PPI
and co-design and the effectiveness of research are also analyzed
here. Finally, the Discussion section summarizes the findings
of this research and makes recommendations for how future
health monitoring research should be conducted in order to
improve the effectiveness of research in this field.

Research Contributions
The contributions of this paper can be summarized as follows:
:

1. A review of the recent literature of at-home health care
monitoring. This is achieved by providing a 2-stage review
of the literature, with the first (scoping phase) being a
meta-review of reviews in the relevant literature, and the
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second (evaluation phase) being a review of individual
works across multiple disciplines in the area of at-home
health monitoring.

2. The introduction of a comprehensive evaluation framework
for assessing the likely real-world effectiveness of health
monitoring application research, based on 10 key issues
consistently identified from analysis of 15 literature reviews
in the field across disciplines.

3. The identification and demonstration of various links
between the manner of research and the effectiveness of
research. We find that multidisciplinarity has a consistently
positive effect in this respect, reflected by higher scores on
the evaluation framework. We also find a convincing
increase in scores when PPI and co-design methods are
used.

The goal of this research is to concretely illustrate the necessity
of multidisciplinarity for the success of at-home medical
technology development and deployment and provide a
framework for future research to reference when assessing the
usefulness of their own applications.

Methods

Scoping Phase: Overview of at-Home
Health-Monitoring in Older Adults
To identify the most common barriers to uptake in this field,
an overview of 12 systematic and other review papers from
2014 onwards was conducted to identify and collate the common
issues within some of the common subdisciplines of at-home
health care monitoring: encompassing any autonomous
monitoring methods used in a domestic context such as
camera-based applications, wearable sensors, remote sensors,
and ensemble smart-home systems. Table 1 provides a concise
summary of the main reviews investigated, and the presence of
each of the commonly identified barriers among them. Broken
down in Table 1 are the makeup of the teams involved in the
research, multidisciplinary, technical, or application-based. In
the context of this work, “Technical” concerns research
conducted by engineering or computer science teams, with
“Application” making up all other types of research team, but
predominantly teams in the fields of medicine and social science.
In total, 10 core barriers are identified across these reviews and
synthesized to be inclusive of all the barriers identified in all
the systematic reviews evaluated in this section. An exact
breakdown of the presence or absence of the 10 points in each
review is available in the supplementary materials (refer Table
S1 in Multimedia Appendix 1).
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Table . Overview of systematic reviews and their evaluation score according to the evaluation metric.

Score (%)Research teamDescriptionPaper title and reference

50MultidisciplinaryOverview of opinions of older adults
regarding concerns with ambient
assisted living technologies.

Are Active and Assisted Living ap-
plications addressing the main accep-
tance concerns of their beneficia-
ries? [18]

30MultidisciplinaryReview of older adults in focus
groups for a variety of smart home
applications.

A critical review of smart residential
environments for older adults with
a focus on pleasurable experience
[5]

70ApplicationInvestigation of the abilities of vari-
ous smart-home technologies,
alongside feasibility and technical
limitations.

Smart homes and home health
monitoring technologies for older
adults:

A systematic review [6]

50ApplicationReview of smart home environ-
ments, specifically on existing study
design limitations alongside techni-
cal limitations.

Health Monitoring Using Smart
Home Technologies: Scoping Re-
view [8]

60ApplicationSeries of 5 focus groups of older
adults attempting to build consensus
on the concerns of smart home im-
plementations.

Older persons have ambivalent
feelings about the use of monitoring
technologies [2]

40ApplicationSystematic review of focus group-
based studies to build consensus on
the main factors hindering at home
uptake.

Older adults’ perceptions of tech-
nologies aimed at falls prevention
[3]

40TechnicalOverview of 4 main sensor-based
monitoring technologies including
relative benefits and drawbacks.

Unobtrusive sensing and wearable
devices for health informatics [11]

40TechnicalOverview of specifically wearable
health monitoring technologies,
mostly centered on technical bene-
fits and limitations regarding data.

Wearable sensors for remote health
monitoring [7]

20TechnicalOverview of smart home. Applica-
tions with a focus on perceived
“unobtrusive” applications.

Unobtrusive health monitoring in
private spaces: The smart home [10]

0TechnicalOverview of gait assessment moni-
toring for age-related disease detec-
tion using a variety of classical and

MLa-powered monitoring technolo-
gy.

Detection and assessment of
Parkinson’s disease based on gait
analysis:

A survey [14]

20TechnicalOverview of classical and deep
learning-based AI applications in
primarily at-home patient monitor-
ing.

Remote patient monitoring using

AIb [9]

70MultidisciplinaryOverview of smart home. Applica-
tions with a focus on discovering
the key factors behind the success
or failure of med-tech applications.

Factors Determining the Success
and Failure of eHealth Interventions
[16]

aML: machine learning.
bAI: artificial intelligence.

“Research Team” denotes whether the teams conducting the
research were technical or medical-based. See further in this
section for a breakdown of the 10 common identified points
and refer to the supplementary material for a specific breakdown
of which barriers are present in each. The score value was
computed by aggregating which of the 10 features were
addressed in each review. Beyond these key reviews from which

the evaluation framework was constructed, there are numerous
other reviews and surveys whose findings are inclusive of the
framework outlined at the end of this section (refer to Table S2
in Multimedia Appendix 1 for a full breakdown of the 13
reviews). Only the core 12 are included here for brevity, with
these 12 being selected as they encompass all of the core
at-home health care methodologies, include examples of all 10
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key points that make up the framework, and represent a roughly
equal variety of research teams, namely multidisciplinary teams

(n=3), computer science (n=3) engineering (n=2), medical (n=2),
and social science (n=2).

Table . Scoring of 2 current at-home monitoring projects being developed with the intention of widespread use. The factors are numbered corresponding
to the attribute list given in the attribute list above. Y or N indicates "yes" or "no" as to the presence of the factors.

Factors (Y or N)Descrip-
tion

Project

Name

10987654321

YNcYYYYYYYYbSmart-
home sys-
tem for
behavior
monitor-
ing, under
develop-
ment for
several
years and
the feature
of multi-
ple re-
search
studies.

SPHEREa

[19-21]

YNNYYYNYYYInternet of
things-
based
Smart-
home de-
velopment
project
currently
in com-
mercial
develop-
ment.

HAL-

LEYd

[22]

a SPHERE is a multi-year smart-home development project based in England which has been involved both in commercial smart-home production as
well as research.
b Y: yes.
c N: no.
d HALLEYASSIST is a company based in Australia involved in developing multiple healthcare monitoring devices for a smart home context.

The study by Ghorayeb et al [23] presents a number of insights
in their review of the literature regarding older adults using
smart-homes, such as identifying solutions to the problems in
most research applications. For example, they assert that gradual
introduction of smart-home technology combined with the
ability to “pause” it at will to provide “emotional release” is
highly desired in end users for a more pleasant experience. They
also find that more tech-literate people tend to have less
concerns with the technology due to an improved understanding
of the data being collected and the privacy risks involved, if
any. One other concern identified was transmission of data and
the insecurities associated with this, leaning to a user-preference
that data should be handled manually instead of through remote
connection. These findings are all further reinforced by the
findings in [24], which similarly conduct interview sessions
with 20 older adults regarding which aspects of
health-monitoring systems concern them. These findings inform
points 4 and 5 in the evaluation metric, defined in Methods
section.

Regarding data access, the study by Robinson et al [25] finds
that older adults could in some cases want control of data access
to withhold the data from certain parties, namely their family
and friends, for fear of burdening them as well as the parallel
desire some express that they do not want to be micromanaged
by their loved ones or health care providers, informing points
6 and 8 of the framework. Cost was also an identified challenge
(informing point 3), for example focus group attendees in [2]
were concerned by the cost of long-term use of monitoring
devices, with the implication being that they would have to buy
them outright.

The study by Hawley-Hague et al [3] discovers that when
surveyed, there is a broad perception that older people view
new advancements in smart-home related technology as good
but “unnecessary for them,” as they don’t perceive themselves
as being “unhealthy enough” to merit using what they see as a
drastic action toward greater care. Mann et al [26] found in their
study of 661 older people that a slim majority (56.3%) perceived
smart-home technology as not being of use to them specifically.
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Ghorayeb et al [23] identify a series of factors through their
investigation with older participants which are crucial to account
for when considering the integration of new technology into
real life. These factors range from societal stigma to technical
reliability, covering points 1, 2, 3, and 6 in the evaluation
framework. Research in studies by Boström et al and by Boström
et al [2] and Liu et al [6] also point to the issues surrounding
the implication of autonomous monitoring being a decline in
human contact, addressed by point 7. In the systematic review
conducted by Ghorayeb et al [23], observations were made
regarding the progression of smart-home technologies.
Regarding patient acceptability, they note that less than half of
the papers reviewed take into consideration the acceptability of
their technology where privacy is concerned: with the focus of
the paper instead being explicitly about the functions of the
novel technology. Some steps taken toward improving privacy
in certain papers included encrypting collected data [27] and
locking data access behind authorization [28].

Regarding health care professionals, their main concerns with
smart-home technology and health care monitoring concern the
feasibility of use. Unlike patient acceptability, acceptability by
health care professionals is underresearched, where many papers

will either focus on the technology being developed and not
address it in application or they will focus only on the opinions
of the end users and how they will use and accept the technology
[29]. This finding is echoed in the lack of surveys found in the
scoping review in the Results section, where the focus is on
health care professionals rather than patients. Of the 60 papers
in the scoping review, only 7 made any explicit use of external
medical caregivers in their research development.

Evaluation Framework Criteria
Across the review papers both in Table 1 and the other reviews
referenced in this section, the following list of 10 factors were
collated to encompass all the common considerations identified
when designing and implementing novel monitoring technology
for use with older adults in a domestic environment. They are
segmented by category of concern (technical, application, or
multidisciplinary), where the technical are purely engineering
or computer-science implementation concerns and application
are concerns involving human interaction with the technology
and any adjacent concerns important to medical and social
science-based disciplines. The framework is as follows (Textbox
1).

Textbox 1. The evaluation framework

• Usability-technical: concerning the use of the technology and how feasible it is to be used by caregivers, health care professionals, and end users.

• Accessibility-technical: this concerns the ease of use by laypeople of the computer technology and the barriers for entry in terms of effectively
using the technology.

• Reliability-technical: covers issues relating to the long-term viability of the application, for example, is it expensive, does it require upkeep,
charging or maintenance.

• Control-multidisciplinary: concerns the level of access both patients and health care staff should have to the application and the data it records.

• Privacy-multidisciplinary: constitutes issues relating to the intrusiveness of the data being collected, and the manner in which it is collected.

• Stigma-application: anything relating to the societal pressures and negative connotations people may feel by using monitoring technologies for
the purposes of personal health.

• Lack of human response-application: concerns the issue of the perception that increased autonomous monitoring would result in a decrease in
person-to-person interaction as a result.

• Burden to others-application: regarding the perception of older adults that additional at-home monitoring is representative of applying additional
pressure on their caregivers.

• Lack of perceived need-application: concerns a commonly identified phenomenon in the literature that people have a tendency to think a technology
is useful but unnecessary for them personally.

• Affordability-application: this concerns the cost both on a personal and institutional level to implement solution applications in real life.

Evaluation Framework Justification
To demonstrate the descriptive power this evaluation system
has to the likelihood of success in application, Table 2 provides
an overview of papers concerning 2 technologies being
developed for commercial use (Sphere [21] and HalleyAssist
[22]), and the degree to which the prior research and
development of these systems adhere to the criteria in the
evaluation metric, with scores being calculated based on all
existing literature regarding each technology, as opposed to
individual articles. Both have demonstrated a commitment to
addressing barriers relating to both technical and human
elements, addressing 90% and 70% of the evaluation metrics
respectively (the average score across the scoping review in the
Results section is 36.2% for comparison). They also both were

developed by a multidisciplinary research team from computer
science and signal processing to nursing, geriatric medicine and
social care, with both systems now being in varying stages of
commercialization. The relationship between the absence of
certain metrics such as multidisciplinarity and the lack of
consideration for common barriers to uptake is further concretely
illustrated during the analysis at the beginning of the Results
section. While these are only 2 data points and cannot be said
to constitute a trend on their own, it can be asserted that they
provide a strong positive indication that successful applications
are likely to score highly on the introduced metric.
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Results

Evaluation Phase: Scoping Review and Parameters
Figure 1 illustrates the selection process for papers considered
for the scoping review. From the 3 databases, the following
search term was used:

((healthcare monitoring) AND (older adult)) AND ((home) OR

(at-home) OR (domestic)) AND ((obtrusive) OR (unobtrusive)
OR (intrusive)) AND ((machine learning) OR (AI) OR (artificial
intelligence))

with the exception of the ArXiv database, where the

((obtrusive) OR (unobtrusive) OR (intrusive))

section was omitted for a larger range of initial texts. Language
was restricted to English and the date was restricted to 2014 or
later, with the search commencing on January 7-24, 2024.
Excluded were papers that did not in whole or in part reference
older adult monitoring as the purpose of their application or
review, and papers where the application was specifically
designed for care homes or hospitals. The initial search yielded
a total of 352 papers. Paper title and abstract analysis excluded
236 papers, which resulted in 116 remaining, with the final
count being 60 papers after a full-paper review resulting in 56
more deletions (Figure 1).

The following section is broken down by technical and
application-based research, following the definitions for both
established in the beginning of the Methods section. Papers
defined as multidisciplinary are those in which the research
team consist of at least 1 person from each category.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram: screening process illustration for the scoping
review portion of this research.

Technical Research
The majority of research in this space relies either on traditional
or neural network–based machine learning methods to make

their systems effective and largely automatic. Researchers in
[30] construct a machine learning model that can differentiate
between regular, prefrail, and frail gait within a population of
50 older adults at an accuracy of 88.5% based on gait data
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collected from wearable accelerometer signals. They rely mostly
on “traditional” methods of machine learning: that is, machine
learning methods that don’t use deep neural networks.

With vision-based applications, on the other hand, deep neural
networks, especially convolutional networks designed
specifically for processing image data, are frequently used.
Researchers in the study by Lin et al [31] use a novel 3D
convolutional neural network (CNN) to process gait silhouette
images from the CASIA-B dataset [32] to achieve a
person-identification accuracy of 97.6%. While the question of
person identification through gait can be fairly trivially solved
with modern CNN frameworks, the question of gait analysis,
or assessing health requires a more nuanced approach and is
still an active research area.

Researchers in [33] use a Spatiotemporal Graph Convolutional
Network (ST-GCN) [34] framework to assess Parkinson disease
severity as classified under the Unified Parkinson’s Disease
Rating Scale [35]. The ST-GCN is an extension of the standard
CNN model that works specifically on skeletal graph data as
opposed to raw images, and works by processing input data
with sequential attention to both the spatial and temporal
dimensions of the input. As gait assessment is a far more
complicated problem than simple person-identification or even
traditional action recognition, they achieved 53% F1-score using
a dataset of 53 individuals with Parkinson disease.

Recently, in the study by Yin et al [36], the Spatio-temporal
joint adjacency GCN (STJA-GCN) was developed that uses 3
input streams for joints, bones and velocities, a novel joint
attention module to emphasize spatial data and a simplified
skeletal graph input architecture to achieve state-of-the-art
results (93.17% and 92.08%) on the domain of recognizing and
classifying different types of abnormal gaits compared to other
ST-GCN–based methodologies. This was tested on a pair of
synthetic gait datasets introduced by the researchers, totalling

22 participants and 8600 instances of gait data collected from
a total of 7 sensors across the 2 datasets.

Demonstrably, machine learning methods are extremely capable
in multiple health care monitoring applications, necessitating
the inclusion of highly technical fields in this type of research.
The issue with the papers in this field, however, is that they
score poorly on the proposed evaluation framework due to an
overt focus on technical innovation at the expense of
applicational concerns as well as scoring consistently lower
than papers in the applicational and multidisciplinary categories
on all but explicitly technical metrics (Figure 2). This analysis
indicates a narrow focus almost purely on the effectiveness of
the technology at the expense of an omission of application
considerations, such as cost or perceived need by end users and
medical stakeholders (refer to Figure 3 for a per-category
breakdown). End users in this context refers both to patients
and health care professionals who would be involved with the
use of the technology (such as general practitioners, nurses,
physiotherapists, occupational therapy and care workers).
Stakeholders, on the other hand, refers to family members,
friends or dependents of the patient using the technology. To
take a more concrete example of this narrowed focus, research
by Brunzini et al [13] is explicitly geared toward the
development of a decision-support algorithm for health care
professionals, complete with bespoke visual aids. However,
there is no evidence of consideration of the requirements of
health care professionals who would prospectively use such a
system (in this case namely GPs, geriatricians, and nurses) being
used in the design of the system itself. Similar issues were found
in several studies where technical teams sought to develop
assistive tools for caregivers or patients without direct
involvement of prospective caregivers or end users, ranging
from tools designed for doctors and nurses to carers,
physiotherapists, and occupational therapists [37-41].

Figure 2. Illustration of evaluation performance per-evaluation category. Shown here is the impact that the use of multidisciplinarity has on the likelihood
of each of the 10 metrics being taken into consideration.
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Figure 3. Breakdown of the average presence of each evaluation attribute by research team type.

Application and Multidisciplinary Research
Of the surveyed technical papers (n=29), they scored an average
6.8% on the application-centered metrics in the proposed
evaluation framework (Figure 2). In contrast, the application
papers (n=14) mainly authored by health care researchers scored
21.4% on application-based metrics. While this indicates that
application focused papers typically address more concerns with
real-life deployment of research solutions, there is also a notable
trend that this focus on application comes at a slightly increased
tendency to neglect technical aspects of research (with both
technical and multidisciplinary papers outperforming
application-based papers on technical metrics). A clear trend
can be seen in multidisciplinary papers consistently
outperforming technical or application-based papers, even on
the metrics specific to their own discipline (Figure 3).

As indicated in the second research question in the Introduction,
we speculate that there exists a relationship between the
inclusion of different stakeholders in PPI and co-design with
the effectiveness of the resultant applications and research. As
indicated by Table 1, this type of inclusion is usually
implemented using focus groups. In this section, we highlight
the typically moderate-to-high scores where this stakeholder
input is prioritised, whilst also outlining other areas of
shortcomings that follow from lack of multidisciplinarity in
other, mainly technical domains.

In the study by Mireles et al [42], a total of 75 health care
professionals (mostly nurses, n=47) are interviewed as a means
of investigating the effectiveness of 3 different eHealth
technologies for at-home monitoring of older adults with chronic
conditions. Scoring 40%, this research focuses on the
implications of e-health solutions as they affect end users,
namely stakeholders, with less consideration for the technical
implications of their recommendations. Research in the study
by Bjornsdottir and Ceci [43] is similar, conducting qualitative
interviews with both health care professionals and also patients.
By including the patients and getting their insight, this research
scores higher (60%) but suffers on the same technical metrics,
highlighting the shortcomings in the systems they are evaluating
without explicit consideration of the technical implications of
their conclusions. In [44], 5 focus groups were conducted with

both older adults and caregivers; namely family and care staff,
to help synthesize a consensus on the design of future at-home
sensor-based systems, with a focus on acceptability, respect for
privacy and how to best provide control of care to the end users
themselves. Scoring 50%, the authors neglect aspects such as
system reliability at the expense of greater privacy, and other
application-driven barriers such as societal stigma and the threat
of greater isolation resulting in the deployment of remote
monitoring technology. Expanding on this focus-group centered
research [45], conduct a series of interviews with both formal
and informal caregivers to identify the key parameters which
need to be addressed to achieve effective at-home lifestyle
monitoring systems. Scoring 60%, their strengths come from
the inclusion of both medical and end user input, however they
similarly lack extensive consideration for how the parameters
being set by stakeholders would affect the performance of the
monitoring systems themselves. Itoh et al [46] investigated
issues of application from a medical perspective but score only
40%. Not only does their investigation consist only of testing
an existing technology without the intention of developing said
technology further, they also concern their research only with
application concerns as far as the caregivers and medical
stakeholders are concerned, with no involvement being afforded
to the end users and patients. As a result, issues around stigma
and even privacy are completely unaddressed.

As can be seen in Table 3, there is a clear lack of involvement
in research and application design from the medical community
and caregivers. Overall, 13.7% and 64.2% of single-discipline
papers involve end user participation versus a mere 14.2% and
0% exhibiting caregiver or medical participation in the
development of the research (for application and technical based
papers. respectively). While the likelihood of involving both
types of stakeholders (caregivers and end users) is more than
double when multidisciplinary teams are involved (14.2% vs
37.5%), this is not conclusive due to the relatively small number
of papers in each category when divided by the inclusion of
different stakeholder types (end user and caregiver). Likewise,
there is a definite trend across all research team types that exhibit
lower evaluation scores when neither caregivers nor end users
participate in the design or evaluation of research. However,
discerning the differing impact between the 2 stakeholder types
is difficult due to the small positive sample size (with only 2%
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separating end user only and caregiver only scores for both
research team types, refer to Table 4). The trend in the research,
especially in survey-style research seems to be to focus on end

users rather than caregivers or other medical stakeholders with
only 7 of 60 papers involving medical stakeholders and 22 of
60 involving end user input.

Table . The presence or absence of caregivers and end users in the co-design of research across the review, split by research team type.

Total (%)End users (%)Caregivers (%)Team type

37.556.2537.5Multidisciplinarya

14.264.238.4Applicationa

013.70Technicala

a Values are not mutually exclusive and some papers have both caregivers and end users involved. As a result, values may not necessarily add up to
100%.

Table . The average evaluation score by research team type when caregivers and end users are included or not in the research.

Caregiver and End users
(score %)

End users (score %)Caregivers (score %)Neither (score %)Team type

70687035.7Multidisciplinary

43424027.5Application

035024.8Technical

The strongest scores using the evaluation framework come from
those where interdisciplinary teams are used (average score of
5.43 versus 3.5 and 2.68 for application-based and technical
teams respectively), with a distinct trend shown in Table 4
indicating the presence of caregiver and end user involvement
in a co-design or PPI capacity leads to a stronger evaluation
score.

In general, as shown in Figure 3, different categories of research
team tend to neglect certain aspects identified in the evaluation
framework. Technical papers struggle with “Stigma” and
“Human Response,” and application-based papers, mostly led
by medical teams often omit factors such as “Accessibility“ and
“Burden to Others” from their consideration. Both tend to
struggle particularly with addressing societal stigma, possibly
due to the varying levels and types of stigma for at-home
monitoring from researcher’s home countries, or potentially
due to considerations for more general issues not directly related
to their specific research being deemed as outside of the scope
of their work.

A common theme across all of these works is the tendency to
make assumptions on the necessity of their application in the
eyes of end users (Figure 3), as the lack of perceived need is
seldom addressed regardless of the make-up of the research
team. Technical issues are generally well addressed such as
usability and reliability, however broader human issues such as
societal stigma and feelings of end users becoming a burden,
or the technology itself being a burden to use by caregivers are
likewise rarely addressed. Across the entire evaluation phase,
there is a consistent trend of greater representation of every
attribute when multidisciplinary teams are involved in the
research, with specifically technical teams being especially
susceptible to a lack of focus on application-based concerns.

Discussion

Principal Findings
The research presented here concludes that a root problem
underlying the issues affecting real-life uptake of research
applications is the lack of multidisciplinarity in the research.
We find that the developed evaluation metric is effective for
quantifying the likelihood an application will transition into
further development and effective deployment in real-world
use. We also identified a series of common themes across the
literature, namely the consistent underrepresentation of end
users and other stakeholders in research, a distinct lack of
multidisciplinarity in technical applications and the consistent
underappreciation of societal factors such as stigma and human
contact when developing at-home medical technologies.

Using a novel evaluation metric based on the 10 key barriers
to uptake identified in the literature, a concrete trend can be
observed that that multidisciplinarity between engineers,
computer scientists, medical experts, and social scientists,
alongside co-design or PPI-based inclusion of caregivers (such
as family, friends, or dependants) and end users (health care
professionals or patients) is highly beneficial to the effective
development of technology that has direct practical application
and tangible social benefit. The evaluation framework itself was
also justified by the demonstration of a trend of extremely high
evaluation scores on research projects that had reached the point
of successful practical application, namely HalleyAssist and
SPHERE. Using this evaluation metric, we find an increase of
between 19.3%‐27.5% for multidisciplinary teams versus
single discipline, and an increase of between 7.4%‐19% when
research includes the use of caregivers or end users in a PPI or
co-design capacity.
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Limitations and Future Work
The main limitation of this study is that the results can only
demonstrate the lack of multidisciplinarity is a root issue, not
necessarily the root issue. For example, many extenuating
factors not included in the research itself can explain why
effective technology was researched but not developed, such
as personal material conditions for the researchers, leading them
to be uninterested or unable to develop effective research further.
One other limitation is in the methodology of the framework
itself. Ways to improve the descriptive power and nuance of
the framework could be to introduce more criteria, break the
criteria down into further subdisciplines or introduce criteria
weighting so that criteria deemed more “vital” or less common
are weighted higher when calculating the score. Had more
resources been available, a broader review in both phases could
have been conducted, using a greater number of papers from a
greater number of databases, an especially important factor
given the number of different disciplines relevant to this type
of research.

In future, a larger study could be conducted on the literature to
further verify the effectiveness of the evaluation framework,
including the application of the framework to more smart-home
technologies in commercial development. The framework itself
could also benefit from being imbued with greater complexity
for example, additional factors or a bespoke weighting of them
to make certain factors more important to the success of a
technology in application, and thus scoring a higher score. To
our knowledge there is no comparable work in quantitatively
assessing the effects of multidisciplinarity on research in
at-home health monitoring, so in general, more research is
needed to saturate the domain and allow for trends to be more
concretely identified. As HalleyAssist and SPHERE are leading
examples in the area of in-home monitoring of ageing singles,
it would be good to follow up their development and experiences
in the future, to see how well the assessment undertaken here
was predictive of their successes.

 

Acknowledgments
This research was funded by the Legal and General Group (research grant to establish the independent Advanced Care Research
Centre at University of Edinburgh).

Authors' Contributions
CL and RBF were both involved in the conception of the paper, with CL carrying out the literature reviews and being the primary
drafter of the manuscript. RBF was also responsible for supervisory support and redrafting and revising the manuscript. Both
authors have given final approval for the manuscript presented for publishing.

Conflicts of Interest
This research was funded by the Legal & General Group (research grant to establish the independent Advanced Care Research
Centre at University of Edinburgh). The funder had no role in the conduct of the study, interpretation or the decision to submit
for publication. The views expressed are those of the authors and not necessarily those of Legal & General. To the authors
knowledge there are no conflicts of interest during the undertaking of this research.

Multimedia Appendix 1
Supplementary materials referred to in the manuscript. There is also a live hyperlink.
[XLSX File, 51 KB - humanfactors_v12i1e59458_app1.xlsx ]

Checklist 1
PRISMA checklist.
[PDF File, 182 KB - humanfactors_v12i1e59458_app2.pdf ]

References
1. United Nations. World Population Ageing 2019 Highlights: United Nations; 2019. [doi: 10.18356/9df3caed-en]
2. Boström M, Kjellström S, Björklund A. Older persons have ambivalent feelings about the use of monitoring technologies.

Info Technol Disab 2013;25(2):117-125. [doi: 10.3233/TAD-130376]
3. Hawley-Hague H, Boulton E, Hall A, Pfeiffer K, Todd C. Older adults’perceptions of technologies aimed at falls prevention,

detection or monitoring: A systematic review. Int J Med Inform 2014 Jun;83(6):416-426. [doi:
10.1016/j.ijmedinf.2014.03.002] [Medline: 24798946]

4. Kaur B, Kumar S, Kaushik BK. Novel wearable optical sensors for vital health monitoring systems-a review. Biosensors
(Basel) 2023 Jan 23;13(2):181. [doi: 10.3390/bios13020181] [Medline: 36831947]

5. Lee LN, Kim MJ. A critical review of smart residential environments for older adults with a focus on pleasurable experience.
Front Psychol 2019;10:3080. [doi: 10.3389/fpsyg.2019.03080] [Medline: 32038424]

JMIR Hum Factors 2025 | vol. 12 | e59458 | p.157https://humanfactors.jmir.org/2025/1/e59458
(page number not for citation purposes)

Lochhead & FisherJMIR HUMAN FACTORS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=humanfactors_v12i1e59458_app1.xlsx&filename=d49fbce1-f54d-11ef-baa6-bdab74818e96.xlsx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e59458_app1.xlsx&filename=d49fbce1-f54d-11ef-baa6-bdab74818e96.xlsx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e59458_app2.pdf&filename=d4b98671-f54d-11ef-baa6-bdab74818e96.pdf
https://jmir.org/api/download?alt_name=humanfactors_v12i1e59458_app2.pdf&filename=d4b98671-f54d-11ef-baa6-bdab74818e96.pdf
http://dx.doi.org/10.18356/9df3caed-en
http://dx.doi.org/10.3233/TAD-130376
http://dx.doi.org/10.1016/j.ijmedinf.2014.03.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24798946&dopt=Abstract
http://dx.doi.org/10.3390/bios13020181
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36831947&dopt=Abstract
http://dx.doi.org/10.3389/fpsyg.2019.03080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32038424&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


6. Liu L, Stroulia E, Nikolaidis I, Miguel-Cruz A, Rios Rincon A. Smart homes and home health monitoring technologies for
older adults: A systematic review. Int J Med Inform 2016 Jul;91:44-59. [doi: 10.1016/j.ijmedinf.2016.04.007] [Medline:
27185508]

7. Majumder S, Mondal T, Deen MJ. Wearable sensors for remote health monitoring. Sensors (Basel) 2017 Jan 12;17(1):130.
[doi: 10.3390/s17010130] [Medline: 28085085]

8. Morita PP, Sahu KS, Oetomo A. Health monitoring using smart home technologies: scoping review. JMIR Mhealth Uhealth
2023 Apr 13;11:e37347. [doi: 10.2196/37347] [Medline: 37052984]

9. Shaik T, Tao X, Higgins N, et al. Remote patient monitoring using artificial intelligence: Current state, applications, and
challenges. WIREs Data Min Knowl 2023 Mar;13(2). [doi: 10.1002/widm.1485]

10. Wang J, Spicher N, Warnecke JM, Haghi M, Schwartze J, Deserno TM. Unobtrusive health monitoring in private spaces:
the smart home. Sensors (Basel) 2021 Jan 28;21(3):864. [doi: 10.3390/s21030864] [Medline: 33525460]

11. Zheng YL, Ding XR, Poon CCY, et al. Unobtrusive sensing and wearable devices for health informatics. IEEE Trans
Biomed Eng 2014 May;61(5):1538-1554. [doi: 10.1109/TBME.2014.2309951] [Medline: 24759283]

12. Tao X, Yun Z. Fall prediction based on biomechanics equilibrium using Kinect. Int J Distrib Sens Netw 2017
Apr;13(4):155014771770325. [doi: 10.1177/1550147717703257]

13. Brunzini A, Caragiuli M, Massera C, Mandolini M. Healthy ageing: a decision-support algorithm for the patient-specific
assignment of ICT devices and services. Sensors (Basel) 2023 Feb 7;23(4):1836. [doi: 10.3390/s23041836] [Medline:
36850433]

14. Guo Y, Yang J, Liu Y, Chen X, Yang GZ. Detection and assessment of Parkinson’s disease based on gait analysis: a survey.
Front Aging Neurosci 2022;14:916971. [doi: 10.3389/fnagi.2022.916971] [Medline: 35992585]

15. Kulurkar P, Dixit CK, Bharathi VC, Monikavishnuvarthini A, Dhakne A, Preethi P. AI based elderly fall prediction system
using wearable sensors: a smart home-care technology with IOT. Measurement: Sensors 2023 Feb;25:100614. [doi:
10.1016/j.measen.2022.100614]

16. Granja C, Janssen W, Johansen MA. Factors determining the success and failure of eHealth interventions: systematic review
of the literature. J Med Internet Res 2018 May 1;20(5):e10235. [doi: 10.2196/10235] [Medline: 29716883]

17. Higuma M, Sanjo N, Mitoma H, Yoneyama M, Yokota T. Whole-day gait monitoring in patients with Alzheimer’s disease:
a relationship between attention and gait cycle. J Alzheimers Dis Rep 2017 Apr 28;1(1):1-8. [doi: 10.3233/ADR-170001]
[Medline: 30480224]

18. Colantonio S, Jovanovic M, Zdravevski E, et al. Are active and assisted living applications addressing the main acceptance
concerns of their beneficiaries? preliminary insights from a scoping review. Presented at: Proceedings of the 15th International
Conference on PErvasive Technologies Related to Assistive Environments; Jun 29 to Jul 1, 2022; Corfu Greece. [doi:
10.1145/3529190.3534753]

19. Burrows A, Gooberman-Hill R, Craddock I, Coyle D. Sensors for healthcare: would you want them in your home. arXiv.
Preprint posted online on 2014arXiv:1408.2476.

20. Morgan C, Craddock I, Tonkin EL, et al. Protocol for PD SENSORS: Parkinson’s disease symptom evaluation in a naturalistic
setting producing outcome measuRes using SPHERE technology. an observational feasibility study of multi-modal
multi-sensor technology to measure symptoms and activities of daily living in Parkinson’s disease. BMJ Open 2020 Nov
30;10(11):e041303. [doi: 10.1136/bmjopen-2020-041303] [Medline: 33257491]

21. Zhu N, Diethe T, Camplani M, et al. Bridging e-Health and the internet of things: the SPHERE project. IEEE Intell Syst
2015;30(4):39-46. [doi: 10.1109/MIS.2015.57]

22. Forkan ARM, Branch P, Jayaraman PP, Ferretto A. HalleyAssist: a personalised internet of things technology to assist the
elderly in daily living. 2019 Jan 8 Presented at: Hawaii International Conference on System Sciences. [doi:
10.24251/HICSS.2019.507]

23. Ghorayeb A, Comber R, Gooberman-Hill R. Older adults’ perspectives of smart home technology: are we developing the
technology that older people want? Int J Hum Comput Stud 2021 Mar;147:102571. [doi: 10.1016/j.ijhcs.2020.102571]

24. McNeill A, Briggs P, Pywell J, Coventry L. Functional privacy concerns of older adults about pervasive health-monitoring
systems. Presented at: Proceedings of the 10th International Conference on PErvasive Technologies Related to Assistive
Environments; 2017; Island of Rhodes Greece. [doi: 10.1145/3056540.3056559]

25. Robinson L, Brittain K, Lindsay S, Jackson D, Olivier P. Keeping In Touch Everyday (KITE) project: developing assistive
technologies with people with dementia and their carers to promote independence. Int Psychogeriatr 2009 Jun;21(3):494-502.
[doi: 10.1017/S1041610209008448] [Medline: 19193255]

26. Mann WC, Belchior P, Tomita MR, Kemp BJ. Older adults  perception and use of PDAs, home automation system, and
home health monitoring system. Top Geriatr Rehabil 2007 Jan;23(1):35-46. [doi: 10.1097/00013614-200701000-00006]

27. Austin J, Dodge HH, Riley T, Jacobs PG, Thielke S, Kaye J. A smart-home system to unobtrusively and continuously
assess loneliness in older adults. IEEE J Transl Eng Health Med 2016;4:2800311. [doi: 10.1109/JTEHM.2016.2579638]
[Medline: 27574577]

28. Moretti G, Marsland S, Basu D, Sen Gupta G, The MUSE Group. Towards a monitoring smart home for the elderly: one
experience in retrofitting a sensor network into an existing home. J Ambient Intell Smart Environ 2013;5(6):639-656. [doi:
10.3233/AIS-130233]

JMIR Hum Factors 2025 | vol. 12 | e59458 | p.158https://humanfactors.jmir.org/2025/1/e59458
(page number not for citation purposes)

Lochhead & FisherJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.ijmedinf.2016.04.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27185508&dopt=Abstract
http://dx.doi.org/10.3390/s17010130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28085085&dopt=Abstract
http://dx.doi.org/10.2196/37347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37052984&dopt=Abstract
http://dx.doi.org/10.1002/widm.1485
http://dx.doi.org/10.3390/s21030864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33525460&dopt=Abstract
http://dx.doi.org/10.1109/TBME.2014.2309951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24759283&dopt=Abstract
http://dx.doi.org/10.1177/1550147717703257
http://dx.doi.org/10.3390/s23041836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36850433&dopt=Abstract
http://dx.doi.org/10.3389/fnagi.2022.916971
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35992585&dopt=Abstract
http://dx.doi.org/10.1016/j.measen.2022.100614
http://dx.doi.org/10.2196/10235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29716883&dopt=Abstract
http://dx.doi.org/10.3233/ADR-170001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30480224&dopt=Abstract
http://dx.doi.org/10.1145/3529190.3534753
http://dx.doi.org/10.1136/bmjopen-2020-041303
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33257491&dopt=Abstract
http://dx.doi.org/10.1109/MIS.2015.57
http://dx.doi.org/10.24251/HICSS.2019.507
http://dx.doi.org/10.1016/j.ijhcs.2020.102571
http://dx.doi.org/10.1145/3056540.3056559
http://dx.doi.org/10.1017/S1041610209008448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19193255&dopt=Abstract
http://dx.doi.org/10.1097/00013614-200701000-00006
http://dx.doi.org/10.1109/JTEHM.2016.2579638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27574577&dopt=Abstract
http://dx.doi.org/10.3233/AIS-130233
http://www.w3.org/Style/XSL
http://www.renderx.com/


29. Mohammed KI, Zaidan AA, Zaidan BB, et al. Real-time remote-health monitoring systems: a review on patients prioritisation
for multiple-chronic diseases, taxonomy analysis, concerns and solution procedure. J Med Syst 2019 Jun 11;43(7):223.
[doi: 10.1007/s10916-019-1362-x] [Medline: 31187288]

30. Abbas M, Le Bouquin Jeannès R. Acceleration-based gait analysis for frailty assessment in older adults. Pattern Recognit
Lett 2022 Sep;161:45-51. [doi: 10.1016/j.patrec.2022.07.006]

31. Lin B, Zhang S, Bao F. Gait recognition with multiple-temporal-scale 3D convolutional neural network. Presented at:
Proceedings of the 28th ACM International Conference on Multimedia; 2020; Seattle WA USA. [doi:
10.1145/3394171.3413861]

32. Yu S, Tan D, Tan T. A framework for evaluating the effect of view angle, clothing and carrying condition on gait recognition.
Presented at: 18th International Conference on Pattern Recognition (ICPR’06); 2006; Hong Kong, China. [doi:
10.1109/ICPR.2006.67]

33. Sabo A, Mehdizadeh S, Iaboni A, Taati B. Estimating Parkinsonism severity in natural gait videos of older adults with
dementia. IEEE J Biomed Health Inform 2022 May;26(5):2288-2298. [doi: 10.1109/JBHI.2022.3144917] [Medline:
35077373]

34. Yan S, Xiong Y, Lin D. Spatial temporal graph convolutional networks for skeleton-Based action recognition. AAAI
2018;32(1). [doi: 10.1609/aaai.v32i1.12328]

35. Goetz CG. Unified Parkinson’s disease rating scale (UPDRS) and the movement-disorder society sponsored-unified
Parkinson’s disease rating scale (MDS-UPDRS). Encyclo Mov Disord 2010:307-309. [doi:
10.1016/B978-0-12-374105-9.00091-5]

36. Yin Z, Jiang Y, Zheng J, Yu H. STJA-GCN: a multi-branch spatial–temporal joint attention graph convolutional network
for abnormal gait recognition. Appl Sci (Basel) 2023;13(7):4205. [doi: 10.3390/app13074205]

37. Du Y, Lim Y, Tan Y. A novel human activity recognition and prediction in smart home based on interaction. Sensors
(Basel) 2019 Oct 15;19(20):4474. [doi: 10.3390/s19204474] [Medline: 31619005]

38. Islam M, Kabir M, Mridha MF, Alfarhood S, Safran M, Che D. Deep Learning-Based IoT System for Remote Monitoring
and Early Detection of Health Issues in Real-Time. Sensors (Basel) 2023;23(11):5204. [doi: 10.3390/s23115204]

39. Megalingam RK, Pocklassery G, Jayakrishnan V, Mourya G, Thulasi AA. Smartphone based continuous monitoring system
for home-bound elders and patients. Presented at: 2014 International Conference on Communications and Signal Processing
(ICCSP); 2014; Melmaruvathur, India. [doi: 10.1109/ICCSP.2014.6950039]

40. Rachakonda L, Marchand DT. Fall-sense: an enhanced sensor system to predict and detect elderly falls using iomt. Presented
at: 2022 IEEE Computer Society Annual Symposium on VLSI (ISVLSI); Jul 4-6, 2022; Nicosia, Cyprus. [doi:
10.1109/ISVLSI54635.2022.00100]

41. Rajaei H. An iot based smart monitoring system detecting patient falls. Presented at: 2022 Annual Modeling and Simulation
Conference (ANNSIM); Jul 18-20, 2022; San Diego, CA, USA. [doi: 10.23919/ANNSIM55834.2022.9859346]

42. Mireles C, Sanchez M, Cruz-Ortiz D, Salgado I, Chairez I. Home-care nursing controlled mobile robot with vital signal
monitoring. Med Biol Eng Comput 2023 Feb;61(2):399-420. [doi: 10.1007/s11517-022-02712-y]

43. Bjornsdottir K, Ceci C. Home care nursing practice for older persons with heart failure living at home. J Clin Nurs 2023
Jul;32(13-14):4103-4115. [doi: 10.1111/jocn.16575] [Medline: 36369989]

44. Robinson EL, Park G, Lane K, Skubic M, Rantz M. Technology for healthy independent living: creating a tailored in-home
sensor system for older adults and family caregivers. J Gerontol Nurs 2020 Jul 1;46(7):35-40. [doi:
10.3928/00989134-20200605-06] [Medline: 32597999]

45. Braspenning AM, Cranen K, Snaphaan L, Wouters EJM. A multiple stakeholder perspective on the drivers and barriers for
the implementation of lifestyle monitoring using infrared sensors to record movements for vulnerable older adults living
alone at home: a qualitative study. Int J Environ Res Public Health 2022 Jan 5;19(1):570. [doi: 10.3390/ijerph19010570]
[Medline: 35010829]

46. Itoh S, Tan HP, Kudo K, Ogata Y. Comparison of the mental burden on nursing care providers with and without mat-type
sleep state sensors at a nursing home in Tokyo, Japan: quasi-experimental study. JMIR Aging 2022 Mar 23;5(1):e19641.
[doi: 10.2196/19641] [Medline: 35319474]

Abbreviations
CNN: convolutional neural network
PPI: public and participant involvement
ST-GCN: Spatiotemporal Graph Neural Network
STJA-GCN: Spatio-temporal Joint Adjacency Graph Neural Network

JMIR Hum Factors 2025 | vol. 12 | e59458 | p.159https://humanfactors.jmir.org/2025/1/e59458
(page number not for citation purposes)

Lochhead & FisherJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1007/s10916-019-1362-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31187288&dopt=Abstract
http://dx.doi.org/10.1016/j.patrec.2022.07.006
http://dx.doi.org/10.1145/3394171.3413861
http://dx.doi.org/10.1109/ICPR.2006.67
http://dx.doi.org/10.1109/JBHI.2022.3144917
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35077373&dopt=Abstract
http://dx.doi.org/10.1609/aaai.v32i1.12328
http://dx.doi.org/10.1016/B978-0-12-374105-9.00091-5
http://dx.doi.org/10.3390/app13074205
http://dx.doi.org/10.3390/s19204474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31619005&dopt=Abstract
http://dx.doi.org/10.3390/s23115204
http://dx.doi.org/10.1109/ICCSP.2014.6950039
http://dx.doi.org/10.1109/ISVLSI54635.2022.00100
http://dx.doi.org/10.23919/ANNSIM55834.2022.9859346
http://dx.doi.org/10.1007/s11517-022-02712-y
http://dx.doi.org/10.1111/jocn.16575
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36369989&dopt=Abstract
http://dx.doi.org/10.3928/00989134-20200605-06
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32597999&dopt=Abstract
http://dx.doi.org/10.3390/ijerph19010570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35010829&dopt=Abstract
http://dx.doi.org/10.2196/19641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35319474&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by A Kushniruk; submitted 12.04.24; peer-reviewed by M Jordan-Marsh, TA El-Hafeez; revised version received 14.11.24;
accepted 24.11.24; published 27.02.25.

Please cite as:
Lochhead C, Fisher RB
On the Necessity of Multidisciplinarity in the Development of at-Home Health Monitoring Platforms for Older Adults: Systematic
Review
JMIR Hum Factors 2025;12:e59458
URL: https://humanfactors.jmir.org/2025/1/e59458 
doi:10.2196/59458

© Chris Lochhead, Robert B Fisher. Originally published in JMIR Human Factors (https://humanfactors.jmir.org), 27.2.2025.
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 JMIR Human Factors, is properly cited. The complete bibliographic information,
a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license information must be
included.

JMIR Hum Factors 2025 | vol. 12 | e59458 | p.160https://humanfactors.jmir.org/2025/1/e59458
(page number not for citation purposes)

Lochhead & FisherJMIR HUMAN FACTORS

XSL•FO
RenderX

https://humanfactors.jmir.org/2025/1/e59458
http://dx.doi.org/10.2196/59458
http://www.w3.org/Style/XSL
http://www.renderx.com/


Challenges to Rehabilitation Services in Sub-Saharan Africa From
a User, Health System, and Service Provider Perspective: Scoping
Review

Callixte Cyuzuzo1*, MSc, MPH; Marie Josee Dukuzimana2*, MSc; Clement Muhire3*, MSc; Mathew Sheldon Ames4*,

PhD; Emmanuel Ngwakongnwi2*, PhD
1Center for Population Health, Institute of Global Health Equity Research, University of Global Health Equity, Kigali, Rwanda
2Institute of Global Health Equity Research, University of Global Health Equity, KG 7 Ave, 5th Floor, PO Box 6955, Kigali, Rwanda
3Campus Operations and Community Engagement, University of Global Health Equity, Burera, Rwanda
4Educational Development and Quality Center, University of Global Health Equity, Kigali, Rwanda
*all authors contributed equally

Corresponding Author:
Marie Josee Dukuzimana, MSc
Institute of Global Health Equity Research, University of Global Health Equity, KG 7 Ave, 5th Floor, PO Box 6955, Kigali,
Rwanda

Abstract

Background: Rehabilitation aims to restore and optimize the functioning of impaired systems for people with disabilities. It is
an integral part of universal health coverage, and access to it is a human right.

Objective: We aimed to identify the key challenges to rehabilitation services in Sub-Saharan Africa from a user, health system,
and service provider perspective.

Methods: This scoping review was conducted in accordance with the 5-stage framework proposed by Arksey and O’Malley.
A comprehensive electronic search was run to identify published articles on rehabilitation services in Sub-Saharan Africa. Of the
131 articles retrieved, 83 articles were assessed for eligibility and 15 papers that met the inclusion criteria were considered.

Results: The results show that people with disabilities in Sub-Saharan Africa face multifactorial challenges to access rehabilitation
services. Poor access to rehabilitation services is associated with less attention given to rehabilitation by governments, which
leads to less funding, negative cultural and social beliefs, fewer rehabilitation centers, poorly equipped rehabilitation units, failure
of health systems, lack of training to rehabilitation practitioners, and logistical and financial constraints. This review also reveals
that digital rehabilitation reduces costs and improves access to services in hard-to-reach geographical areas. However, digital
rehabilitation faces challenges as well, including connectivity issues, inaccessibility to technology, a lack of technical knowledge,
a lack of privacy, and ethical concerns.

Conclusions: People with disabilities face multifactorial challenges to access rehabilitation services in Sub-Saharan Africa. It
is therefore critical to address these challenges to optimize patients’ health outcomes and offer better rehabilitation services.

(JMIR Hum Factors 2025;12:e58841)   doi:10.2196/58841

KEYWORDS

challenges; users; health system; service providers; Sub-Saharan Africa; scoping review; rehabilitation service

Introduction

Rehabilitation refers to a set of therapeutic approaches that are
structured to address physical, developmental, emotional, and
mental challenges and improve patients’ health outcomes and
quality of life [1]. Rehabilitation is an integral part of universal
health coverage and contributes greatly to the achievement of
the United Nations’ Sustainable Development Goal 3, which
aims to ensure healthy lives and promote well-being for people
of all ages [2]. Access to rehabilitation for people with
disabilities is a human right, as stated in Article 26 of the United

Nations Convention on the Rights of Persons with Disabilities
[3]. Rehabilitation services can be either delivered through
traditional face-to-face methods or, using remote approaches,
facilitated by existing technologies [4,5]. Digital rehabilitation
has reduced costs and improved access to rehabilitation services
in hard-to-reach geographical areas [5].

Demographic changes that lead to chronic health conditions
and accidents have gradually contributed to the increased need
for rehabilitation services [6]. It is estimated that 2.4 billion
people have a health condition that may benefit from
rehabilitation services; however, these services are still
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inaccessible due to a shortage of rehabilitation practitioners [1].
A World Health Organization (WHO) report disclosed that the
ratio of skilled rehabilitation practitioners to patients is 10 to
1,000,000 in low- and middle-income countries. This leads to
a persistent scarcity of health-related human resources and
reduced access to rehabilitation services in low-resource regions
[7].

Sub-Saharan Africa (SSA) has a shortage of health-related
human resources, with the region accounting for only 3.5% of
the world’s health workers, despite it having a high disease
burden that includes several kinds of disabilities [1]. In this
low-resource region, there is a significant difference in the
availability of and access to rehabilitation services, and this
impedes individuals with disabilities from achieving their
desired health outcomes [8,9]. The WHO reported that in SSA,
50% of people do not get the rehabilitation services they need,
and a high proportion of people with disabilities with unmet
needs are in low- and middle-income countries [10].

Demand for rehabilitation services in SSA is well established
given the prevalence of unmet rehabilitation needs, the rising
cases of noncommunicable diseases, and the significant
incidence of road traffic accidents that result in disabilities.
Additionally, lack of access to rehabilitation services for people
with chronic conditions can lead to a need for assistance with
activities of daily living and long-term hospital stays [11]. It is
important to explore the rehabilitation challenges faced by users,
health systems, and service providers. This scoping review aims
to enhance our understanding of the complex demands imposed
by these factors in SSA and examine the challenges associated
with rehabilitation services from those 3 domains.

Methods

Study Design
This review follows the framework of conducting scoping
reviews as proposed by Arksey and O’Malley [12]. This
framework consists of 5 distinct stages: identifying the research
question; identifying relevant studies; selecting studies; charting
the data; and collating, summarizing, and reporting the results.

Identifying the Research Question
The research topic and its associated objectives helped to
determine the scope of the review, appropriate literature, search
strategy, and inclusion and exclusion criteria. To attain the main
aim of this review, the scope of rehabilitation services in SSA
was explored and key challenges that users, service providers,
and health systems face on the availability of and access to
rehabilitation services were identified.

Identifying Relevant Studies

Search Strategy

A comprehensive electronic search was conducted to retrieve
published data on the availability of and access to rehabilitation
services in SSA. Research studies published in reputable journals
and databases such as PubMed, National Center for
Biotechnology Information, Scopus, PLOS, BioMed Central,
Taylor and Francis, Science Direct, Frontiers, Springer Nature,

and Web of Science were chosen, as they yielded the most
topic-relevant articles. A search strategy using the keywords
“rehabilitation services,” “availability,” “access,” and
“Sub-Saharan Africa” was used. To increase the number of
accessed literatures, “Sub-Saharan Africa” was replaced by the
name of the country, and “rehabilitation services” was replaced
by specific types of rehabilitation services such as
physiotherapy, occupational therapy, speech and language
therapy, and prosthetics services. To maximize the literature
coverage and to provide additional evidence, reference lists of
primary studies and review articles were screened to identify
additional relevant literature.

Inclusion and Exclusion Criteria

Inclusion criteria were developed to ensure that all relevant
publications focusing on availability of and access to
rehabilitation services in SSA were included. Works written in
English and published in the above-mentioned reputable journals
and databases between 2018 and 2023 were considered. Articles
not written in English, published before 2018, and that did not
report on rehabilitation services in SSA countries were excluded.

Study Selection
One team member led the search and screened the titles and
abstracts of all retrieved papers based on the inclusion and
exclusion criteria. Articles retained for review were confirmed
by the research team after discussion. Duplicates were removed
and the articles that satisfied the inclusion criteria were selected
for full-text review.

Charting the Data
With the help of Microsoft Excel, data on availability of and
access to rehabilitation services were extracted from the full
texts. Challenges faced by users, service providers, and health
systems were recorded. Information such as the title of the paper,
names of authors, year of publication, study setting, study
design, objectives of the paper, inclusion criteria, and study
findings were extracted and recorded in the Excel table.
Reference lists of included papers were also screened to optimize
the search. The data extraction document is attached as a
supplementary file (Multimedia Appendix 1).

Results

Overview
The search yielded 131 research and review articles overall.
Forty-eight articles were duplicates and 71 articles did not satisfy
the inclusion criteria. The full texts of the remaining 12 articles
were screened, and 3 more articles were identified using the
reference lists, resulting in a total of 15 articles eligible for
analysis. Six of the 15 (40%) articles were original studies while
9 (60%) were scoping or systematic reviews covering other
aspects of rehabilitation. Figure 1 illustrates how the articles
were selected. All 15 considered articles indicated the existence
of rehabilitation challenges; of these, 6 papers discussed the
challenges faced by users, 5 discussed those faced by health
systems, 3 discussed those faced by service providers, and 1
review article reported challenges for all.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart illustrating the article selection process.

Challenges to Rehabilitation Services in SSA
A synthesis of the literature revealed 2 categories of challenges
to rehabilitation services from user, service provider, and health
system perspectives (Table 1).
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Table . Challenges to rehabilitation services reported in studies involving users, providers, and health systems.

Category

AvailabilityAccessibility

Overall challenges:Users • Do not know where to find the services
• Unsuitable environment and buildings for

people with disabilities
• Long distance between users’ homes and

health facilities
• Inaccessibility to technology • Lack of reliable transport and logistical af-

fordability• Stigma, negative attitudes, and discrimina-
tion from therapists and other hospital staff • Distant health units

• Long queues and waiting time
• Financial constraints to purchasing

medicines
• Mindset that nothing can be done to help

them
• Lack of psychological support
• Nonsupportive family members
• Lack of trust in service providers
• Pain during the rehabilitation process
• Religious beliefs and socially accepted

norms and traditions that claim that disabil-
ity results from witchcraft or divine origins

• Language barriers

Digital rehabilitation–specific challenges:
• Lack of secure platforms and privacy
• Lack of technical knowledge or digital liter-

acy
• Connectivity issues
• Inconsistency in power supply

Overall challenges:Service providers • Lack of communication skills
• Insufficient time for consultation • Lack of professional training and necessary

skills• Inadequate follow-up
• Lack of maintenance for the assistive tools• Inappropriate treatment procedures
• Failure to schedule online appointments• Lack of patience

• Ethical challenges

Digital rehabilitation–specific challenges:
• Lack of technical knowledge or digital liter-

acy
• Connectivity issues

Overall challenges:Health systems • Irregular referral to well-equipped health
facilities• Consideration of rehabilitation as a less

important health care strategy that is not
well integrated into services

• Lack of medicines and services
• Shortage of health-related human resources

• Fragmented health services • Low attention from governments and under-
funding• Lack of community awareness on rehabili-

tation services • Limited rehabilitation centers and poorly
equipped rehabilitation units• Failure of the health system

Digital rehabilitation–specific challenges:
• Financial constraints

Discussion

Principal Findings
This review revealed that people with disabilities in SSA have
limited access to rehabilitation services. The limited access can
be explained partly by user, service provider, and health system
factors [8,13]. Studies included in this review [5,14] found that
rehabilitation was given less priority by governments and not
recognized as a crucial health care service. Consequently, the
sector faced underfunding; experienced a deficiency in
health-related human resources, particularly in therapists;

encountered a scarcity of rehabilitation centers; and witnessed
inadequately equipped rehabilitation units within health
facilities. This contributed to the compromised access to
high-quality rehabilitation services [5,14,15].

Another study reported that limited access to rehabilitation
services in SSA is attributed to the financial inability to afford
treatment, lack of insurance covering service expenses, long
waiting times at the health facilities, and lack of drugs at health
facilities [10]. Other studies have also found that some patients
lack psychological support, are unaware of where to find
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services, believe that nothing could be done to help them, and
are not involved in making decisions on their health [8,16].

This review identified stigma as an impediment to accessing
rehabilitation services. A study conducted in Rwanda [17] found
that stigma around disability, coupled with negative attitudes
and discrimination from therapists and other hospital staff,
negatively impacted the uptake of rehabilitation services.
Likewise, the role of family in accessing rehabilitation services
is well documented. Patients with family members who do not
perceive the need for rehabilitation services and who do not
trust service providers may be demotivated to seek rehabilitation
services [13,17,18]. Additionally, compromised access to health
information, irregularities in referral to health facilities that are
well equipped, inadequate policies and standards that govern
the services, lack of adequate follow-up, insufficient time for
consultations, and pain during the rehabilitation process are all
hindrances to accessing rehabilitation services [9,15].

This review found that people with disabilities in SSA lack
reliable, affordable, and accessible transportation means to reach
health facilities. Furthermore, long distances to services and
health units, unsuitable environments, and a lack of
wheelchair-accessible buildings prevent users from accessing
rehabilitation services. A review conducted in Brazil
documented patients’ determinants (residential location,
economic resources, and social characteristics) and
characteristics of services (cost, location, and status of the
available facilities) as factors that limit access to rehabilitation
services [8].

The results published by Bright et al [18] revealed that
compromised health systems, lack of professional training and
necessary skills for therapists, inappropriate treatment
procedures, and lack of maintenance for the assistive tools
reduce access to high-quality rehabilitation services. Health
care providers who have not received enough training may lack
the skills required to provide successful rehabilitation services.
This lack of competence implies that misdiagnoses or outdated
and inappropriate techniques could be used, causing harm to
patients.

The study conducted by Jones et al [5] on telerehabilitation
reported how digital rehabilitation services have addressed some
logistical challenges; however, they come with additional
challenges, including the absence of secure platforms and
privacy, inaccessibility to technology, and lack of technical
knowledge for both users and therapists [8]. Other challenges
identified include a failure to schedule online appointments,
connectivity issues, ethical challenges, and failure of the health
systems. Patients and health care providers may struggle to use

digital tools for rehabilitation, limiting the effectiveness of
remote health services. Additionally, the inability to schedule
and failure to maintain digital appointments may result in missed
sessions, decreased patient participation, and care delays. Health
systems face the challenge of poor policies that lead to a lack
of financial capacity to afford digital technologies in health
service delivery [19]. Digital technologies such as online
medical records, wearable devices, and telemedicine can
improve patient care and accessibility to health services,
particularly in hard-to-reach areas. When financial limitations
prevent the use of these technologies, patients may not receive
the necessary high-quality care on time.

This review discerned that religious beliefs, cultural norms, and
traditions that attribute disabilities to witchcraft or divinity serve
as deterrents for individuals with disabilities seeking
rehabilitation services at health facilities. A study conducted in
Rwanda found that people with mental disorders believe that
traditional and faith healers are more effective at treating mental
problems than hospital specialists [20]. Such cultural beliefs
dissuade people with disabilities from rehabilitation services,
casting doubt on their quality and efficacy. Uncertainties
regarding the precise origins of their conditions, which are often
intertwined with mystical beliefs, add to this dissuasion [21].

Considering the rehabilitation challenges identified in this
review, there is a need to bridge the gaps of infrastructure and
social and cultural awareness regarding disability and
rehabilitation services. This should be done by decentralizing
services, providing continuous professional training to therapists,
and promoting regular community awareness about
rehabilitation services to inform service seekers and break the
stigma around it. While this review has enumerated the
challenges to rehabilitation services in SSA, it is worth noting
that a majority of articles retained for consideration were scoping
and systematic reviews that examined other aspects of
rehabilitation. User and health system challenges were mostly
highlighted in comparison to service provider challenges, which
were limited in content.

Conclusion
This review reveals that rehabilitation services in SSA face
multifactorial challenges that negatively impact timely access
and quality of rehabilitation services for people with disabilities.
As a consequence, those who require rehabilitation services
experience longer periods of decreased mobility and functioning,
inferior quality of life, and lower socioeconomic well-being.
Future studies should examine the application of digital
technologies to improve rehabilitation services’ accessibility,
especially in remote settings.
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Data extraction table.
[DOCX File, 19 KB - humanfactors_v12i1e58841_app1.docx ]
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Abstract

Background: Health professionals face significant psychological burdens including burnout, anxiety, and depression. These
can negatively impact their well-being and patient care. Traditional psychological health interventions often encounter limitations
such as a lack of accessibility and privacy. Artificial intelligence (AI) chatbots are being explored as potential solutions to these
challenges, offering available and immediate support. Therefore, it is necessary to systematically evaluate the characteristics and
effectiveness of AI chatbots designed specifically for health professionals.

Objective: This scoping review aims to evaluate the existing literature on the use of AI chatbots for psychological health support
among health professionals.

Methods: Following Arksey and O’Malley’s framework, a comprehensive literature search was conducted across eight databases,
covering studies published before 2024, including backward and forward citation tracking and manual searching from the included
studies. Studies were screened for relevance based on inclusion and exclusion criteria, among 2465 studies retrieved, 10 studies
met the criteria for review.

Results: Among the 10 studies, six chatbots were delivered via mobile platforms, and four via web-based platforms, all enabling
one-on-one interactions. Natural language processing algorithms were used in six studies and cognitive behavioral therapy
techniques were applied to psychological health in four studies. Usability was evaluated in six studies through participant feedback
and engagement metrics. Improvements in anxiety, depression, and burnout were observed in four studies, although one reported
an increase in depressive symptoms.

Conclusions: AI chatbots show potential tools to support the psychological health of health professionals by offering personalized
and accessible interventions. Nonetheless, further research is required to establish standardized protocols and validate the
effectiveness of these interventions. Future studies should focus on refining chatbot designs and assessing their impact on diverse
health professionals.

(JMIR Hum Factors 2025;12:e67682)   doi:10.2196/67682

KEYWORDS

artificial intelligence; AI chatbot; psychological health; health professionals; burnout; scoping review

Introduction

Health professionals are on the front line of patient care,
enduring enormous responsibilities and constant pressure. Their
work often occurs in an environment in which they must make
life-and-death decisions, making them particularly vulnerable
to psychological burnout [1]. According to recent studies, more
than 50% of health professionals worldwide experience
symptoms of burnout, such as fatigue, cynicism, and decreased
effectiveness, leading to low job satisfaction [2], high turnover
[3], and low-quality patient care [4]. This phenomenon not only
causes an individual crisis but also has broader implications for

health care systems [2,4]. Since the COVID-19 pandemic,
psychological health issues such as anxiety, depression, and
burnout among health professionals have become more prevalent
because of long working hours, high-stress working
environments, and exposure to traumatic events [5]. These issues
directly affect health professionals’ well-being and work
performance and can ultimately negatively impact the quality
of health care [6]. Therefore, supporting the psychological health
of health professionals and preventing burnout are urgent
challenges.

While traditional face-to-face counseling has been used to
prevent psychological illness among health professionals, this
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method presents various limitations including temporal and
spatial constraints, limited availability of mental health
professionals, accessibility barriers, and anonymity concerns
[7-9]. Health professionals face significant challenges in
accessing psychological care owing to demanding work
schedules and high work intensity [10]. Additionally, they may
feel psychologically burdened when seeking help in situations
in which anonymity is not guaranteed [8]. To address these
challenges, artificial intelligence (AI) chatbots have emerged
as a potential solution, offering a new way to deliver
psychological health interventions that can compensate for the
limitations of traditional methods [7,8]. AI chatbots have the
potential to be accessible anytime and anywhere while
maintaining user anonymity, which may provide an alternative
approach to psychological health support [7].

Recently, rapid advances in AI and natural language processing
(NLP) have opened new possibilities for psychological health
interventions, with AI chatbots gaining particular attention in
the field of psychological health. Studies have demonstrated
the potential of AI chatbots—AI-driven conversational
agents—in providing mental health support [11] while
emphasizing the importance of their safe and explainable
implementation [12]. AI chatbots analyze users’ conversation
histories and data to provide advice and support tailored to their
specific needs. This can help health professionals better manage
psychological health issues, such as burnout, and enable timely
interventions tailored to individual situations [13]. Previous
research has shown that AI chatbots can improve coping skills
through natural conversations with users [7], enhance the user
experience, facilitate effective intervention delivery [13,14],
and provide interventions tailored to specific needs [13,14].
This conversational approach enhances the effectiveness of
interventions by fostering positive user engagement, as people
are more likely to empathize with and respond to tools that feel
engaging and relatable [6,7,14].

Despite the potential of AI chatbots for enhancing psychological
health, there remains a lack of research on their effectiveness
for health professionals. Much of the existing research has
focused on using AI chatbots in patient care, whereas relatively
little research exists on the use of AI chatbots to support health
professionals. This research gap highlights the need to
systematically investigate the characteristics and effectiveness
of AI chatbots that target health professionals. Therefore, this

study aimed to fill this gap and analyze the characteristics and
effectiveness of AI chatbot interventions targeting health
professionals to contribute to future research and practice.

Methods

Study Design
We conducted a scoping review to identify the available
evidence regarding AI chatbot interventions for health
professionals’psychological health. A scoping review maps the
relevant literature in the field and is useful for identifying gaps
in knowledge [15]. This review was conducted in accordance
with the scoping review framework of Arksey and O’Malley.
The study adopted the following five steps: (1) identifying the
research question; (2) identifying relevant studies; (3) study
selection; (4) charting the data; and (5) collating, summarizing,
and reporting the results. The five stages provided a structured
approach to assist in understanding the current evidence by
examining the literature. There was no rating of quality
performed on the included studies, as scoping studies do not
require a quality evaluation [16]. Therefore, a scoping review
is suitable for providing a broader perspective on the current
research and mapping the relevant literature on AI chatbot
interventions for health professionals’ psychological health.

Identifying the Research Question and Relevant
Studies
The research question was, “What is the status of the current
body of knowledge regarding AI chatbots for the psychological
health of health professionals?” According to Arksey and
O’Malley, the search strategy involves identifying relevant
studies, including published and unpublished works, with an
emphasis on being as comprehensive as possible [15]. A
literature search was performed between May and August 2024
from the following eight databases: seven global search engines
in English (Cochrane Library, CINAHL, Embase, ProQuest
Dissertations & Theses Global, PsyclNFO, PubMed, and Web
of Science) and one Korean search engine in Korean (Research
Information Sharing Service). Various combinations of search
terms (Textbox 1) were used to either broaden or narrow the
search, depending on the results in a specific database. The
reference lists of the retrieved studies were searched manually.
Finally, gray literature, relevant letters, and editorials were
searched.

Textbox 1. Query box

medical team OR medical staff* OR healthcare worker* OR healthcare provider* OR health personnel* OR health professional* OR doctor* OR
surgeon* OR physician* OR nurse* OR midwife* OR Licensed Practical Nurse* OR licensed vocational nurse* OR physician assistant OR nurse
practitioner OR clinical nurse specialist* OR nurse clinician* OR registered nurse* OR resident* OR therapist* OR pharmacist* OR nurse assistant*
OR nurse aid* AND burnout OR burn-out* OR depress* OR depression OR stress* OR exhaust* OR depersonalization OR personal accomplishment
OR anxiety* AND chatbot* OR artificial intelligence OR conversational agent* OR dialogue system* OR machine learning OR natural language
process*

Study Selection

Overview
Studies published before May 2024 were selected for this
review. The studies retrieved from the literature search were

reviewed by three researchers using the following inclusion and
exclusion criteria.

Inclusion Criteria
(1) The purposes of the studies included the development or
implementation of AI chatbot interventions. (2) Participants of
the studies included licensed health professionals such as
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physicians or surgeons, dentists, medical doctors, registered
nurses, licensed practice or vocational nurses, pharmacists, and
allied health professionals such as respiratory and physical
therapists. Studies that included nonhealth professionals in
addition to health professionals as part of their participants were
included if the main purpose of the AI chatbot was to alleviate
the psychological distress of health professionals. (3) The
intention of the AI chatbots was to improve the psychological
health of health professionals, focusing on outcomes such as
stress, burnout, depression, and anxiety. (4) The studies were
written in English or Korean.

Exclusion Criteria
Studies in which we could not retrieve the full text were
excluded.

A total of 2465 studies were retrieved from the initial database
search (Figure 1). After removing duplicates, 1766 studies
remained. The titles and abstracts were reviewed, and 1750
studies were excluded, leaving 16 studies for a full-text review.
Six studies completely met the inclusion criteria after full-text
review. Then, by reviewing the reference lists and manually
searching, five additional studies were obtained, of which four
studies met the criteria for the scoping review. Finally, 10
studies were included in this scoping review.

Throughout the review process, two researchers (GB and JH)
took the lead in data extraction, and all researchers reviewed
the content. Any uncertainties and disagreements were resolved
through weekly meetings. The literature review software
Covidence (Veritas Health Innovation Ltd), a study-managing
tool for collaborating researchers [17], was used to manage the
retrieved studies and to screen for redundant studies.
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Figure 1. Flowchart. AI: artificial intelligence.

Charting the Data
The data are presented in tables, summarized, and synthesized
qualitatively according to the purpose and research questions
of the review.

Collating, Summarizing, and Reporting the Results
The final stage of a scoping review involves collating,
summarizing, and reporting the results [15]. Data extraction
was performed by two researchers (GB and JH) and checked
for accuracy by all the researchers. Uncertainties and
disagreements were resolved through discussions. The data were
extracted using a common data extraction format.

Results

General Characteristics
Table 1 presents the characteristics of the analyzed studies. Ten
studies published between 2018 and 2024 were retrieved. The
studies were published worldwide: in Canada [7,18], Japan [19],
Malawi [20], Netherlands [21], Singapore [13,22], Spain [23],
and the United States [24,25]. Four studies examined diverse
health professionals, including doctors, nurses, nurse assistants,
clinical officers, pharmacists, lab technicians, and other allied
health professionals [20,21,23,26]. Two studies specifically
targeted doctors and nursing staff [13,27] such as nurse
practitioners, registered nurses, licensed practical nurses, and
nursing assistants, while one study exclusively covered chatbots
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for nurses [19]. Three studies identified their participants as
health professionals, without specifying the specific types
[7,18,22]. Of the ten studies, eight studies focused solely on
health professionals [13,19-23,26,27]. Two studies included
both health professionals and their families [7,18].

The study designs were diverse. Of the 10 studies, three were
development studies [18,23,27], one was a design verification

study [26], one was a pilot study [22], one was a randomized
controlled trial [20], one was a mixed-method feasibility study
[21], one was an intervention study [19], one was a
cross-sectional study protocol study [7], and one was a
qualitative study [13]. Three studies evaluated the development
and feasibility of AI chatbots for psychological health support
[23,26,27].
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Table . Study characteristics.

Publication typeAge (years), mean
(SD)

Sample size

(M:Fa ratio)

Source of partici-
pants

ParticipantsStudy designAuthor (year)/

country

Journal studyPrimary care and
health care profes-

Development studyAnmella et al
[27](2023)/Spain

••• Simulation
study: 36.5
(9.7)

Simulation
study: 17
(24:76)

GP referrals to

PCMHSPc

sionals; medical • Hospital
Clínic dedoctors (GPsb and •• Feasibility

and effective-
Feasibility
and effective-Barcelonaspecialists from di-

ness study:ness study: 34health profes-verse disciplines),
35.3 (10.12)(24:76)sionalsnurses, and nurse

assistants

Journal study34.98 (8.55)22 (9.1:90.9)Local medical ser-
vices departments

Health profession-
als in their work-

Design verification
study

Chaudhry and Is-
lam
[26](2021)/United
States

and health profes-
sionals’ mailing
lists

places during the
COVID-19 pandem-

ic; RNsd, NPse,

LPNf, CNAsg,

PAsh, RTi, PTsj,
students or intern
nurses

Journal studyN/A527 (N/A)kNational tertiary
health care cluster

Health profession-
als (types unspeci-
fied)

Pilot exercise (ser-
vice evaluation
study)

Chang et al [22]
(2024)/Singapore

Journal studyN/AOver 26,000 (N/A)UCSFlHealth profession-
als including facul-

Development and
usability study

Jackson-Triche et
al [23] (2023)/Unit-
ed States ty, staff, and

trainees across vari-
ous disciplines
within the health
care system

Journal studyN/A1584 (N/A) Com-
pleted: 511 (E=296,
C=215)

Public and private
health care facili-
ties within Blantyre
and Lilongwe dis-
tricts

Health profession-
als (doctors, nurses,
clinical officers,
medical assistants,
pharmacists, lab
technicians, physio-

Randomized con-
trolled trial

Kleinau et al [20]
(2024)/Malawi

therapy techni-
cians)

Master’s thesisHalf of the partici-
pants were aged 18
to 25 years

12 (8.3:91.7) (inter-
view participant=9)

Email using person-
al and iThrive con-
nections.

Health profession-
als (radiation ex-
pert, social worker,
nurse in training,

Mixed method fea-
sibility study (one
group pre-posttest
design)

Kroon
[21](2018)/Nether-
lands

training officer,
pedagogue, health
professional disabil-

ity care HRDm ad-
viser

Journal studyN/A70 (N/A)Two hospitals in
Tokyo

NursesIntervention studyMatsumoto et al
[19](2021)/Japan

Journal studyN/A2200 (N/A)The Canadian
provinces of Alber-
ta and Nova Scotia

Health profession-
als and their fami-
lies

Cross-sectional
study protocol

Noble et al
[7](2022)/Canada

Journal study29.6 (3.9)42 (24:76)Singapore general
hospital and com-

Frontline health
professionals (doc-
tors and nurses)

Qualitative studyYoon et al [13]
(2021)/Singapore

munity care facili-
ties (large scale in-
stitutional isolation
units)

Master’s thesisN/AN/AThe Canadian
provinces of Alber-
ta and Nova Scotia

Health profession-
als and their fami-
lies

Development studyZamani
[18](2022)/Canada
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aM:F: male:female.
bGP: general practitioner.
cPCMHSP: Primary Care Mental Health Support Program.
dRN: registered nurse.
eNP: nurse practitioner.
fLPN: licensed practical nurse.
gCNA: certified nurse assistant.
hPA: physician assistant.
iRT: respiratory therapist.
jPT: physical therapist.
kN/A: not available.
lUCSF: University of California, San Francisco
mHRD: human resource development.

AI Chatbot Characteristics
Table 2 shows the characteristics of the AI chatbots developed
or implemented in the retrieved studies. The types of AI chatbot
algorithms were diverse; NLP-based AI was the most commonly
used algorithm, appearing in six studies [7,13,18,19,21,23];
rule-based AI, an algorithmic method that does not learn from
data or create rules on its own, was used in two studies [20,22];
and learning-based AI that learns from data was adopted in two
studies [26,27]. AI chatbots were delivered through mobile apps
in six studies [13,19,20,22,26,27], and web-based platforms via
web links in four studies [7,18,21,23]. The interaction type in
all studies was 1:1 interaction: Among them, one study included
1:1 interaction alongside group chat functionality [26], and
another study included 1:1 interaction with optional human
coach support [22]. In seven studies, the chatbot actively
initiated the conversation [7,13,18-20,23,27], while in three
studies, the conversation was passively initiated [21,22,26].

Participant completion of the AI chatbot interventions was
reported in four studies [20,21,23,27]; among these, three studies
provided the percentage of participants who completed the
intervention: 14.3% [21], 67.7% [20], and 73% [27] while one
study reported the employee access rate of the intervention as
10.88% [27]. Of the 10 studies, six evaluated the AI chatbot’s
usability [13,20,22,23,26,27]. Four studies relied on participant
feedback: 54.6% rated it as useful [26], the average satisfaction
score was 4.07 out of five [22], more than 80% reported it as
helpful [23], and 91% of the users found the chatbot easy to use
[20]. One study used user engagement indicators to identify
high subjective usability (acceptability, usability, and
satisfaction) but low objective engagement (completion,
adherence, compliance, and engagement) [27]. Another study
assessed chatbot performance metrics, reporting an intent
detection accuracy of 99.1% and an entity extraction accuracy
of 95.4% for the Mira Chatbot [18]. Chatbot usability was not
evaluated in the remaining four studies [7,13,19,21].
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Table . AIa chatbot characteristics.

Chatbot us-
ability evalu-
ation

Completion
related

Initiates con-
versation

Interaction
type

Mode of de-
livery

AI algorithmAI chatbot
type

Purposes of
chatbot

Chatbot
name

Author
(year)/
Country

27% complet-
ed second

Active1:1 interac-
tion

Mobile appDigital deci-
sion support
platform

(PRESTOb)

To screen
anxiety, de-
pression, and
burnout with
interventions

VickybotAnmella et
al [27]
(2023)/Spain

• High
subjec-
tive

UEIc

(accept-

• Ma-
chine-
learn-
ing
severity
predic-

self-assess-
ment

ability,
tion usabili-
model ty, and

satisfac-
tion).

• Low
objec-
tive
UEI
(com-
pletion,
adher-
ence,
compli-
ance,
and en-
gage-
ment)

Not reportedPassive (on-
demand
queries)

iChatBot:
1:1 Peer-
Chat: group
chat

Mobile appIntelligent
chatbot

To provide
stress man-
agement sup-
port during
COVID-19

iChatBot (AI
O) PeerChat
(AI X)

Chaudhry
and Islam
[26]
(2021)/Unit-
ed States

• 54.6%
partici-
pants
rated
the app
as ei-

• iChat-
Bot:
ma-
chine
learn-
ing

thermodel
useful• Peer-

Chat: or very
usefulimmedi-

ate • 59.1%
partici-commu-

nica- pants
tion were
with ex- willing
pert to use it
peers

Not reportedPassive1:1 interac-
tion with op-

Mobile appConversa-
tional chat-
bot

To evaluate
Wysa for
health profes-
sionals’ sup-
port

WysaChang et al
[22]
(2024)/Singa-
pore

• High
engage-
ment
rate
with
positive

• Rule-
based
AI
model

tional human
coach sup-
port

feed-
back
(91~93.2%)

• Mean
feed-
back
score of
4.07
(SD
0.95)
out of 5
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Chatbot us-
ability evalu-
ation

Completion
related

Initiates con-
versation

Interaction
type

Mode of de-
livery

AI algorithmAI chatbot
type

Purposes of
chatbot

Chatbot
name

Author
(year)/
Country

• >80%of
atten-
dees re-
ported
the ex-
peri-
ence as
helpful

10.88% of
employees
accessed the
chatbot

Active1:1 interac-
tion

Web-based
interface

• Natural
lan-
guage
model

An algo-
rithm-based,
automated,
web-based
AI conversa-
tional tool

To provide
behavioral
health sup-
port via chat-
bot

UCSFd CopeJackson-
Triche et al
[23]/United
States

• 91%
found
the app
easy to
use;
87%
found
the con-
tent rel-
evant;
92%
benefit-
ed from
the app,
and
83%
felt
more
re-
silient

• Com-
mon
barri-
ers:
lack of
time
(45%),
app du-
ration
(30%),
and us-
ability
issues
(13%)

Of 1584 par-
ticipants,
511 complet-
ed

Active1:1 interac-
tion

Mobile app• Rule-
based
AI
model

Automated
conversation-
al agent

To assess
chatbot im-
pact on men-
tal health in
Malawi

Viki
(Vitalk’s vir-
tual mental
health care
assistant)

Kleinau et al
[20]
(2024)/Malawi

• N/Ae12 of 14 par-
ticipants in-
cluded in the
final analysis

Passive
(users initi-
ate interac-
tion with the
chatbot)

1:1 interac-
tion

Web-based
interface

• Natural
lan-
guage
model

Prepro-
grammed
conversa-
tions and in-
teraction

To help
health profes-
sionals man-
age inner
critics and
enhance self-
compassion

iThriveKroon [21]
(2018)/Nether-
lands

• N/ANot reportedActive1:1 interac-
tion

Mobile app,

VRg
• Natural

lan-
guage
model

Digital deci-
sion support
platform

To support
mental
health self-
care for busy
profession-
als, especial-
ly nurses

CBf app (a
chatbot app)

Matsumoto
et al [19]
(2021)/Japan

• N/ANot reportedActive1:1 interac-
tion

Web-based
platform

• Natural
lan-
guage
model

Hybrid NLPi

and decision
tree AI chat-
bot

MIRAhNoble et al
[7](2022)/Cana-
da
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Chatbot us-
ability evalu-
ation

Completion
related

Initiates con-
versation

Interaction
type

Mode of de-
livery

AI algorithmAI chatbot
type

Purposes of
chatbot

Chatbot
name

Author
(year)/
Country

To provide
tailored men-
tal health in-
formation
and services
for health
professionals
and their
families

• N/ANot reportedActive1:1 interac-
tion

Mobile app• Natural
lan-
guage
model

N/ATo support
frontline
health profes-
sionals’s
psychosocial
well-being
during
COVID-19

mHealthj

app

Yoon et al
[13](2021)/Sin-
gapore

• Intent
detec-
tion:
99.1%
accura-
cy in
identify-
ing user
needs

• Entity
extrac-
tion:
95.4%
accura-
cy in
recog-
nizing
key
terms
for re-
source
recom-
menda-
tions.

Not reportedActive1:1 interac-
tion

Web-based
platform

• Natural
lan-
guage
model

Hybrid NLP
and decision
tree AI chat-
bot

To offer
strategic
mental
health re-
sources for
health profes-
sionals and
their families

MIRAZamani [18]
(2022)/Cana-
da

aAI: artificial intelligence.
bPRESTO: primary care digital support tool in mental health.
cUEI: user engagement indicator.
dUCSF cope: University of California, San Francisco faculty, staff, and trainee coping and resiliency program.
eNot available.
fCB: cognitive behavioral.
gVR: virtual reality
hMIRA: mental health intelligent information resource assistant.
iNLP: natural language processing.
jmHealth: mobile health.

AI Chatbot Intervention Characteristics and Outcomes
Table 3 lists the contents and outcomes of the AI chatbot
interventions. The primary component is the screening function
for mental health conditions such as anxiety, depression, and
stress, which was included in seven studies [19-23,26,27]. Four
studies included cognitive behavioral therapy techniques

[13,20,22,27]. Additionally, four studies implemented stress
management techniques, such as breathing exercises and
meditation [13,19,20,22]. Three studies incorporated
problem-solving strategies [7,18,22] and psychoeducation
[19,22,27]. Two studies used behavioral activation [20,22],
cognitive restructuring [21,22], and gratitude training [20,22].
One study featured storytelling [21]. In addition, there was a
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function to support portal sites connected to community resources in three studies [7,18,23].
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Table . AIa chatbot intervention characteristics and outcomes.

Main outcomesIntervention dosesAdditional featuresChatbot contentsAuthor (year)/ country

Anmella et al
[27](2023)/Spain

• Anxiety (t8=1.000;
P=.34) and Depressive
(t8=0.40; P=.70) symp-

• 1 month (self-assess-
ments conducted at
baseline and biweekly)

• Emergency alert for
suicidal thoughts

• Screening and monitor-
ing for self-assessment
tools • Weekly objective re-

minders• Personalized psycholog-

ical modules: CBTb,
toms were not signifi-
cant differences• Audio recording option

for reflections after
mindfulness, DBTc, • Work-related burnout

was moderately re-self-assessments
and ACTd

duced (z=–2.07, P=.04,
• Psychoeducation and

coping strategies for
r=0.32)

stress management
• Chatbot-guided naviga-

tion

Chaudhry and Islam [26]
(2021)/United States

• Usefulness and willing-
ness: 54.6% found the
app useful; 59.1% will-

• N/Ae• AssignedTasks:
records stress levels
and task completion

• iChatBot—provides
real-time answers (self-
monitoring and stress-

ing to use it.timestracking information
related to patient care • Six feature feedback:

MyNotifications: use-
• MyNotifications:

Sends reminders forand workplace stress
management) ful reminders; Peer-health activities like

Chat: positive for peersleep, exercise, and
• PeerChat—enables

peer-to-peer support
support; Assigned-
Tasks: good for track-

meals
• SmartMonitor: con-

nects with devices to ing, but time-consum-
ing; InfectionCheck:track vitals (eg, blood
useful, potential redun-pressure, oxygen,
dancy; StressMonitor:pulse, and temperature)
very helpful for cop-• InfectionCheck: Manu-

al COVID-19 symptom ing; iChatBot: concerns
about emergency re-checker via chatbot
sponsiveness

Chang et al [22](2024)/Sin-
gapore

• 495 completed at least
one full session; 422
completed two or more

• Varied among users
(on average, users
completed 10.9 ses-

• Option to connect with
a human coach

• Mental health assess-
ments: anxiety—GAD-

7f, depression— • Weekly objective re-
minders and notifica- sessionssions over 3.80 weeks)

PHQg-2 tions • The interventions most
used were for sleep and• Intervention modules:

mindfulness, sleep • Gratitude challenge to
boost engagement anxiety, with a strong

meditation, guided visu- repeat-use rate• Audio recording for
self-reflectionalization, thought

recording, behavioral • 46.2% reported symp-
toms of anxiety

activation, psychoedu-
• 15.2% reported symp-

toms of depressioncation, breathing exer-
cises, cognitive restruc-
turing, acceptance,
grounding, social sup-
port, problem-solving,
habit building, grati-
tude training

Jackson-Triche et al [23]
(2023)/United States

• UCSFh cope reached
all units

• Varied based on user
interaction

• Telehealth assessments
for crisis evaluation

• Mental health assess-
ment screening: suicide
or self-harm thoughts, • Self-management web-

site offering curated
• 10.88% (3785/34,790)

of employees accessedsubstance use con-
cerns, emotional dis- resources the technology
tress, social withdrawal • In-person navigator for

personalized support
• 39.7% (708/1783) of

employees with psycho-and work-related strug-
gles, resource naviga- • Support groups with

regular peer meetings
logical distress request-
ed in-person servicestion

• Web-based self-care
resources

• Positive feedback on
all program elements.

• Behavioral health ser-
vices: emergency sup-

• Over 80% of attendees
found the experience

port helpful
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Main outcomesIntervention dosesAdditional featuresChatbot contentsAuthor (year)/ country

• GAD-7 showed a de-
crease (–0.44), but the
result was not statisti-
cally significant.

• OLBI showed a de-
crease (–0.58), with
borderline significance.

• PHQ-9 showed a signif-
icant decrease.

• UCLA loneliness scale:
no significant

• RS-14 showed a signif-
icant increase.

• 8 weeks -First 4 weeks:
daily interactions

• Second 4 weeks: inter-
actions every other day

• Mood tracking with
emojis for human-like
interaction

• Gamification for en-
gagement

• Emergency support
with local psychologist
contact info for high-
risk users

• Mental health assess-
ments: anxiety (GAD-
7), depression (PHQ-

9), burnout (OLBIi),
loneliness (UCLA

Loneliness Scale)j, re-

silience (RS-14)k

• Careline programs
(thematic mental health
conversation tracks)

• Intervention: CBT
techniques, positive
psychology strategies,
behavioral activation,
gratitude exercises,
breathing, relaxation,
and meditation exercis-
es,

Kleinau et al
[20](2024)/Malawi

• ProQOLl and SCSm no
significant.

• Quantitative results: no
significant changes in
self-compassion or
compassion fatigue.

• Qualitative results:
Positive feedback on
the iThrive interven-
tion, with increased
awareness of inner
critics and changes in
thinking patterns.

• Chatbot interactions
reportedly reduced
stress and improved
self-compassion.

• 2 weeks• Humor: adds humor for
engaging interactions

• Tokens: rewards for
task completion

• Compliments: encour-
ages users with motivat-
ing feedback

• Awareness of inner
critics: storytelling, en-
couraging reflection

• Identification of inner
critics: assessment tool

• Cognitive restructuring
techniques

• Self-compassion devel-
opment

Kroon [21](2018)/Nether-
lands

• Self-esteem and family
support significantly
improved.

• Self-repression showed
a trend of improvement
but was not significant.

• SDS scores and coun-
seling needs increased

in the VR + CBp

group.
• Maximal blood pres-

sure decreased signifi-
cantly in the VR group
and showed a decreas-
ing trend in the VR +
CB group.

• Minimal blood pres-
sure significantly de-
creased in the VR
group.

• 4 weeks• Automated daily mes-
sages with reminders
and psychoeducational
content

• Gamification elements
such as progress track-
ing

• Immersive VRo experi-
ences

• Digital-SATn method:
self-guided stress man-
agement, techniques to
convert stress-related
physical discomfort in-
to positive sensations,
image-based therapeu-
tic exercises

• Mental health assess-
ments: self-esteem,
anxiety, emotional
support, depression,
problem-solving abili-
ties

• Stress management:
guided stress relief ses-
sions, emotional stabi-
lization exercises, visu-
alization techniques

Matsumoto et al
[19](2021)/Japan

• The findings will be
reported in follow-up
research

• N/A• Mental health educa-
tion and information:
problem-solving

• Personalized resource
navigation

• Self-help strategies and
coping skills

Noble et al [7](2022)/Cana-
da

JMIR Hum Factors 2025 | vol. 12 | e67682 | p.180https://humanfactors.jmir.org/2025/1/e67682
(page number not for citation purposes)

Baek et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Main outcomesIntervention dosesAdditional featuresChatbot contentsAuthor (year)/ country

• Emergency contacts for
urgent mental health
support

• Hybrid AI approach:
free-text input and pre-
defined options

• Crisis support referrals
for suicidal thoughts

• Mood-tracking re-
minders were helpful,
but workers struggled
with self-awareness.

• Goal-setting and re-
sources were valued;
frequent notifications
were distracting.

• A built-in counselor
chat was preferred for
accessibility and priva-
cy.

• Gamification was not
well-received.

• Peer support was need-
ed, but app-based inter-
actions raised con-
cerns.

• Motivation, usability,
and rewards were cru-
cial for app use.

• N/A• In-app counseling and
peer support

• Reminders and notifica-
tions

• Gamification elements:
point-based rewards

• Engaging features to
promote continued app
use

• Mood tracking and
progress monitoring

• Personalized goal set-
ting: tailored goals for
lifestyle improvements
(eg, sleep, exercise),
feedback on progress
to encourage behav-
ioral changes, re-
minders to support ad-
herence to personal
goals

• Educational resources:
mindfulness exercises
and short wellness
studies, stress manage-
ment techniques

Yoon et al [13](2021)/Singa-
pore

• Intent detection: 99.1%
accuracy in identifying
user needs.

• Entity extraction:
95.4% accuracy in rec-
ognizing key terms for
resource recommenda-
tions.

• N/A• Emergency contact op-
tion for users experienc-
ing distress

• Stores conversation
logs

• Feedback system

• Information on mental
health topics, including
substance use and cop-
ing strategies: problem-
solving

• Delivers personalized
recommendations

• Facilitates access to lo-
cal mental health ser-
vices and programs
through a resource por-
tal

Zamani [18](2022)/Canada

aAI: artificial intelligence.
bCBT: cognitive behavior therapy.
cDBT: dialectical behavioral therapy.
dACT: acceptance and commitment therapy.
eN/A: not available.
fGAD-7: general anxiety disorder-7.
gPHQ: patient health questionnaire.
hUCSF cope: University of California, San Francisco faculty, staff, and trainee coping and resiliency program
iOLBI: Oldenburg burnout inventory.
jUCLA: University of California, Los Angeles loneliness scale.
kRS-14: 14-item resilience scale.
lProQOL: Professional Quality of Life Scale.
mSCS: Self-Compassion Scale
nSAT: structured association technique.
oVR: virtual reality.
pVR-CB: virtual reality-chatbot.
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Across the studies, a variety of additional features were
incorporated. Seven studies included AI chatbot functionalities
for crisis management and support [7,13,18,20,22,27]. Specific
features encompassed emergency contact information for crises
[7,18,20,27], peer support groups and in-app forums for social
support [13], expert support through in-app counseling, and
options for connecting with human coaches [13,22,23]. Six
studies incorporated reminders to encourage chatbot use
[13,18,19,22,26,27]. Gamification elements, such as point-based
rewards to encourage participation, were featured in four studies
[13,19-21]. Peer support functionalities were available in three
studies [13,23,26]. Two studies included mood-tracking features
for health and lifestyle management [13,20], while another two
studies provided an audio recording option [22,27]. Additionally,
one study integrated devices for tracking vital signs [26] and
provided an immersive virtual reality experience [19]. A total
of 4 out of 10 studies explicitly stated the duration of chatbot
use or intervention dose ([19]: 4 wk; [20]: 8 wk; [21]: 2 wk;
[23]: 1 mo) while it was not specified in six studies. The dose
varied among users in two studies [22,23].

The research in four studies evaluated psychological health
outcomes [19-21,27], whereas, in six studies, the focus was
primarily on the development and description of user perceptions
of the AI chatbot without providing specific outcome measures
[7,13,18,22,23,26]. The most commonly measured psychological
health outcomes were anxiety and depression, which were
examined in three studies [19,20,27]. Burnout was investigated
in two studies [20,27]. Compassion fatigue [21], loneliness [20],
resilience [20], and self-compassion [21] were also evaluated.
Anxiety was measured in three studies: one reported a significant
reduction of scores [20] while the other two reported no
significant differences in anxiety scores [19,27]. Burnout was
assessed in two studies, and each reported a significant decrease
in its scores [20,27]. Depressive symptoms were measured in
two studies: one reported a significant reduction of scores [20]
while the other did not [27]. Other psychological variables were
measured in one study each; of those, the variables that showed
significant change in scores were health counseling needs [19]
and resilience [20].

Discussion

Principal Results
The studies retrieved for this scoping review were published
during the past seven years, between 2018 and 2024, and reflect
the rapidly evolving trend of AI chatbot technology for
supporting psychological health. The global distribution of
studies across countries indicates a widespread interest in using
AI for psychological health support and health professionals’
psychological health.

Our review revealed that chatbots were used by a broad
spectrum of health professionals, highlighting their diverse
applications. This diversity underscores the potential for
universally designed chatbots to effectively address
psychological health needs across different professional settings.
However, prior research has shown that nurses, who have direct
and continuous patient contact, experience greater mental health
distress compared to other health professionals [24]. Therefore,

future studies should consider incorporating role-specific options
into chatbot designs to create tailored interventions for diverse
professional groups.

The diverse research methods used in the retrieved studies
signify the nascent stage of research on AI chatbots for
psychological health support, emphasizing technology
refinement and user experience comprehension. Such a variety
of research approaches is crucial for validating the efficacy and
safety of AI chatbot technology, enabling iterative improvements
and a deeper understanding of how health professionals interact
with AI chatbots [25]. However, it is noteworthy that only 4
out of 10 studies measured psychological health outcomes. This
limitation underscores the significant gap between technological
developments and clinical validation. As the field matures, it
becomes imperative to quantitatively assess the impact of AI
chatbots on psychological health indicators. Further studies
measuring outcome variables to demonstrate the clinical
effectiveness of AI chatbots are needed.

The studies reviewed here demonstrate the variety of AI
algorithms used in chatbot design, including NLP-based-, rule-,
and learning-based approaches. NLP-based AI chatbots which
provide personalized responses by analyzing user inputs [28]
are the most commonly used AI algorithms. Evidence has shown
that an NLP-based AI chatbot, which simulates natural
conversations, is successful at delivering tailored interventions
[29]. Rule-based AI algorithms, adopted in 2 studies out of the
10 retrieved studies, are effective in providing fixed and
predetermined responses; however, they lack the adaptability
required to provide more dynamic and engaging psychological
interventions [30]. Previous research has shown that NLP
technology, which interprets psychological health cues from
user-generated texts, significantly improves the effectiveness
of interventions [31,32], a finding consistent with our review
[7,13,18,19,21,23]. Moreover, the development of deep learning
techniques has led to the widespread use of general-purpose
pretrained language models in various NLP applications [33].
This suggests that NLP-based algorithms are particularly suitable
for delivering personalized psychological support in real-time
interactions. Machine learning and deep learning algorithms
show promise in enhancing AI chatbots’ effectiveness by
continuously learning through user interactions. These
algorithms can provide accurate and personalized interventions
over time [34]. Future studies should investigate how these
advanced algorithms can be used to offer more precise
psychological support tailored to individual user experiences.

User engagement is a critical factor in the success of mental
health interventions; however, several studies did not report
intervention completion rates [20,21,23,27]. These issues might
become more pronounced in real-world settings, where factors
such as interface complexity, the chatbot’s ability to provide
meaningful and personalized feedback, and technical issues
impact the overall user satisfaction and perceived effectiveness
of the intervention [35]. This underscores the need for further
exploration of how chatbot interactions can be designed to
maintain user engagement, possibly through improved user
experiences and personalization techniques [36,37]. From a
different perspective, unlike traditional interventions, which are
typically designed to be completed from start to finish, chatbot
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interactions often do not follow this linear structure. Users may
terminate interactions once their immediate concerns are
addressed, reflecting the unique flexibility of chatbots [38]. For
instance, if a chatbot provides critical information for crisis
management and the user responds affirmatively, the user is
likely to exit the chat after their need is met. This immediate
resolution highlights the efficiency of chatbot interventions in
addressing user concerns promptly, even if the interaction
appears incomplete. Recognizing this distinction is essential
for accurately interpreting dropout rates and evaluating chatbot
effectiveness.

The AI chatbots reviewed here comprised various therapeutic
approaches. The incorporation of established psychological
treatment techniques such as cognitive behavioral therapy,
mindfulness, and dialectical behavior therapy into AI chatbots
represents a novel approach to delivering psychological health
interventions. This approach is considered novel because it uses
AI to deliver evidence-based psychological techniques 24/7,
serve multiple users simultaneously, tailor interventions based
on individual responses, and combine various therapeutic
modalities on a single platform.

This multidisciplinary therapeutic approach has the potential
to address health professionals’ diverse psychological needs
[31]. AI chatbot interventions are characterized by a digital and
responsive design, which allows for integrating practical tools
such as stress management techniques, mood tracking, and
personalized goal setting [39]. These features align with the
immediate and personalized support often required by health
professionals. However, while personalization is a key advantage
of AI chatbots, a need also exists for some level of
standardization to ensure the interventions’ quality and
effectiveness [40]. This standardization should focus on
establishing evidence-based core components and assessment
methods while still allowing for personalized delivery [31].
Future research should focus on identifying the most effective
components of these chatbots and tailoring them to the specific
psychological health needs of health professionals while
maintaining a balance between standardization and
personalization.

In this study, a temporary increase in depression scores was
observed in one study [20], whereas previous research has
reported AI chatbots’ positive effects in reducing anxiety,
depression, and work-related burnout among health professionals
[41]. These contrasting findings may reflect the challenges faced
by such professionals, who frequently experience high levels
of stress and emotional demands [42]. This suggests the
complexity of psychological interventions and highlights the
importance of careful monitoring to determine the appropriate
duration and intensity of chatbot use.

Some studies in our review demonstrated the potential of AI
chatbots to act as first-line responders in identifying and
managing mental health crises. Prior research has also shown
the potential benefits of AI chatbots not only in improving
mental and emotional well-being but also in promoting
behavioral changes [43]. While these features may only benefit
a subset of users, their impact on preventing escalation to severe
mental health conditions or emergencies is invaluable. Future

research should prioritize the integration and evaluation of these
features to enhance the safety and efficacy of chatbot
interventions.

Although AI chatbots address the unique time constraints and
stress among health professionals, balancing automated
responses with genuine therapeutic interactions remains a
significant challenge. Personalization technologies that provide
tailored features to AI chatbots have emerged as key factors in
their effectiveness, with studies reporting increased user
engagement and satisfaction through customized responses and
immediate support [29]. Consequently, the development of
tailored intervention strategies that consider the individual needs
and preferences of health professionals is essential to maximize
AI chatbots’ effectiveness. These strategies should integrate
ongoing user feedback and dynamically adapt interventions to
maintain long-term user engagement and effectiveness. Future
research should focus on larger sample sizes, extended follow-up
periods, and diverse health care professional groups of health
professionals. Such comprehensive studies will play a crucial
role in developing evidence-based guidelines for implementing
AI chatbots in psychological health and in advancing the
sophistication of personalization algorithms.

Limitations
This scoping review has several limitations. First, the limited
number of studies adopting diverse study designs and using
various AI algorithms complicated making direct comparisons
among the retrieved studies. Second, the findings’
generalizability is restricted because many studies were
published in specific regions, particularly high-income countries.
Additionally, the short duration of many interventions and
limited follow-up periods make it difficult to evaluate the
long-term effectiveness and sustainability of AI chatbots. Future
research should address these limitations by conducting more
rigorous trials, standardizing the outcome measures, and
exploring the long-term applications of AI chatbots across
diverse populations and settings.

Conclusions
This scoping review explored the current state of AI chatbots
aimed at supporting the psychological health of health
professionals. Although the reviewed studies demonstrated AI
chatbots’ potential to reduce stress, anxiety, depression, and
burnout, research in this area remains in its early stages. The
diversity of study design, AI algorithms, therapeutic approaches,
and outcome measures highlights this field’s innovative but
fragmented nature.

Despite promising results, particularly with NLP-based chatbots,
a significant need exists for more rigorous and standardized
studies to fully evaluate their clinical efficacy. Challenges such
as usability issues and limited generalizability of the findings
must be addressed to enhance the long-term application and
effectiveness of AI chatbots in real-world settings. Future
research should focus on refining chatbot designs, expanding
the research to diverse populations, and conducting long-term
studies to clarify the role of AI chatbots in supporting the
psychological health of health professionals. Thus, AI chatbots
could become a valuable solution for addressing the
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psychological health challenges faced by health professionals worldwide.
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Abstract

Background: Antimicrobial resistances pose significant challenges in health care systems. Clinical decision support systems
(CDSSs) represent a potential strategy for promoting a more targeted and guideline-based use of antibiotics. The integration of
artificial intelligence (AI) into these systems has the potential to support physicians in selecting the most effective drug therapy
for a given patient.

Objective: This study aimed to analyze the feasibility of an AI-based CDSS pilot version for antibiotic therapy in sepsis patients
and identify facilitating and inhibiting conditions for its implementation in intensive care medicine.

Methods: The evaluation was conducted in 2 steps, using a qualitative methodology. Initially, expert interviews were conducted,
in which intensive care physicians were asked to assess the AI-based recommendations for antibiotic therapy in terms of plausibility,
layout, and design. Subsequently, focus group interviews were conducted to examine the technology acceptance of the AI-based
CDSS. The interviews were anonymized and evaluated using content analysis.

Results: In terms of the feasibility, barriers included variability in previous antibiotic administration practices, which affected
the predictive ability of AI recommendations, and the increased effort required to justify deviations from these recommendations.
Physicians’ confidence in accepting or rejecting recommendations depended on their level of professional experience. The ability
to re-evaluate CDSS recommendations and an intuitive, user-friendly system design were identified as factors that enhanced
acceptance and usability. Overall, barriers included low levels of digitization in clinical practice, limited availability of cross-sectoral
data, and negative previous experiences with CDSSs. Conversely, facilitators to CDSS implementation were potential time
savings, physicians’ openness to adopting new technologies, and positive previous experiences.

Conclusions: Early integration of users is beneficial for both the identification of relevant context factors and the further
development of an effective CDSS. Overall, the potential of AI-based CDSSs is offset by inhibiting contextual conditions that
impede its acceptance and implementation. The advancement of AI-based CDSSs and the mitigation of these inhibiting conditions
are crucial for the realization of its full potential.

(JMIR Hum Factors 2025;12:e66699)   doi:10.2196/66699

KEYWORDS

CDSS; use case analysis; technology acceptance; sepsis; infection; infectious disease; antimicrobial resistance; clinical decision
support system; decision-making; clinical support; machine learning; ML; artificial intelligence; AI; algorithm; model; analytics;
predictive models; deep learning; early warning; early detection
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Introduction

Sepsis infections caused by pathogens with antimicrobial
resistance (AMR) represent a significant global challenge in
health care [1,2]. In 2017, there were 48.9 million new cases of
sepsis and 11 million deaths related to sepsis, accounting for
19.7% of all global deaths [3]. In Germany, sepsis incidence
increased by an average of 5.7% per year, from 280 cases in
2010 to 370 cases in 2015 per 100,000 individuals [4]. A recent
meta-analysis indicated that the 30-day mortality rate for sepsis
in Germany was estimated to be 26.5%, which is consistent
with the observed rates in North America and Europe [5].
Furthermore, over 1.27 million deaths per year are attributed
to AMR worldwide. In 2019, there were 9650 deaths attributable
to AMR (mortality rate of 5 per 100,000) and 45,700 deaths
associated with AMR (mortality rate of 22 per 100,000) in
Germany [6]. Recent data from Germany show heterogeneous
trends in AMR proportions of infected patients underscoring
the urgent need for enhanced infection prevention measures to
limit AMR spread [7]. Inappropriate antibiotic prescribing
represents a significant contributing factor [8]. In particular, the
prolonged or improper use of nonspecific, broad-spectrum
antibiotics is highly problematic, as these antibiotics provide
symptomatic relief but also facilitate the development of
resistance in other bacteria [9,10].

Clinical decision support systems (CDSSs) provide a solution
for promoting targeted and guideline-based antibiotic prescribing
[11-13]. CDSSs adopt a variety of forms and are integrated into
routine practice. Despite their diverse nature, they share a
common objective: to assist medical professionals in identifying
the most appropriate form of therapy for each patient, based on
existing data and established guidelines, through the use of
programmed algorithms or artificial intelligence (AI) [14,15].
In the context of CDSSs, previous studies have demonstrated
a decrease in antibiotic prescription rates, more rapid initiation
of appropriate antibiotic therapy for patients, and improved
clinical outcomes, such as reduced mortality, increased
antibiotic-free days, and fewer medical complications [16-19].
However, CDSSs do not always improve clinical practice [20].
For example, there is still insufficient evidence to conclusively
show positive effects on therapy duration, dosage, or adherence
to clinical guidelines [11,16,21].

Despite the growing body of research on AI-based CDSSs in
intensive care units (ICUs) [22,23], there is a notable gap in the
implementation of AI tools in routine care in general [24] and
the availability of AI-based CDSSs for sepsis in the German
health care system. The KINBIOTICS (translated as “AI-based
decision support for antibiotic therapy”) project, funded by the
German Federal Ministry of Health, aimed to train AI-based
algorithms and improve the prediction of suitable antibiotics
for sepsis infections on the basis of a comprehensive data set.
In addition to the development of an AI-based CDSS, a
cross-sectoral resistance observatory and a new rapid test for
sequencing the antibiotic genome were developed [25].

Engaging clinicians in the design and development of CDSSs
is often suggested as a strategy to enhance the alignment
between the system and the needs of its users [26-28]. Interviews

and expert groups are approaches used for preimplementation
clinician involvement [29]. Insights into clinicians’ views
provide valuable information on the barriers and facilitators
that affect their willingness to adopt and use CDSSs in practice
[30]. By examining clinicians’ perceptions, the study seeks to
inform targeted strategies to improve the CDSS’s design,
usability, and relevance, thereby promoting more effective and
widespread adoption in clinical practice.

This study aimed to perform a use case analysis of a pilot
version of the AI-based CDSS within an ICU setting. The
objective was to analyze the clinical decision-making processes,
and adopt a more comprehensive perspective on the factors that
facilitate or hinder the future implementation of such a system.

Methods

Reporting is based on the Standards for Reporting Qualitative
Research (SRQR) [31]. The SRQR checklist is provided in
Multimedia Appendix 1.

Study Design and Setting
A 2-stage base model (random forest at both stages) was
developed for the initial therapy using patient data, laboratory
data, and clinical data. Subsequently, the model was optimized
using a variety of parameters, including the number of decision
trees and tree depth (the model specifications and results will
be published separately once the AI-based CDSS model has
been finalized). The developed model was trained and tested
on data from 1 of the 3 participating clinics and then evaluated
for robustness using data from a second clinic. Although the
performance of the underlying AI model was insufficient in
terms of accuracy, specificity and sensitivity at the time of the
evaluation, it was crucial at this time to gain insights into the
decision-making mechanisms of the physicians. This was
undertaken in order to scrutinize the variables included in the
initial model and, where necessary, to supplement or adjust
them. Accordingly, the preliminary prototype was not modified
during the interview phase. However, subsequent to the
interviews, the model underwent alterations and is still under
development.

The pilot version of the AI-based CDSS was evaluated in a
2-stage semistructured qualitative process [32]. With regard to
feasibility, physicians were each shown 5 exemplary sepsis
patient cases in a desktop version of the CDSS. Cases were
selected randomly from the evaluation dataset and were identical
for each interviewee. In addition to basic patient information,
this contained relevant vital parameters, and the treatment
recommendation determined by the AI-based CDSS (Figure 1).
This antibiotic therapy recommendation was presented to the
physicians both for the admission situation to the ICU (initial
treatment; the start of antibiotic therapy) and for a possible
therapy correction at the time the microbiological findings were
available (re-evaluation; usually 48-72 hours after start of
antibiotic therapy). The physicians were informed during the
individual interviews that the CDSS is still in a pilot status and
that the recommendations are likely not yet reliable. The
physicians were asked to assess and evaluate the intensive care
situation at both time points as well as the AI-based model
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recommendation for antibiotic therapy. In addition to the
plausibility of the content of the therapy recommendations, the

design and layout of the pilot version were evaluated.

Figure 1. Screenshot of the pilot version of the artificial intelligence–based clinical decision support system.

Following the individual interviews, physicians from each clinic
were interviewed again as part of a focus group interview. The
theoretical focus here was on technology acceptance of AI-based
CDSSs and the identification of challenges and conductive
conditions with regard to future implementation.

Expert Selection
Expert interviews were conducted with intensive care physicians
from the 3 clinical centers involved in the project at the
University Medical Center East Westphalia-Lippe. The
interviews were conducted on a voluntary basis and the potential

participants were selected by the respective project partners in
the 3 clinical centers.

Data Collection
Between October and November 2023, the face-to-face expert
interviews and focus groups were conducted. The interview
guideline (Textbox 1) for the focus group interviews was
developed on the basis of the extended Unified Theory of
Acceptance and Use of Technology (UTAUT 2) [33,34]. The
UTAUT has recently being used to explain technology adoption
among health care practitioners’ intention to use AI-based
CDSSs [35].
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Textbox 1. Interview guideline for the focus groups (based on the Unified Theory of Acceptance and Use of Technology 2).

• Opening question

• What were the objectives of today’s meeting?

• Questions about the tool

• Please describe your impressions of the KINBIOTICS user interface.

• What information may have been lacking in your medical decision-making process that led to the prescription of antibiotics?

• Please indicate which aspects you consider to be beneficial for a potential application.

• What additional functions would be beneficial to include in the KINBIOTICS user interface to ensure effective utilization in routine clinical
practice?

• Questions regarding the use of artificial intelligence (AI) in general

• To what extent do digital tools contribute to the processes undertaken in your day-to-day work?

• Please indicate which digital applications you currently use in your professional activities.

• Please indicate which digital health applications you use in your private life.

• Please indicate your opinion on the utilization of AI, and provide your expectations regarding the implementation of AI in healthcare, both in
general and on your ward.

• Please describe your previous experience of contact with AI and clinical decision support systems.

• What is the prevailing attitude in your clinical setting, on the ward and among your professional colleagues with regard to the utilization of
artificial intelligence in everyday medical procedures?

• In the hypothetical scenario of utilizing such a tool like KINBIOTICS in tomorrow’s clinical decision-making process, what potential challenges
might be identified?

• Questions about future utilization of a clinical decision support system

• Please describe the benefits you perceive in the utilization of AI and clinical decision support systems in your everyday professional practice.

• In order to apply such a system in medical decision-making, what prerequisites must be met?

• Please indicate whether you identify any additional aspects that should be addressed for use in everyday clinical practice.

The interviews were recorded by audio and subsequently
transcribed. After complete transcription, the audio recordings
were irrevocably deleted in accordance with the data protection
policy.

Data Analysis
The data analysis of the transcribed interview material was
conducted deductively and inductively based on categories
according to Kuckartz (2018) [36]. The procedure for the
individual interviews primarily followed evaluative content
analysis, while the focus groups were analyzed in terms of
content structure. To gain as much knowledge as possible, the
transcripts of the individual interviews were also analyzed with
regard to possible content-structuring findings. The transcripts
were analyzed anonymously using the qualitative analysis
software MAXQDA (version 2022, VERBI) [37]. The interview
analyses and category assignment were carried out
independently by 2 researchers (JAD and MK). In the case of
discrepancies, a third researcher (DL) was consulted. Categories
were adapted or reformulated by the interdisciplinary research
team (JAD, MK, DL, SE, and WG).

Ethical Considerations
Informed consent was obtained before the interviews. A positive
ethics vote (November 22, 2021) from the ethics committee of
the Medical Association of Westphalia-Lippe and the
Westphalian Wilhelms University of Münster was received for
the entire project (No. 2021-699-f-S). The interview transcripts
were anonymized. The interviewees did not receive any
compensation; participation was on a voluntary basis.

Results

Sample
A total of 19 individual interviews and 3 focus group interviews
were conducted. The distribution of respondents with regard to
gender, age, and professional experience was relatively
balanced, with 10 (53%) of the respondents identifying as male.
In each case, 7 (37%) respondents were aged 30-40 years, and
40-50 years. In total, 5 (26%) respondents had less than 5 years
or 11‐20 years of professional experience, 4 (21%) had
between 5 and 10 years, and 3 (16%) respondents indicated that
they had more than 20 years of professional medical experience.
The duration of the expert interviews ranged from 17 to 43
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minutes, while the average duration of the focus group
interviews was 1 hour.

Feasibility of the AI-Based Clinical Decision Support
System
The approval or rejection of the AI-based antibiotic
recommendations was heterogeneous and primarily dependent
on 2 factors: first, the plausibility of the AI-based individual
therapy (change) recommendations (refer to quotes 1 and 2). It
should be noted that not every detailed recommendation was
already plausible or medically advisable due to the pilot status
of the CDSS respective example cases.

Quote 1:The system now suggests
piperacillin/tazobactam. Of course, this is a very
far-fetched suggestion for primary antibiotics when
it comes to designing a calculated antibiotic therapy.
For me, this would not be the first drug of choice for
patients who arrive at the hospital as primary
patients, who have been treatment-naïve so far and

have not yet received antibiotic therapy [...]. [Expert
5, Clinical Center 3]

Quote 2:So, [piperacillin/tazobactam]. Well, difficult
[...] with a completely normal PCT [Procalcitonin],
I would find it difficult [...] to start directly with such
a broad antibiotic. [Expert 8, Clinical Center 2]

Quote 3:[...] So, [...] such a recommendation, I’m
very sure, will be malpractice in the next three to five
years [...]. This reflects the reality, but this is the
worst thing that can happen, to treat a Staphylococcus
aureus bacteremia with [piperacillin/tazobactam],
that is an absolute no-go. [Expert 4, Clinical Center
1]

Second, the evaluation of the recommendations is dependent
upon the level of professional experience (quote 3). Accordingly,
the more advanced the professional experience, the more
confident a recommendation was to be approved or rejected.
However, the data indicate that the majority of respondents
expressed consensus regarding the CDSS recommendation in
each case study (Table 1).

Table . Assessments of the experts surveyed on the feasibility of the pilot version of the artificial intelligence–based clinical decision support system
(N=19).

CDSS recommendation for re-evaluationCDSS recommendation for initial treatment

Rejecting the recommenda-
tion, n (%)

Agreeing with the recom-
mendation, n (%)

Rejecting the recommenda-
tion, n (%)

Agreeing with the recom-
mendation, n (%)

6 (33)12 (67)4 (22)14 (78)Use case 1

18 (95)1 (5)7 (39)11 (61)Use case 2

16 (89)2 (11)16 (84)3 (16)Use case 3

4 (22)14 (78)3 (17)15 (83)Use case 4

5 (29)12 (71)4 (24)13 (76)Use case 5

A suggestion was made that the pilot CDSS should be expanded
to include the integration of combination therapies. The vital
parameters and patient information should be included as
variables in the statistical model for predicting therapy to include
the suspected focus of infection. In addition, it was noted that
the data provided for the development of the model and the case
studies in the pilot version were incomplete in many instances
(Table 1). The physicians encountered significant challenges
in evaluating the CDSS recommendation when the fields for
data that could be viewed in the application were left empty
(quote 4).

Quote 4:Here again the PCT [Procalcitonin] is
missing, that would make it easier for us. We only
have [...] indirect information that we have an
infection here [...] measured by the thrombocytopenia,
and then [...] I can get along with actually using
piperacillin and tazobactam primarily here when it
comes to the calculated antibiotic therapy [...].
[Expert 5, Clinical Center 3]

Quote 5:The [application] is more explanatory than
my phone. So, everything is fine in that respect.
[Expert 3, Clinical Center 3]

From the physicians’perspective, the primary factor influencing
the acceptance of the AI-based CDSS was the time required for

completion of the process. If the system is able to produce an
evident medication recommendation in a shorter time than the
physicians can achieve, a high willingness to use it was reported.
There was unanimous feedback that the design and layout of
the CDSS are pleasant and easy to understand (quote 5).
Furthermore, the majority of respondents indicated a preference
for a mobile version of the system for use in everyday clinical
practice. This preference was again justified by the availability
of digital resources.

Facilitating and Inhibiting Factors for the
Implementation of an AI-Based Clinical Decision
Support Systems
The focus group interviews showed that while there is already
strong foundational support for digital tools and applications in
diagnostics and therapy as part of routine clinical practice, the
use of more advanced applications, especially those based on
AI, was limited to isolated cases and primarily on a project
basis. Previous experiences with CDSSs had a significant impact
on expectations regarding the quality of the CDSS, the effort
required for integration into everyday medical practice, and the
intention to potentially use such a system (quotes 6 and 7).

Quote 6:I’m thinking about the echocardiography,
[...] where the AI has become so good that we let it
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take over. We do the examination ourselves. And yet
the module helps us with that. That’s how I imagine
it [here] too. [Expert 2, focus group 2]

Quote 7:Yes, for the colonoscopy [...] we once had
[a CDSS]. But the human was faster than the AI. So
in that respect [...] rather not. [Expert 3, focus group
3]

Nevertheless, the majority of respondents indicated a high level
of willingness to adopt AI-based CDSSs (quotes 8 and 9). The
option of re-evaluation included in the application was
considered to be particularly beneficial.

Quote 8:I actually found the idea compelling. Because
in the early days of my clinical work, even more so
than now, the question always arises: am I doing it
right now? [Expert 1, focus group 2]

Quote 9:[T]he field is so complex [...] that’s why I
think a support tool that works well is very helpful.
[Expert 3, focus group 1]

As previously noted, the acceptance and implementation of
digital solutions is largely dependent on the amount of time
available. In addition, the majority of respondents indicated that
they are consistently seeking tools that facilitate efficient support
in routine clinical practice. Consequently, the respondents
exhibited an intrinsic motivation to use CDSSs, which was
observed across all age groups and genders, but was particularly
pronounced in the “30‐40 years” and “40‐50 years” age
groups.

In contrast with the physician’s technology openness as a
beneficial factor, the level of digitization in the clinics was
found to be heterogeneous. Furthermore, the physicians’
assessment indicated that there was significant potential for
improvement in all 3 hospitals (quote 10). The statements
indicated that the level of digital infrastructure, including stable
internet coverage, exhibited considerable variation not only
between the clinics but also between individual wards within
the clinics. Overall, there was a consensus that better equipment
in terms of digital devices and applications was needed (quote
11). The lack of comprehensive digital and cross-sectoral
availability of relevant patient health information was also
identified as a barrier to the implementation of AI-based CDSSs
and efficient medical treatment in general. This demonstrated
that the degree of digitization in everyday clinical practice
affects the perceived feasibility of implementing the CDSS and
is the most significant barrier to the beneficial factors.

Quote 10:So, it’s really funny that you can still secure
good pens. Because we do so much paper based.
[Expert 2, focus group 2]

Quote 11:The problem is that there are far too many
individual components that all [...] communicate with
each other via interfaces. And in the process, values
are lost or the data transfer doesn’t work. And then
you end up standing there and yes, the computer
hangs. [Expert 4, focus group 2]

Furthermore, the existing data basis for the AI-based CDSS
model was identified as a significant challenge. The participants
were aware that, in addition to the aforementioned lack of

digitized patient information, the heterogeneous quality of
previous antibiotic administration practice also had an influence
on the predictive ability of the recommendation from the CDSS.
Furthermore, an increased documentation and justification effort
in the event of potential deviation from the CDSS
recommendation was also seen as a barrier. However, all
participants were aware that such a system would be
implemented as a supportive and not a replacement measure,
and this was not criticized.

Two relevant recommendations for improvement were derived
from the interviews. First, the majority of respondents indicated
that applicable guidelines on antibiotic therapy should be
incorporated into the specification of the underlying statistical
models. Second, there was a recurring suggestion that, alongside
the further development of the presented system, the capability
to diagnose sepsis infections should also be integrated into a
CDSS. Once again, the time to correct diagnosis and subsequent
appropriate treatment was identified as the main driver.
Suggestions for adapting the tested CDSS comprised the
inclusion of quantities and suggestions for the duration of
antibiotic administration, in addition to the therapeutic agents
themselves (quote 12).

Quote 12:So, in an ideal world, [...] [AI] can be a
huge step forward as a decision-making tool. But [A]
the right information has to flow in. And [B] the
decisive recommendation [...] is already anticipated
here [...]. So, the first step: can this be sepsis? That
is an important step. [...] In the second step, a
recommendation for initial therapy is helpful [...],
yes. [Expert 4, focus group 1]

Discussion

Principal Findings
Overall, this use case analysis shows various barriers and
facilitators for the implementation of AI-based CDSSs for
antibiotic therapy in sepsis (Textbox 2). The findings of the
expert and focus group interviews indicate that the potential of
digitization and, in particular, AI-based tools is expected and
viewed in a favorable light by the majority of the physicians.
This finding is in line with other research which indicates that
clinicians have a predominantly positive perception of AI
systems [38-40]. Similarly, the willingness to use these tools is
high [41]. In this context, the plausibility of the prediction and
the potential time savings are of particular importance. It is
evident that the existing contextual conditions represent the
most significant obstacle to future implementation. In addition
to the basic technical equipment in the clinics, other factors,
such as a stable, comprehensive internet supply and the
necessary digital availability of data, were also identified as
potential barriers to future implementation. Accordingly, the
question arises as to what extent clinics are equipped with the
digital infrastructure to fully leverage the benefits of AI-based
CDSSs. At this point it has to be noted that the digital maturity
of German hospitals appears to be comparatively limited [42].
This can be attributed, at least in part, to a lack of financial
resources [24,43]. It remains to be seen to what extent hospitals
use the transformation fund provided by the German Hospital
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Future Act and how this can enhance the conditions for the implementation of AI systems.

Textbox 2. Summary of barriers, facilitators, and recommendations for artificial intelligence–based clinical decision support systems’ feasibility and
implementation.

Barriers

• Overall

• Low degree of digitization in everyday clinical practice.

• Lack of comprehensive digital and cross-sectoral data availability.

• Negative previous experiences with clinical decision support systems.

• Use Cases

• Heterogeneous quality of previous antibiotic administration practice limits predictive ability of the artificial intelligence–based recommendations.

• Increased effort to document and justify potential deviations from the clinical decision support system’s recommendation.

• The confidence to approve or reject artificial intelligence–based antibiotic recommendations depends on the level of professional experience.

Facilitators

• Overall

• Potential time savings.

• Physician’s technology openness or intrinsic motivation.

• Positive previous experiences with clinical decision support systems.

• Use Cases

• Re-evaluation of clinical decision support system recommendations is considered to be particularly beneficial.

• Pleasant design and layout of the clinical decision support system (easy to understand).

Recommendations

• Incorporation of guidelines on antibiotic therapy into the specification of the statistical models.

• Clinical decision support systems should include the integration of combination therapies.

• Statistical model for predicting antibiotic recommendations should include vital parameters and further patient information to identify the suspected
focus of infection.

• Besides sepsis treatment, the capability to diagnose sepsis infections should also be integrated into a clinical decision support system.

• Preference for a mobile version of the clinical decision support system.

The medication recommendations by the CDSS were not yet
perceived as reliable due to the limited and biased data available
for training the AI system. Often, a very broad standard therapy
(piperacillin/tazobactam) was recommended. This was mainly
due to the fact that this medication occurred considerably more
frequently within the learning data set than all other antibiotics.
According to the experts, this approach is not absolutely
mandatory and sometimes maybe counterproductive in terms
of calculated antibiotic therapy. Younger physicians in particular
tended to agree with the recommendations. This is a sign that
a CDSS for the most common “standard medication” might not
be beneficial if not detrimental. This can be confirmed by the
physicians’ statements that they would like decision support
primarily for medication combinations and for rare antibiotic
agents or rare sources of infection. In view of the goal of
avoiding the development of resistance by reducing the use of
broad-spectrum antibiotics, the current pilot version of the AI
system would possibly even promote this risk of further

resistance. To avoid this, current guidelines should be
incorporated into the model design in addition to retrospective
primary data.

The respondents’ call for the upstream integration of sepsis
diagnostics in addition to the further development of the existing
CDSS appears to be purposeful. A recent study has confirmed
initial successes in this regard [44]. Although no clear
correlations between sociodemographic characteristics and the
willingness to use CDSSs were found in the present evaluation,
differences in the approval or rejection of the AI-based CDSS
recommendations depending on professional experience were
identified. This finding is supported by Lambert et al [45]. It is
recommended that future studies investigate the degree to which
professional experience and other sociodemographic variables
exert an influence on technology acceptance and the willingness
to use CDSSs. In this regard, using the UTAUT would be
appreciated [35].
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Generally, the following challenges associated with the use of
AI in health care should not be overlooked. For example,
automation bias, in which health care providers may develop
an overreliance on AI recommendations, potentially reducing
their clinical vigilance and leading to oversights in patient care,
needs to be considered [46]. Furthermore, AI-driven CDSSs
may unintentionally propagate biases present in training datasets,
resulting in discriminatory recommendations that may
disadvantage certain demographic groups [47]. Another key
concern is the ambiguity and complexity of liability; it remains
unclear who is legally responsible if an AI-influenced decision
contributes to a negative patient outcome [48]. Furthermore,
previous research has highlighted the potential negative impact
of a lack of user involvement in the development of CDSSs on
the willingness to use them, even when the system quality is
optimal [26]. One of the key strengths of the study is the early
involvement of future users. The participatory approach
highlights the need for involvement. Consequently, given the
significant lack of engagement with CDSS interventions reported
within the literature [49], future studies should consider the
involvement of users from the earliest stages of development
[26,28,50]. The findings of the present study confirm that in
addition to personal factors, the plausibility of the
recommendations is the most decisive factor determining the
willingness to use the tool [51]. Further development of the
pilot version or similar systems is therefore crucial for
implementing and exploiting the potential benefits of AI.
Furthermore, the feedback from the physicians participating in
this study provided valuable insights into additional variables
that were subsequently integrated into the further development
of the CDSS, following the completion of the interviews.

Limitations
Several limitations must be acknowledged in the evaluation of
the use case presented in this study. First, the efficacy of the
CDSS was clearly limited due to the rather small amount of
data used for training. The findings suggest that the CDSS may

offer less benefit for physicians during the initial therapy phase
compared with its use in the context of therapy re-evaluation.
At this stage, it was not feasible to accurately predict the most
appropriate antibiotic, one that would minimize treatment
changes and side effects, based on the currently available data.
The acceptance of AI-based interventions heavily depends on
the plausibility and relevance of therapy recommendations,
which ultimately impacts their efficacy. Therefore, further
development and refinement of AI-based CDSSs are essential,
along with an expansion of the digital data infrastructure.

In addition, it is important to consider that the evaluation was
based on a qualitative interview study, which comes with
inherent limitations. The voluntary nature of participation may
introduce self-selection bias, potentially leading to an
overestimation of the participants’ openness to technology and
their acceptance of AI-based CDSSs. This limitation suggests
that the findings may not be fully generalizable to the broader
population of health care professionals.

Conclusion
This pilot study of an AI-based CDSS indicates that further
development is needed to achieve the original goals of
minimizing switches in antibiotic prescriptions and reducing
the reliance on broad-spectrum antibiotics. Relying solely on
retrospective data from past care practices does not seem to be
an effective strategy for meeting these objectives. In addition,
it is essential to address the key challenges identified in this
study to enable the successful integration of AI into clinical
settings. While the respondents generally showed a positive
attitude toward the use of AI-based CDSSs, a more
comprehensive evaluation of technology acceptance among
health care professionals can only be conducted when a version
with realistic, guideline-compliant recommendations is available.
Early engagement of users in the development process proves
beneficial, not only for refining the CDSS but also for fostering
acceptance among medical practitioners.
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Abstract

Background: The integration of collaborative robots (cobots) in industrial settings has the potential to enhance worker safety
and efficiency by improving postural control and reducing biomechanical risk. Understanding the specific impacts of varying
levels of human-robot collaboration on these factors is crucial for optimizing cobot use.

Objective: This study aims to investigate the biomechanical effects of different levels of human-robot collaboration on postural
stability and control during simulated working tasks.

Methods: A total of 14 participants performed simulated cashier working activities under 4 different collaboration modalities,
with increasing levels of cobot assistance: full (Fu), half robot touch (HRT), half robot (HRb), and full robot (FRb). Center of
pressure trajectories were extracted from 2 force plates’ data to calculate 4 posturography parameters—mean distance (MDIST),
mean velocity (MVELO), 95% confidence ellipse area (AREA-CE), and sway area (AREA-SW)—which were analyzed to assess
the impact of cobot intervention on postural control.

Results: Nonparametric tests showed significance in the effect of the collaboration modalities on the 4 analyzed parameters.
Post hoc tests revealed that FRb modality led to the greatest enhancement in postural stability, with a reduction in MDIST (4.2,
SD 1.3 cm in Fu vs 1.6, SD 0.5 cm in FRb) and MVELO (16.3, SD 5.2 cm/s in Fu vs 7.9, SD 1.1 cm/s in FRb). AREA-CE and
AREA-SW also decreased significantly with higher levels of cobot assistance (AREA-CE: 134, SD 91 cm² in Fu vs 22, SD 12
cm² in FRb; AREA-SW: 16.2, SD 8.4 cm²/s in Fu vs 4.0, SD 1.6 cm²/s in FRb). Complete assistance of the cobot significantly
reduced interindividual variability of all center of pressure parameters. In FRb modality, as compared with all other conditions,
removing the weight of the object during loading or unloading phases caused a significant decrease in all parameter values.

Conclusions: Increased cobot assistance significantly enhances postural stability and reduces biomechanical load on workers
during simulated tasks. Full assistance from cobots, in particular, minimizes postural displacements, indicating more consistent
postural control improvements across individuals. However, high levels of cobot intervention also reduced the natural variation
in how people balanced themselves. This could potentially lead to discomfort in the long run. Midlevel cobot assistance modalities
can thus be considered as a good compromise in reducing biomechanical risks associated with postural stability at the same time
granting a satisfactory level of user control.

(JMIR Hum Factors 2025;12:e64892)   doi:10.2196/64892

KEYWORDS

human-robot collaboration; cobot assistance; postural control; biomechanical risk; ergonomics; collaborative robot

Introduction

Industrial manufacturing is transitioning from well-established
production procedures toward more flexible and intelligent
manufacturing systems (Industry 4.0, as initially described by
Kagermann et al [1]). This evolution aims to develop innovative,
sustainable solutions that create new business models, improve
working conditions, increase plant productivity, and enhance
product quality [2]. Robotics plays a crucial role in this context,
with industrial robots being widely adopted due to their ability

to relieve humans from repetitive, unhealthy, or dangerous tasks
[3]. The field of robotics has evolved to not only allow humans
to share the same workspace with robots but also use them as
assistants, thereby enhancing human-robot collaboration (HRC)
[4].

Collaborative robots (cobots) are at the forefront of this
revolution, offering increased productivity, flexibility,
versatility, and safety compared with traditional industrial
robots. Cobots are designed to work alongside humans, sharing
the same workspace without the need for safety cages and
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providing greater mobility and flexibility [5]. The integration
of cobots in industrial environments has been shown to
significantly enhance operational efficiency [6] and worker
satisfaction by enabling safer and more ergonomic working
conditions [7,8]. However, the integration of cobots impacts
various human factors, which include psychological aspects
[9], emotions [10], and biomechanical effects [11].
Consequently, it is important to consider both cognitive
ergonomics and biomechanical safety to optimize the overall
effectiveness and well-being of human workers [12]. For
instance, Gualtieri et al [13] have investigated the cognitive
elements involved in human interaction with cobots, revealing
significant insights into how mental workload and task
complexity can affect worker performance and satisfaction [14].
Similarly, improper collaboration with cobots can expose
workers to biomechanical risks, even though these robots are
intended to alleviate heavy and tedious tasks. Previous research
studies [15,16] emphasized the importance of ergonomic
considerations in HRC to prevent musculoskeletal disorders
(MSDs) among workers.

Thus, the right choice of cobot collaboration modality can
reduce biomechanical overload on workers, ensuring their safety.

Recent advancements in sensor technology and data analytics
have enabled detailed assessments of human biomechanics
during HRC [17,18]. Studies have shown that real-time
monitoring and analysis of physiological data can provide
valuable insights into the physical strain experienced by workers
and help in optimizing collaborative processes [19]. For
example, the use of wearable sensors and motion capture
systems could effectively measure and analyze the
biomechanical load on workers during different collaborative
tasks with robots [20]. Other recent studies investigated the
effects of different HRC modalities on physiological human
parameters such as trunk oscillations [21] and muscle
coactivation [22,23]. Such studies can also be profitably taken
into consideration for the optimization of workplace design and
task allocation.

When work tasks are performed in quasi-static conditions, direct
measures of posture could reveal insights into the stability and
balance of workers and can thus be used to improve ergonomics
during HRC, as they can help identify postural adjustments and
biomechanical loads, providing a more comprehensive
understanding of HRC ergonomic impact [24].

Following this principle, this study will evaluate and analyze
posturography data to assess the biomechanical risks in HRC
working contexts where cobots are used in different modalities.
Through this evaluation, the study seeks to determine whether
cobot assistance can effectively reduce biomechanical risks: by
examining how different collaborative modalities influence
workers’ stability and balance, thus providing insights into the
effects of cobot assistance on postural control, as this latter one
indirectly reflects safety, efficiency, and ergonomic well-being
of human workers in collaborative environments.

Methods

Experimental Setup

Overview
The setup was designed to compare a simulated work activity
performed with and without cobot assistance. A specific
workbench was created by positioning the cobot on one of the
longer sides of a 2 × 1 m table, with the operator standing
upright on the opposite side (Figure 1). The operator’s standing
position was fixed relative to the edge of the table, defined by
the position of his or her feet and the projection onto the ground
of the long side of the table. A starting station (ie, the initial
position to the right of the operator) and an arrival station (ie,
the final position to the left) were defined, each 1m apart from
the other and 30 cm away from the operator in the direction of
the cobot. A scanning area was defined in the center of the table
in front of the operator. This workbench arrangement allowed
the operator to perform all the activities (or part of them)
independently, while the cobot could collaborate on some or
none of the tasks without interfering with the operator’s
movements. This configuration was defined to minimize
possible hindering of the operator’s movements.
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Figure 1. Experimental setup dimensioning for the simulation of load-moving activities on a workbench. CoP: center of pressure.

The activities involved the handling and relocating of
rectangular packages, each measuring 14 × 12 × 5 cm and
weighing 1 kg, bearing a QR code on one side.

The tests were conducted with a group of 14 male volunteers
aged between 25 and 48 years (weight: 79, SD 7 kg; height:
180, SD 5 cm). All volunteers were healthy and had no evident
or declared mobility issues. Moreover, given the design of the
setup, only right-handed subjects have been involved in the
tests. Participants were instructed to (1) grasp the packages from
the starting station, (2) identify the QR code and scan it (ie,
facing the QR code to the scan area) in the central area, and
then (3) place the package in the arrival station. Different levels
of collaboration were implemented by removing the first part
of these activities (ie, grasping the package and bringing it to
the center of the table) when in partial assistance, and removing
also the last part (ie, bringing the package to the arrival station)
when in full cobot assistance. Each participant was asked to
perform the task as naturally as possible. This task was designed
to simulate the work activity of a cashier in a supermarket, a
highly relevant example in terms of strenuous activity [25],
where an increase in the level of cobot assistance is hypothesized
to reduce the associated biomechanical risk.

In the test, each participant performed consecutive repetitions
of the same task, for a 5-minute duration, with different levels
of cobot assistance.

The frequency of processing (packages per minute [PPM]) to
be handled was not defined a priori, and participants were
allowed to choose their own pace in performing all the activities.

When collaborating with the cobot, the PPM frequency was
however influenced by the cobot’s package handling activity,
as described below.

Each participant was asked to perform the described activity
under 4 different collaboration modalities, performed in random
order, with a 5-minute break between each test.

Full (Fu)
In this baseline scenario, the operator performs the tasks
independently, without cobot collaboration. The operator picks
up the package from the starting station with the right hand,
examines it with both hands to locate the QR code, brings it
close to the scanner simulation area, and finally places the
package in the arrival station with the left hand. The processing
rate was freely self-selected by each participant.

Half Robot Touch (HRT)
In this condition, the cobot task is to pick up the package from
the starting station and wait for the operator to extend their right
arm toward the same area, and to touch it to start. When touched,
the cobot moves bringing the package in front of the operator
who grabs and examines it with both hands to locate the QR
code. The operator then brings it close to the scanner simulation
area and finally places the package in the arrival station with
the left hand. The task is kinematically like the “Full” case, but
there is no lifting of the package from the starting station toward
the scanning area. Moreover, the operator drives the activation
of the cobot with a touch, and therefore the number of PPM is
decided by everyone, taking into account the cobot speed.
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Half Robot (HRb)
In this modality, the cobot’s task is to pick up the package from
the starting station and autonomously transport it in front of the
operator, who grabs and examines it with both hands to locate
the QR code. The operator then brings it close to the scanner
simulation area and finally places the package in the arrival
station with the left hand. The operator is not required to initially
reach the right arm toward the starting station to ask the cobot
for help, so the task is different in terms of kinematic features
compared with the previous cases. Packages are moved
continuously by the cobot while the operator is performing the
required tasks, therefore, the cobot determines the number of
PPM.

Full Robot (FRb)
In this condition, the cobot’s task is to pick up the package from
the starting station and autonomously transport it continuously
in front of the operator, who grabs and examines it with both
hands to locate the QR code. The operator then brings it close
to the scanner simulation area and finally places the package in
a closer area with respect to the arrival station (Figure 1).
Meanwhile, the cobot picks up the package left by the operator
and takes it to the arrival station. The cobot intervenes
significantly, fully collaborating in the activity. However, the
time taken by the cobot to move the packages always exceeds
the time that the operator needs to perform the activity.
Therefore, the operator must wait for the cobot, and the motor
activity is discontinuous, with the number of PPM defined by
the cobot kinematics.

Ethical Considerations
The experimental protocol was approved by the Commissione
Etica dell’Università degli Studi Roma Tre (BRIC2019-BRISK
approval r.01-10/06/2021). Informed consent was obtained from
all participants prior to their inclusion in the study, and they
were informed of their right to withdraw at any time without
consequences. All data collected were anonymized to protect
participants' privacy and confidentiality. No personally
identifiable information was retained, and strict security
measures were implemented to safeguard the data. Participants
did not receive any financial or material compensation for their
involvement in this study.

Data Acquisition and Processing
To assess the dynamic interaction of the operator with the
ground, two 6-component force platforms (BTS P-6000) were
positioned under the participants’ feet. These platforms allow
for measuring the ground reaction of each participant’s lower
limbs (force and moment components), from which the center
of pressure (CoP) position of each foot is extracted during the
execution of performed tasks. Data were acquired from force
platforms using a sampling frequency of 500Hz (fixed by the
HW system). An optoelectronic system (SMART DX 6000, 8
infrared cameras, 2 Mpixel@300 Hz) was employed to segment
and identify each task repetition, and each phase of the
repetition. Data from the optoelectronic system were acquired
using a sampling frequency of 250Hz. Force platforms data
were undersampled at 250 Hz to synchronize those with the
optoelectronic system ones.

Dynamic Parameters Extraction
Trajectories of the CoP for each of the lower limbs (ie, CoP-right
and CoP-left) during the execution of each task were extracted
from the force plates data [26]. The total CoP is obtained as the
weighted average between CoP-right and CoP-left and its
displacement is defined by both the medial-lateral and the
anterior-posterior coordinates with respect to a reference system
centered between the 2 force plates (Figure 1).

Four CoP-derived parameters were calculated to evaluate the
postural stability of the operator and quantify alterations in
balance: for each of the collaboration modalities, the mean
distance (MDIST), mean velocity (MVELO), 95% confidence
ellipse area (AREA-CE), and sway area (AREA-SW) were
calculated, according to the definitions reported in [27], for each
cycle of the task repetition. For each parameter, mean values
(as a measure of central tendency) and SD across repetitions
(as a measure of intraindividual variability) were also calculated
and underwent inferential statistics.

Cycles were identified using data extracted from motion capture
data, which were synchronized with force plate data: in
particular, the time location of the maximum excursion to the
left in the medio-lateral direction of the marker placed on the
right wrist was used to segment each cycle, as it corresponds
to the instant when each repetition finishes.

Statistical Analysis
For each CoP-derived parameter thus obtained, the normality
of the data, using the Shapiro-Wilk test, was assessed. When
all distributions were normal, the homogeneity of the variances
was checked with the Leneve test. If these conditions were not
satisfied, the Kruskal-Wallis nonparametric test was applied to
examine the effect of the collaboration modality. When
significant, a post hoc test with a Bonferroni correction was
conducted to investigate the differences among the 4 examined
collaboration modalities. The α level was set to .05 and .01
(denoted by * and **, respectively).

Results

Rate of Package Processing
The average rate of package processing chosen by the operators
in the absence of cobot assistance (Fu) was 15 (IQR 14-16)
PPM. The different cobot collaboration modalities yielded
median rates of 8 (IQR 7-8.5) for PPM for half robot touch
(HRT), 12 (IQR 11.5-13) PPM for half robot (HRb), and 4 (IQR
3.9-4.1) PPM for full robot (FRb).

CoP Trajectories
In the following, the different trajectories of the CoP, for all 14
participants and for the 4 different collaboration modalities (ie,
full [Fu], HRB, HRb, and FRb) are shown, with Xcop and Ycop
denoting respectively the medium-lateral and the
antero-posterior coordinate.

Considering the Fu modality (Figure 2), observed CoP paths
can be classified into 2 main groups: participants
(1,2,3,6,7,8,11,13,14) displayed a compact size of the CoP path,
spread in both anterior-posterior (AP) and medial-lateral (ML)
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directions, while participants (4,5,9,10,12) drew wider areas,
with a remarkable trajectory from the central backward position
to the right forward position. However, all the CoP paths present

quite diverse behavior, with no visible common aspects.
Negative values for Ycop denote backward displacements.

Figure 2. Center of pressure (cop) trajectories for each participant during the full collaboration modality.

Considering the HRT collaboration modality (Figure 3), CoP
path can be classified into 2 main groups also in this case:
participants (1,2,7,8,13,14) maintained a compact size of the
CoP path, more spread along the AP direction, while participants
(3,4,5,6,9,10,11,12) drew a wider area of the CoP path. In this

case, all CoP trajectories denoted a bias from the central
backward position to the left forward position. Displayed CoP
paths still exhibit rather diverse behavior, but with more
commonalities as compared with Fu modality.

Figure 3. Center of pressure (cop) trajectories for each participant during the half robot touch collaboration modality.

For the HRb collaboration modality (Figure 4), also in this case
CoP path can be classified into 2 main groups: for participants
(1,2,7,13,14) CoP path was maintained compact, differently
from participants (3,4,5,6,8,9,10,11,12), especially considering

the AP coordinate. Common behavior of CoP excursion across
subjects was instead present along the ML coordinate, while
the CoP bias from the central backward position to the left
forward position observed in the HRT case is less evident.
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Figure 4. Center of pressure (cop) trajectories for each participant under the half robot collaboration modality.

In the FRb collaboration modality (Figure 5), commonalities
of CoP behavior are more relevant. While some participants
still display lower excursions along the AP direction, the

characteristics of CoP trajectories are mostly similar, with no
bias both in the right and left forward positions. The amount of
excursion in the ML direction is similar across participants.

Figure 5. Center of pressure (cop) trajectories for each participant during the full robot collaboration modality.

Normality Tests
The Shapiro-Wilk test indicated that some conditions of the
parameters did not follow a normal distribution. For the MDIST
values, a P value <.05, indicating rejection of the null hypothesis
of normal distribution, was observed for the Fu condition
(P=.048). In contrast, a normal distribution (P value >.05) was
found for all the other conditions (HRT: P=.44; HRb: P=.57;
FRb: P=.60).

Similar results were obtained for both the AREA-CE and
AREA-SW parameters. The Fu condition showed a nonnormal
distribution (P=.02 for AREA-CE and P=.04 for AREA-SW),
while all other conditions were normally distributed (for
AREA-CE: HRT, P=.18; HRb, P=.25; FRb, P=.33; for
AREA-SW: HRT, P=.08; HRb, P=.86; FRb, P=.25).

Since at least 1 of the distributions for each parameter was not
normal, nonparametric statistical analyses were applied.

For the MVELO parameter, data were normally distributed
across all conditions. However, Levene test revealed that the
variances among the different conditions were not homogeneous

(P value <.05). Consequently, a nonparametric test was also
used for this parameter.

CoP-Derived Parameters
Descriptive statistics at the individual level, and descriptive and
inferential statistics at the group level for MDIST, MVELO,
AREA-CE, and AREA-SW, as obtained across the 4
collaboration modalities, are given in the following figures.

MDIST, an overall measure of excursion of the CoP from its
equilibrium position, was clearly and significantly higher in Fu
condition (4.21, SD 1.30 cm) than in all other conditions, and
this was confirmed also at the individual level for almost every
participant. In addition, as shown in Figure 6, FRb condition
caused significantly lower values (1.55, SD 0.50 cm) than both
HRT (2.50, SD 0.67 cm) and HRb (2.38, SD 0.59 cm), and this
appeared also in all individuals but 2. No significant difference
was observed between HRT and HRb conditions, as the result
of different behavior across participants. Regarding
intraindividual variability, we observed a reduced variability
of MDIST across most participants in FRb condition (0.34, SD
0.22 cm) as compared with HRb (0.59, SD 0.23 cm), HRT (0.65,
SD 0.37 cm), and Fu (0.85, SD 0.36 cm).
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Figure 6. Distribution of MDIST values. Upper panel, left: group mean values across the 4 collaboration modalities; upper panel, right: distribution
of intraindividual variability (SD across repetitions); lower panels: distribution of values for each participant. * denotes P<.05 as obtained from inferential
statistics; ** denotes P<.01 as obtained from inferential statistics. FRb: full robot; Fu: full; HRb: half robot; HRT: half robot touch; MDIST: mean
distance.

MVELO, an indicator of the amount of movement described
by the CoP trajectory, in general confirms what already reported
for MDIST: Fu condition determined higher values (16.3, SD
5.2 cm/s) than all other collaboration conditions, and in FRb,
MVELO was significantly lower (7.9, SD 1.1 cm/s) than in all
other conditions (11.1, SD 2.2 cm/s for HRb; 11.3, SD 2.9 cm/s
for HRT). As depicted in Figure 7, these figures were confirmed

also at the individual level for all but 2 participants. In terms of
variability, while we observed that it was mostly reduced in the
FRb condition (0.5, SD 0.3 cm/s) as compared with all the other
conditions (2.3, SD 1.0 cm/s for Fu; 1.4, SD 0.5 cm/s for HRb),
a significant decrease of the variability was present also when
moving from Fu to HRT (1.4, SD 0.4 cm/s). Other variations
were not significant at the group level.
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Figure 7. Distribution of MVELO values. Upper panel, left: group mean values across the 4 collaboration modalities; upper panel, right: distribution
of intraindividual variability (SD across repetitions); lower panels: distribution of values for each participant. * denotes P<.05 as obtained from inferential
statistics; ** denotes P<.01 as obtained from inferential statistics. FRb: full robot; Fu: full; HRb: half robot; HRT: half robot touch; MVELO: mean
velocity.

AREA-CE, which quantifies the planar extent of coverage of
the CoP, displayed a behavior similar to what was seen for
MVELO: values resulted significantly higher in Fu (134, SD
91 cm²), and lower in FRb (22, SD 12 cm²) than in all the other
conditions (64, SD 32 cm² for HRT; 47, SD 24 cm² for HRb),

respectively (Figure 8). Again, FRb intraindividual variability
was lower in FRb (10, SD 7 cm²) than in all other conditions,
and we saw a reduced variability when passing from Fu (45,
SD 23 cm²) to HRb (21, SD 12 cm²).
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Figure 8. Distribution of AREA-CE values. Upper panel, left: group mean values across the 4 collaboration modalities; upper panel, right: distribution
of intraindividual variability (SD across repetitions); lower panels: distribution of values for each participant. * denotes P<.05 as obtained from inferential
statistics; ** denotes P<.01 as obtained from inferential statistics. AREA-CE: confidence ellipse area; FRb: full robot; Fu: full; HRb: half robot; HRT:
half robot touch.

Finally, AREA-SW, a planar measure that combines CoP
extension and velocity, displayed behavior similar to what
obtained with MDIST: Fu caused significantly higher
AREA-SW values (16.2, SD 8.4 cm²/s) than all the other
conditions (8.4, SD 3.7 cm²/s and 7.3, SD 2.8 cm²/s for HRT
and HRb, respectively), and again FRb brought to values lower

(4.0, SD 1.6 cm²/s) than all the other collaboration modalities
(Figure 9). Both these results were reflected at the individual
level for all participants but one. Intraindividual variability of
AREA-SW was significantly lower in FRb (0.9, SD 0.4 cm²/s)
than in all other conditions (4.4, SD 2.2 cm²/s; 2.5, SD 0.8 cm²/s;
and 2.5, SD 1.2 cm²/s for Fu, HRT, and HRb, respectively).
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Figure 9. Distribution of AREA-SW values. Upper panel, left: group mean values across the 4 collaboration modalities; upper panel, right: distribution
of intraindividual variability (SD across repetitions); lower panels: distribution of values for each participant. * denotes P<.05 as obtained from inferential
statistics; ** denotes P<.01 as obtained from inferential statistics. AREA-SW: sway area; FRb: full robot; Fu: full; HRb: half robot; HRT: half robot
touch.

Discussion

Principal Findings
The analysis of the CoP trajectories shows that considering data
obtained in tests going from the absence of cobot intervention
(Fu) to the ones with maximum cobot assistance (FRb), the area
of the CoP trajectory significantly decreases, thus possibly
indicating a lower amount of oscillations of the body when the
cobot intervenes.

As a general consideration, CoP trajectories, when no action of
the cobot is present, tend to show greater intensity toward the
loading area, indicating a higher amount of sway. This suggests
that lifting affects balance control strategies. On the other hand,
in both tests involving partial cooperation with the cobot, the
CoP draws trajectories mainly toward the arrival station, even
in the HRT modality, where the participant’s arm moves toward
the starting station direction to ask the cobot for help. This
aspect suggests that the movement of the arm while carrying
the load notably influences the CoP trajectory, while the arm
movement, required to ask the cobot for help occurring in the

HRT condition, does not produce a significant influence on the
CoP trajectory, as compared with the modality where the cobot
independently carries the load to the scanning zone (ie, HRb
collaboration modality).

Regarding the detailed analysis of the specific CoP trajectories
of all subjects and for all test types, results show that during
tasks performed alone, CoP paths can be classified into two
types: (1) concentrated with symmetrical movements toward
both the starting and arrival stations (right and left), and (2)
more scattered with a tendency to oscillate between the central
rest zone and the arrival station (left). The variability of CoP
trajectories across individuals may confirm the adoption of
different independent control strategies, as also identified by
the 2 types listed before. When instead maximum assistance by
the cobot is present, areas drawn by CoP are smaller, and with
a reduced interindividual variability. This homogenization effect
can be explained by the fact that the cobot sets the activity’s
pace, causing the subject to adopt a more uniform behavior and
timing. This is both apparent at the individual level (ie, each
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subject tends to maintain a more uniform CoP trajectory across
repetitions), and at the group level.

Results coming from the qualitative description of CoP
trajectories were also confirmed by statistical analysis of
CoP-derived parameters: specifically, CoP tends to travel more
(MVELO and, to a certain extent, AREA-SW) and further
(MDIST and AREA-CE) if the level of intervention from the
cobot increases. In general, smaller excursions can be associated
with improved balance: this means a higher tendency to remain
in a smaller (and generally more stable) area during task
repetitions. A possible interpretation is that while the cobot
influences task execution, it also makes the operator move less
with reduced postural oscillation. This aspect is relevant as an
increased excursion from the equilibrium position and increased
movement of the CoP are associated with an increased risk of
falling [28], and incorrect postures in the working scenario are
agreed to lead to the development of MSDs [29]. As seen from
this perspective only, the modality of full assistance by the cobot
brings to the lowest risk, as it clearly leads to minimal
excursions and movements of the body.

However, we also observed a marked reduction of
intraindividual variability of these parameters when full
assistance from the cobot is present: one hypothesis for this
evidence is that the presence of the cobot reduces autonomy in
task execution and may thus impose a control strategy which
is not necessarily beneficial (or chosen) by the operator. If a
reduction of variability of such parameters from the baseline
condition may be seen as an indicator of long-term discomfort,
this needs to be appropriately considered when designing the
most beneficial collaboration modalities. In this regard,
intermediate collaboration modalities seem to incorporate a
tradeoff between the advantages in the carrying task
compensation given by the cobot on the load and the possibility
of granting autonomy to the operator during the task execution.

Regarding the 2 collaboration modalities that maintain a material
operator intervention, statistical analysis at the group level was
rather inconclusive: in excursion-based CoP parameters, no
difference was found, and this is counterintuitive, considering
that one of the modalities required participants to raise the arm
and kinematically reach out to ask for assistance. This was not
reflected in most CoP-derived parameters, and the possible
explanation for this absence of differences may be ascribed to
the inherent nature of the CoP variable: it is only indirectly
associated with whole body movement: coming from the ground
reaction forces, it is a measure of where the foot pressure is
concentrated [30]. In static conditions, CoP basically tracks the
body barycenter projection to the ground (and dynamically
overtakes it in specific conditions) to counteract balance
disequilibrium. According to the inverted pendulum hypothesis,
the body barycenter projection is thus a filtered version of the
CoP trajectory. However, with self-initiated body part
movements, the central nervous system is able to predict future
whole-body excursions [31], and the position of the CoP may
not necessarily reflect the excursions of the body barycenter. If
this were the case, activation of the relevant muscles (typically,
tibialis anterior) would appear in anticipation of the upper limb
movement.

Regarding the inconclusive results appearing between the 2
modalities where collaboration was midlevel (ie, HRb and
HRT), we tend to ascribe this process to a rather diverse
behavior observed at the individual level: decreases of measures
of CoP excursion and movement were in some individuals clear
when decreasing the amount of user intervention (ie, passing
from HRT to HRb), however this effect disappears in a
nonnegligible share of individuals; as it was apparent from the
qualitative description of CoP trajectories, 2 different group
behaviors seemed to emerge: in one group, CoP is maintained
compact despite the lesser level of cobot intervention as
compared with FRb, while the second group displays higher
amounts of excursion and movement. We were not able to
ascribe this phenomenon to specific individual characteristics;
whole body kinematics and electromyography activity analysis
may help shed light on this, in particular, to check if this
evidence might be associated with task role-taking, which may
be a key factor in HRC activities [32].

Reduced postural variability, as evidenced by the decreased
CoP trajectory area and reduced inter and intraindividual
differences under maximum cobot assistance, can have
significant long-term implications for musculoskeletal health.
A prolonged state of limited variability in posture and
movement, while potentially stabilizing in the short term, may
contribute to the development of MSDs over time. This is
because variability in postural strategies allows the redistribution
of mechanical loads across different tissues and joints, reducing
the risk of overuse injuries or chronic strain on specific
musculoskeletal structures. Conversely, homogenized and
repetitive postures imposed by external systems, such as cobots,
may lead to localized fatigue, reduced muscular engagement,
and impaired adaptability of the neuromuscular system.
Consequently, these factors can heighten the susceptibility to
cumulative trauma disorders, particularly in dynamic
occupational scenarios. These findings highlight the importance
of designing collaborative robotic systems that balance task
support with opportunities for natural and varied movement
patterns to mitigate potential long-term health risks for operators.

The implications of these findings for industrial settings may
be interesting. The integration of cobots can significantly
enhance worker safety and productivity by reducing physical
strain and improving postural control. By enabling safer and
more ergonomic working conditions, cobots can play a crucial
role in creating healthier work environments, reducing the
incidence of work-related MSDs, and improving worker
satisfaction.

In general, referring to the obtained results, it must be remarked
that the tasks analyzed were simulated rather than conducted in
real-world contexts, so further analysis could be conducted to
generalize the findings. However, the tests conducted in this
study, even if simulating a cashier task, represent real work
tasks themselves, and this supports the hypothesis that similar
results can be obtained in the real world. Additionally, the
sample consisted exclusively of young male participants, so a
direct validation on female subjects and older ones was not
conducted. Rather than a limit, this might be seen as a validation
for the examined population, although it can be extended to
other worker categories.
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Conclusions
This study investigated the biomechanical impact of various
levels of HRC on postural control during working tasks while
standing, providing substantial insights into the benefits of cobot
assistance for workers’ safety and ergonomics. Through an
analysis of CoP trajectories and related parameters, it was found
that higher levels of cobot collaboration, particularly in the
HRT, HRb, and FRb modalities, significantly improved postural
stability and reduced biomechanical load on workers. These
findings suggest a decreased risk of MSDs, as evidenced by
lower values in CoP-derived parameters when cobot assistance
increases. The study also highlighted that the intraindividual
variability of CoP parameters diminished when levels of cobot
involvement were increased: this indicates on one side that
cobot integration promotes more uniform ergonomic benefits
across different individuals, but at the same time it may tend to
impose a similar behavior in balance control which can lead
subjects to adopt less ecological strategies.

Moreover, while participants can set autonomously their
repetition pace, HRC activities will determine an increased
homogenization of repetition rhythm (or parts of it) across
workers, and this may potentially lead to decrease ergonomics,

as subjects can feel forced to perform the required tasks based
on timings dictated by HRC. Intermediate collaboration
modalities, such as HRT, can provide both advantages in terms
of reduction of CoP-derived parameters—that can be indirectly
associated with a reduced biomechanical risk—with the
possibility of selecting a more comfortable rhythm in executing
tasks.

However, further research is needed to explore the long-term
effects of cobot assistance on worker health and productivity.
In particular, future studies should include other sensing
technologies, able to capture the neuromechanics of HRC. In
addition, application to diverse populations and real-world
industrial settings to generalize the results and provide a more
comprehensive understanding of the benefits and potential
challenges of cobot integration. Additionally, exploring the
psychological and social impacts of working with cobots on
employees would provide a holistic view of the implications of
collaborating scenarios in industrial environments: if properly
integrated into working environments cobots can potentially
revolutionize industrial work by enhancing safety, efficiency,
and ergonomic well-being, facilitating the development of more
intelligent and flexible workrooms and working conditions.
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Abstract

Background: During the COVID-19 pandemic, in-person visitation within hospitals was restricted and sometimes eliminated
to reduce the risk of transmission of SARS-CoV-2. Many health care professionals created novel strategies that were deployed
to maintain a patient-centered approach. Although pandemic-related restrictions have eased, these systems, including
videoconferencing or web-based bedside visits, remain relevant for visitors who cannot be present due to other reasons (lack of
access to transport, socioeconomic restraints, geographical distance, etc).

Objective: The aims of this study were (1) to report the experience of intensive care nursing staff using a bespoke
videoconferencing system called ICU FamilyLink; (2) to examine the scenarios in which the nursing staff used the system; and
(3) to assess the future use of videoconferencing systems to enhance communication with families.

Methods: A modified Telehealth Usability questionnaire was administered to the nursing staff (N=22) of an intensive care unit
in a model 4 tertiary hospital in Ireland 1 year after implementing the bespoke videoconferencing system.

Results: In total, 22 nurses working in the intensive care department at University Hospital Galway, Ireland, responded to the
survey. A total of 23% (n=5) of participants were between the ages of 25 and 34 years, 54% (n=12) were between 35 and 44
years, and 23% (n=5) were between 45 and 54 years. Most (n=15, 68%) of the participants reported never using videoconferencing
in the intensive care setting to communicate with family members before March 2020. The modified Telehealth Usability
Questionnaire showed overall satisfaction scores for each subcategory of ease of use and learnability, interface quality, interaction
quality, reliability, satisfaction and future use, and usefulness. In total, 21 (95%) participants agreed or strongly agreed with the
statement, “I would use the ICU FamilyLink system in future circumstances in which family members cannot be physically
present (ie, pandemics, abroad, inability to travel, etc),” and 1 participant responded neutrally. One participant highlighted a
common scenario in intensive care settings in which a videoconferencing system can be used “Even without COVID, web-based
communication is important when patients become unexpectedly ill and when families are abroad.”

Conclusions: This study provides valuable insights into health care professionals’ experience using a videoconferencing system
to facilitate web-based visits for families. We conclude that videoconferencing systems when appropriately tailored to the
environment with the users in mind can be an acceptable solution to maintain communication with family members who cannot
be physically present at the bedside. The bespoke videoconferencing system had an overall positive response from 22 nursing
staff who interacted with the system at varying frequency levels.

(JMIR Hum Factors 2025;12:e54560)   doi:10.2196/54560

KEYWORDS

telemedicine; health; telehealth; videoconferencing; web-based; usability; intensive care; critical care; communication; COVID-19;
SARS-COV-2; intensive care unit; ICU; cross-sectional survey; nursing; transmission; transmission risk; usability questionnaire;
questionnaire; reliability; satisfaction; usefulness; family
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Introduction

Background
In recent years, many intensive care departments have adopted
a patient- and family-centered care approach. This includes
having close family members physically present at the bedside
during day-to-day activities and attending care meetings.
Previous studies have highlighted the psychological and physical
benefits of this approach for patients and their families during
an individual’s inpatient stay in intensive care [1-3]. However,
having family members physically present at the patient’s
bedside can be difficult or even impossible due to geographical
distance, financial challenges, and other family obligations. A
significant barrier to bedside visits in the recent past was the
COVID-19 pandemic.

The pandemic imposed severe and often complete restrictions
on visits and forced health care professionals to change their
traditional way of delivering patient care [4]. Prior to
COVID-19, critical care nursing staff had been striving toward
involving relatives in the intensive care unit (ICU) setting.
However, many ICUs suspended these practices with the
imposition of visitor restrictions [5]. These restrictive policies
were introduced to decrease the risk of transmission of
COVID-19 in health care settings [4]. These policies have been
shown to be extremely isolating for patients, distressing for
family members, and even hampering clinical care provided by
health care professionals [1,6]. In particular, patients who are
critically ill or vulnerable are often reliant on family for support,
and at times, families are surrogate decision makers for patients.
Health care professionals quickly realized the impact of visitor
restrictions on family-centered care in intensive care settings.
They called urgently for ways to maintain communication with
family members who were no longer allowed to be physically
present at the bedside [7]. At the beginning of the pandemic,
hospitals quickly adopted technological solutions, including
videoconferencing systems, to maintain or reopen
communication channels. Previous studies have shown that
adopting telemedicine solutions has numerous barriers, including
the user’s acceptance and experience with the technology [8-10].
Other studies have shown positive patient experiences using
videoconferencing systems for web-based family support during
patient rounds. However, other studies identify challenges for
health care professionals, including additional workload and

difficulty learning and integrating new technology into clinical
practice [11,12].

Prior to the pandemic, videoconferencing in the intensive care
department was limited to tele-ICU and rarely used for remote
family communication. At the start of the COVID-19 pandemic,
ICUs worldwide adopted various modes of maintaining
communication with family members who were not allowed to
be physically present at the bedside due to the risk of
transmission of COVID-19. Intensive care units often serve
wide geographical areas, so videoconferencing systems have
the potential to improve communication with patients’ families
and reduce the psychological effects of intensive care admission
on both patients and families. Videoconferencing systems can
enable family members who cannot be physically present to be
more involved during a patient’s intensive care journey.

Aim of the Study
The aims of this study were (1) to report the experience of
intensive care nursing staff using a bespoke videoconferencing
system designed for patients and staff to communicate with
patients’ families remotely during hospitalization in an intensive
care department of a tertiary referral hospital that had no prior
video-calling system in place; (2) to examine the scenarios that
nursing staff used the videoconferencing system; and (3) to
assess the future use of videoconferencing systems to enhance
family communication in intensive care settings using a
modified version of the validated Telehealth Usability
Questionnaire (mTUQ) [13].

Methods

Overview of ICU FamilyLink
A bespoke videoconferencing system called “ICU FamilyLink”
was developed for the intensive care environment to allow for
ad hoc web-based bedside visits available 24/7 with 1 or more
close family members who may be in separate households [14].
The system was designed to be easy to use and to allow health
care professionals to maintain appropriate control to maintain
the security and privacy required for a hospital setting. The
technology was chosen to deliver a reliable connection with
high-quality audio and video. Several key requirements were
previously identified during the iterative process of development
[14]. This system used a 23-inch touch-screen video end point
mounted on a mobile unit stand with a commercial cloud
videoconferencing platform (Figure 1).
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Figure 1. Video end point mounted on a mobile unit stand at an intensive care unit bedside.

A simple menu was designed for ease of use and maximum
video-call security. Functions such as recording, chat, and screen
sharing were disabled for security and privacy. The home screen
mirrored the department’s naming scheme for patient bed spaces
and had the minimum number of clicks to connect. Three mobile
video units were available for bedside web-based visits, and a
stationary unit was available in a quiet room for medical staff
to meet with families digitally.

A suite of documents, email templates, and multimedia was
also created to support staff training, use, and troubleshooting.
In addition, volunteer IT professionals operated a helpline for
family members to ensure clinical staff were not burdened by
technical queries outside their clinical training scope. A Data
Protection Impact Assessment was completed, and the system
was in keeping with hospital protocol and General Data
Protection Regulation compliant.

The system was developed and rapidly introduced, with the first
call within 2 weeks and the complete system rollout in under 3
weeks. Despite this rapid rollout, significant emphasis was

placed on staff training, completion of relevant hospital risk
assessments, and adherence to hospital policies. Focus on these
areas was essential to ensure that staff, who were the main
facilitators of the system, would find the system acceptable.

Survey Development
The validated Telehealth Usability questionnaire (TUQ) was
used with minor modifications to capture relevant information
to the specific use case [13]. The modified questionnaire
(mTUQ) was developed with input from clinicians, engineers,
a medical physicist, and a senior intensive care nurse.

The survey consisted of 40 questions in total. It included 22
questions from the TUQ, using a 7-point Likert scale, to assess
the ease of use and learnability, interface quality, interaction
quality, reliability, satisfaction and future use, and usefulness.
The remaining questions ascertained participants’demographics
and details on the respondent’s use of the videoconferencing
system in the ICU. Free-text comment boxes were available to
gather additional qualitative data.
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Recruitment
The mTUQ was distributed in paper form and via a web-based
survey 1 year after the ICU FamilyLink was deployed. This
allowed the system to become established in the department
and minimized any bias that may have been created at the peak
of the pandemic. All ICU nursing staff were eligible to
participate in this study. Nursing staff were the primary users
and facilitators of the ICU FamilyLink system. The system was
mainly used for web-based bedside visits, rather than formal
medical updates from the ICU medical team, although it was
available if needed. The survey was open to any ICU staff
member. Staff were recruited via emails, verbal reminders at
nursing handover, and paper copies of surveys left in break
rooms and main staff areas.

Data Analysis
Data were exported from the web-based survey and manually
inputted from the paper surveys into a Microsoft Excel
spreadsheet for analysis.

Ethical Considerations
Ethics approval for this study was obtained from the Galway
Hospital Clinical Research Ethics Committee (ref C.A. 2674),
and written informed consent, including web-based signatures
for web-based participants was obtained from all respondents.
All respondents participated voluntarily, could opt out at any

point, and did not receive financial compensation. All data were
anonymized.

Results

A total of 22 nurses who had been working in the intensive care
unit at University Hospital Galway responded to the survey.
All the respondents had used the ICU FamilyLink system at
least once, although prior usage was not a requirement for
participation in this study.

Characteristics of Participants
All participants were nursing staff, of these, 18% (n=4) were
nurse managers. In total, 23% (n=5) of participants were
between the ages of 25 and 34 years, 54% (n=12) were between
35 and 44, and 23% (n=5) were between 45 and 54 years. A
total of 68% (n=15) of participants reported that they had never
used videoconferencing in the intensive care setting to
communicate with family members prior to March 2020 (Table
1).

During the initial introduction of the system, short training
sessions were held, “superusers” were trained, and an instruction
manual and video training were created. The survey showed
that 36% (n=8) of participants watched a colleague before
independent use and 77% (n=17) asked a colleague to teach
them.

Table . Baseline characteristics of respondents.

Respondents (N=22), n (%)

Age categories (years)

5 (23)    25-34

12 (54)    35-44

5 (23)    45-55

Role

18 (82)    Staff nurse

4 (18)    Nurse manager

Prior experience with any videoconferencing software in the critical care setting to communicate with patient’s family members

7 (32)    Yes

15 (68)    No

Frequency of use (number of video calls)

6 (27)    1-2

3 (14)    3-5

4 (18)    6-10

4 (18)    10-20

5 (23)    >20

Participants’ Use of ICU FamilyLink
The system’s usage was examined based on the frequency of
video calls made (Table 1) and various scenarios (Table 2). In
total, 27% (n=6) of participants used the system only 1-2 times,
while 23% (n=5) of participants used the system over 20 times.
Participants most commonly used the system for family time

with patients while the staff were present (n=19, 86%), family
time with the patient without clinical staff present (n=15, 68%),
and providing daily progress updates (n=10, 45%). In total, 27%
(n=6) used the system for remote family support while 1 family
member was physically present at the bedside. While 9% (n=2)
of respondents used the system to deliver bad news, 14% (n=3)
used the system for an end-of-life scenario; 1 respondent
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reported using the system for a formal care team meeting with
the family. In addition, respondents were asked what purposes
they felt the system was not suitable for (Table 3). A total of
45% (n=10) of respondents felt that delivering bad news and

end of life were not suitable scenarios for using the
videoconferencing system (Table 3). One respondent commented
that, “Ideally, you would give bad news in person, but it could
be used if not possible.”

Table . Use of the ICU FamilyLink system.

Respondents (N=22), n (%)Scenarios that the respondent has used the ICU FamilyLink system

19 (86)Family time with the patient (while clinical staff carry out routine care)

15 (68)Family time with the patient (without clinical staff present)

10 (45)Daily progress updates

6 (27)Remote family support for a designated in-person family member

3 (14)End of life

2 (9)Giving bad news

1 (4)Formal care team meeting or family meeting

0 (0)Education session for family

Table . Scenarios that participants felt were not suitable for the ICU FamilyLink system.

Respondents (N=22), n (%)Clinical scenarios

10 (45)Giving bad news

10 (45)End of life

7 (32)All are suitable

3 (14)Formal care team meeting or family meeting

2 (9)Education session for family

1 (4)Daily progress updates

1 (4)Other

1 (4)Family time with the patient (without clinical staff present)

1 (4)Family time with the patient (while clinical staff carry out routine care)

0 (0)Remote family support for a designated in-person family member

Usability Attributes of the Videoconferencing System
Using the mTUQ
The mTUQ showed an overall positive satisfaction score for
all subcategories, including ease of use and learnability, interface

quality, interaction quality, reliability, satisfaction and future
use, and usefulness (Table 4).
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Table . Responses to the modified Telehealth Usability questionnaire (N=22).

Strongly agree,
n (%)

Agree, n (%)Somewhat agree,
n (%)

Neutral, n (%)Somewhat dis-
agree, n (%)

Disagree, n (%)Strongly dis-
agree, n (%)

Ease of use and learnability

8 (36)3 (14)6 (27)3 (14)2 (9)0 (0)0 (0)1. It was easy to
learn how to set
up and use the
system.

7 (32)2 (9)8 (36)2 (9)3 (14)0 (0)0 (0)2. It was simple
to use the sys-
tem.

2 (9)6 (27)7 (32)4 (18)1 (4)2 (9)0 (0)3. Compared to
facilitating and
managing in-
person visits, the
FamilyLink sys-
tem was a more
time-efficient
way to engage
with families.

Interface quality

8 (36)3 (14)4 (18)4 (18)2 (9)1 (4)0 (0)4. I am able to
navigate setup,
initiate, and
complete calls
without difficul-
ty.

8 (36)6 (27)5 (23)2 (9)0 (0)1 (4)0 (0)5. The onscreen
menu for Fami-
lyLink was intu-
itive to navigate.

10 (45)5 (23)4 (18)2 (9)1 (4)0 (0)0 (0)6. The ICU Fam-
ilyLink system
could do every-
thing I wanted it
to do.

Interaction quality

14 (64)4 (18)3 (14)0 (0)0 (0)1 (4)0 (0)7. The video
quality was good
and provided a
clear 2-way con-
versation be-
tween me (and
the patient, when
able) and the
family members.

14 (64)5 (23)1 (4)1 (4)1 (4)0 (0)0 (0)8. The audio
quality was good
and provided
clear 2-way con-
versation be-
tween me (and
the patient, if
able) and their
family members.

10 (45)5 (23)1 (4)6 (27)0 (0)0 (0)0 (0)9. I prefer the
ICU FamilyLink
monitor on a
stand rather than
a handheld de-
vice or smaller
tablet.
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Strongly agree,
n (%)

Agree, n (%)Somewhat agree,
n (%)

Neutral, n (%)Somewhat dis-
agree, n (%)

Disagree, n (%)Strongly dis-
agree, n (%)

10 (45)5 (23)6 (27)1 (4)0 (0)0 (0)0 (0)10. I was able to
express myself
effectively using
the FamilyLink
system.

8 (36)6 (27)3 (14)2 (9)2 (9)1 (4)0 (0)11. Compared to
telephone conver-
sations, the ICU
FamilyLink was
better to commu-
nicate and ex-
pressing impor-
tant messages.

Reliability

11 (50)4 (18)4 (18)2 (9)1 (4)0 (0)0 (0)12. The system
was reliable and
consistently facil-
itated video
calls.

4 (18)8 (36)3 (14)3 (14)0 (0)2 (9)2 (9)13. I feel the
FamilyLink sys-
tem facilitates
private and se-
cure communica-
tion.

4 (18)10 (45)4 (18)4 (18)0 (0)0 (0)0 (0)14. Whenever I
made a mistake
using the ICU
FamilyLink sys-
tem, I could
quickly recover.

6 (27)6 (27)7 (32)2 (9)0 (0)1 (4)0 (0)15. Family
members were
able to follow
the emailed in-
structions and
connect to a
web-based visit
call without addi-
tional technical
assistance from
me or other
health care staff.

Satisfaction and future use

8 (36)8 (36)5 (23)1 (4)0 (0)0 (0)0 (0)16. I feel com-
fortable commu-
nicating with my
patient’s family
members using
the FamilyLink
system.

11 (50)9 (41)2 (9)0 (0)0 (0)0 (0)0 (0)17. The ICU
FamilyLink sys-
tem is an accept-
able way to
communicate
while visitors are
restricted.
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Strongly agree,
n (%)

Agree, n (%)Somewhat agree,
n (%)

Neutral, n (%)Somewhat dis-
agree, n (%)

Disagree, n (%)Strongly dis-
agree, n (%)

15 (68)6 (27)0 (0)1 (4)0 (0)0 (0)0 (0)18. I would use
the ICU Fami-
lyLink system in
future circum-
stances in which
family members
cannot be physi-
cally present (ie,
pandemics
abroad and in-
ability to travel).

10 (45)7 (32)2 (9)2 (9)1 (4)0 (0)0 (0)19. I will use the
ICU FamilyLink
system in addi-
tion to in-person
visits in the fu-
ture.

16 (73)4 (18)1 (4)1 (4)0 (0)0 (0)0 (0)20. I would rec-
ommend the
ICU FamilyLink
system in other
health care set-
tings.

Usefulness

15 (68)5 (23)2 (9)0 (0)0 (0)0 (0)0 (0)21. The ICU
FamilyLink sys-
tem provides for
continuity of
communication
while visiting is
limited.

13 (59)5 (23)3 (14)1 (4)0 (0)0 (0)0 (0)22. The ICU
FamilyLink sys-
tem has positive-
ly impacted the
overall care of
patients in criti-
cal care during
the visitor restric-
tions.

Ease of Use and Learnability
The majority of nursing staff responded positively to ease of
use and learnability questions. Interestingly, when specifically
asked to compare the time efficiency of organizing in-person
visits versus web-based visits (question 3), 18% (n=4) of
participants responded neutrally, 14% (n=3) provided negative
responses, and 68% (n=15) gave positive responses (Table 4,
questions 1-3).

Two comments were made about the process of sending the
videoconferencing link to family members, indicating the need
to improve the process.

The equipment itself was very easy to use, it can be a pain to
log out of the computer and relog in, an app on the computer
at the nurses station would be better.

[Respondent who used the system 10-20 times]

I think it would be beneficial if the email sent to the families to
download the software could be sent to every computer in the
unit.

[Respondent who used the system more than 20 times]

These comments indicate an area for improvement to reduce
the burden of work for staff members and highlight the
frustration staff commonly feel when newly introduced
technology adds extra tasks. There are limitations to fully
integrating technology; however, decreasing the administration
time for the clinical staff could lead to better technology uptake.
Despite this feedback, the 2 participants reported frequent use
of the system.

Interface Quality
Nursing staff most frequently responded with “strongly agree”
to the interface quality questions, question 4 (n=8; 36%),
question 5 (n=8; 36%), and question 6 (n=10; 45%), respectively
(Table 4).
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Free text comments from 2 participants included “very simple
and easy to use” and “good quality.”

Interaction Quality
A total of 64% (n=14) participants strongly agreed that the video
and audio quality was good and provided clear 2-way
conversation. When asked about their preference for the ICU
FamilyLink monitor on a stand rather than a handheld device
or smaller tablet, the majority of participants (n=16, 73%)
responded in the positive, only 6 (27%) participants were
neutral, and none responded in the negative. Most of the
respondents (n=17, 77%) felt that compared to telephone
conversations, the ICU FamilyLink was better for
communicating and expressing important messages (Table 4,
questions 7-11).

One participant highlighted the importance of network coverage
for family members, though beyond the hospital’s control, was
an important factor: “Very dependent on internet coverage for
the family.” Another participant indicated that the visual aspect
of the system was better than phone communication: “It helped
build a connection with families that isn’t possible via phone.”

Reliability
Overall, respondents more frequently responded positively to
reliability (Table 4, questions 12-15). However, 4 (18%)
respondents disagreed or strongly disagreed with the statement,
“I felt the ICU FamilyLink system facilitates private and secure
communication.”

Satisfaction and Future Use
All participants responded positively to the statement, “The
ICU FamilyLink system is an acceptable way to communicate
while visitors are restricted.” In total, 21 (95%) participants
agreed or strongly agreed with the statement, “I would use the
ICU FamilyLink system in the future circumstances in which
family members cannot be physically present (i.e., pandemics,
abroad, inability to travel, etc),” and 1 participant responded
neutrally (Table 4, questions 16-20).

Qualitative data also indicate health care professionals’positive
feedback and wish to use the system in the future:

Even without COVID, online communication is important when
patients become unexpectedly ill, and families are abroad.

Extremely valued by family members, I have had limited
exposure to its use due to working mostly night shifts.

Familylink has been a lifesaver during the pandemic; in my
opinion, it is very easy to use and great for patients to be able
to see their relatives onscreen while visiting is restricted. I will
use it at any opportunity.

Usefulness
In total, 21 (95%) participants responded positively to questions
about usefulness (Table 4, questions 21 and 22), except 1 neutral
response to question 22: “The ICU FamilyLink system has
positively impacted the overall care of patients in intensive care
during the visitor restrictions.”

Discussion

Overview
With an overall shift toward a patient- and family-centered
approach, health care professionals can harness technology to
enable and optimize this approach. However, with the
introduction of any technology into a new environment,
particularly one as complex as health care delivery, careful
design, assessment, and research should be completed to ensure
acceptability, usability, and impact on all users. While health
care professionals are trained to a high degree in health and
medicine, their training, understanding, and use of technology
vary widely.

Strengths, Limitations, and Future Directions
This study included participants who had only interacted with
the ICU FamilyLink system a handful of times and also very
frequent users. It also was inclusive for all age ranges and had
both staff grade and senior nurses. In usability studies, it is vital
to capture input from all spectrums of technical users.

One limitation of this study was that it did not interview or
survey patients or their families. While this was considered,
due to limited staff and stressful circumstances for patients and
families, it was not included as a component of the study. There
have been studies recently published examining family and
patient experiences in using both phone and video for web-based
visits [15-17]. Staff acceptance is critical for implementing
systems like the ICU FamilyLink into regular practice. ICU
staff are usually required to facilitate these calls due to the
dependency needs of the ICU patients.

This study, like many similar studies, was conducted under
pandemic conditions. The TUQ was modified to account for
these conditions. It is encouraging that responses to questions
on usefulness and future use are overall positive, with 68%
(n=15) of respondents “strongly agreeing” that they would use
the ICU FamilyLink system in future circumstances in which
family members cannot be physically present (question 18).
While there are positive indications for postpandemic use and
its potential value is noted by the staff members, confirming
these results outside of pandemic conditions would be important.

Conclusions
The findings of this study provide valuable insights into health
care professionals’ experiences using a videoconferencing
system to facilitate web-based bedside visits for family
members. We conclude that when appropriately tailored to the
environment and with the users in mind, videoconferencing
systems can be an acceptable solution for maintaining
communication with family members who cannot be physically
present at the bedside. Further studies are needed to better
understand usability factors for technology in order to enhance
and augment communication with ICU patients, staff, and
patients’ family members.
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Abstract

Background: Mobile health (mHealth) apps provide easy and quick access for end users to monitor their health-related activities.
Features such as medication reminders help end users adhere to their medication schedules and automatically record these actions,
thereby helping manage their overall health. Due to insufficient mHealth tools tailored for HIV preventive care in young men
who have sex with men (MSM), our study evaluated the usability of the mChoice app, a tool designed to enhance preexposure
prophylaxis (PrEP) adherence and promote sexual health (eg, encouraging the use of condoms and being aware of the partner’s
HIV status and PrEP use).

Objective: This study aimed to apply systematic usability evaluations to test the mChoice app and to refine the visualizations
to better capture and display patient-reported health information.

Methods: Usability testing involved heuristic evaluations conducted with 5 experts in informatics and user testing with 20
young MSM who were taking or were eligible to take PrEP.

Results: End users demonstrated satisfaction with the appearance of the mChoice app, reporting that the app has an intuitive
interface to track PrEP adherence. However, participants highlighted areas needing improvement, including chart titles and the
inclusion of “undo” and “edit” buttons to improve user control when recording PrEP use.

Conclusions: Usability evaluations involving heuristic experts and end users provided valuable insights into the mChoice app’s
design. Areas for improvement were identified, such as enhancing chart readability and providing additional user controls. These
findings will guide iterative refinements, ensuring that future versions of the app better address the needs of its target audience
and effectively support HIV prevention.

(JMIR Hum Factors 2025;12:e59780)   doi:10.2196/59780

KEYWORDS

HIV prevention; data visualization; patient-reported health information; mHealth; digital health; usability; human immunodeficiency
virus; preexposure prophylaxis; men who have sex with men; apps; HIV; PrEP

Introduction

The incidence of HIV, although having declined modestly
overall in the United States, remains a significant public health
problem for men who have sex with men (MSM) [1,2]. Notably,
young MSM aged 13 to 34 years represent 58% of the estimated
HIV infections in 2021, indicating a pressing need for targeted
intervention in this group [2]. Preexposure prophylaxis (PrEP)
is a highly effective biomedical prevention strategy to reduce
HIV incidence and curb the HIV epidemic [3-10]. When taken
as prescribed (daily or at least 4 times per week), PrEP reduces
HIV transmission by up to 99% among MSM [7-9,11-13]. While
awareness of PrEP has increased among MSM [14,15], those

who are most disproportionately affected have been found to
be less aware of PrEP [15], and overall, widespread uptake
among those with the greatest indications for PrEP remains low
[14-17].

To overcome this clinical and public health challenge,
technological interventions, such as mobile health (mHealth)
apps, have emerged to support public health care initiatives
[18]. However, despite the potential of mHealth for delivering
sexual health and HIV prevention awareness, mHealth is
underutilized for supporting PrEP adherence [19,20]. In
response, our study team developed mChoice, an innovative
PrEP adherence monitoring app, which combines the CleverCap
smart pill bottle with WiseApp, allowing end users to
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self-monitor and manage their medication adherence. The
CleverCap pill bottle dispenses the prescribed medication and
interfaces with WiseApp for real-time tracking. The app was
created by Compliance Meds Technology and has been used in
prior studies among persons living with HIV [10,21-25]. It was
adapted for the mChoice study. The app’s key functionalities
include monitoring PrEP adherence, visualizing data trends,
and documenting sexual behavior, particularly among young
MSM from diverse backgrounds.

A notable issue in the proliferation of mHealth apps is the
development of this technology with minimal input from end
users, leading to poor design, inadequate consideration of user
needs, and ultimately, poor usability [26]. Poorly designed apps,
lacking in usability, are prone to misuse, underutilization, and
failure to achieve their intended objectives.

To ensure the best utilization of mHealth apps, it is essential to
understand their usability, keeping in mind target end users (eg,
young MSM), tasks (eg, PrEP adherence management and
sexual health tracking), and cultural contexts (eg, language and
beliefs). Adherence to PrEP is crucial for its effectiveness in
preventing HIV, yet many young MSM face challenges such
as inconsistent medication schedules and limited access to
tailored support tools. The mChoice app was designed to address
these barriers by providing intuitive features, including
medication reminders, adherence tracking, and functions to
support sexual health decision-making. In this study, we sought
to apply systematic usability evaluations to test the mChoice
app and to refine the functions to better capture and display
patient-reported health information.

Methods

Ethical Considerations
The Columbia University Institutional Review Board reviewed
and approved all study activities (approval number AAAT8812).
Participants signed informed consent forms prior to participating
in usability testing. In our dataset, each participant was assigned
an identifier, and information was deidentified at the point of
analysis.

Heuristic Evaluation

Sample
Usability testing of the mChoice app included heuristic
evaluation conducted with experts in informatics and end-user
testing conducted with young MSM. Five experts were recruited
as evaluators in accordance with Nielsen’s recommendation to
include 3 to 5 experts in usability testing [27]. Of the 5 experts,
4 had a PhD in Nursing with expertise in human-computer
interaction, interface design, and usability testing. The
experience of the experts varied between 7 and 23 years, with
several impactful publications in the field of informatics.

Procedure
The experts were provided with the mChoice app and asked to
complete a session in the app through case scenarios that
represented the main functions of the system and think-aloud
methodology [28]. The mChoice app required a password, and
all study data were encrypted and stored on secure
HIPAA-compliant servers at Columbia University. The experts
were asked to describe what they were thinking, seeing, and
doing as they completed the following 10 scenarios: (1) log in
to the CleverCap app; (2) complete a sexual activity log; (3)
mark your PrEP dose for today as “Taken”; (4) view tomorrow’s
pending PrEP dose; (5) edit your sexual activity log; (6) delete
your sexual activity log; (7) view information on PrEP dosing
over the past month; (8) send a chat to the study team; (9) watch
a video about an HIV story; and (10) find PrEP information
(see Figures 1 and 2 illustrating app functions and Figure 3
demonstrating the CleverCap smart pill bottle). Following their
use of the app, the experts completed an online Heuristic
Evaluation Checklist to assess how the system adhered to
Nielsen’s 10 usability principles [27] using Qualtrics XM, an
online survey software. Each question ranged from 0 (not a
usability problem) to 4 (usability catastrophe). A member of
the research team analyzed the experts’ comments regarding
usability problems to identify areas of usability concern that
could be targeted for improvement. The mean usability problem
severity scores were calculated for each of the 10 usability
heuristics.
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Figure 1. Sexual activity log. A confidential and secure feature for users to record their sexual activities, such as gender of partner, whether a condom
was used, and the HIV status of their partner. Users of the on-demand/intermittent (2-1-1) preexposure prophylaxis (PrEP) regimen can use this feature
to trigger subsequent PrEP dose reminders following sexual activity (ie, one pill 24 hours and one pill 48 hours after sexual activity).

Figure 2. Preexposure prophylaxis (PrEP) adherence tracking. A simple interface for users to track PrEP intake, facilitating adherence monitoring over
time. This feature is linked with the CleverCap device, a smart pill bottle that tracks when users take their medication. PrEP tracking is also customizable
for users on different PrEP regimens (ie, 2-1-1, injectable, or daily oral dose) to ensure the timely intake of PrEP medication. For instance, users on
injectable PrEP will be alerted of their upcoming appointment or need for their PrEP injection.
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Figure 3. CleverCap device. A smart pill bottle linked with the mChoice app to track preexposure prophylaxis (PrEP) medication.

End-User Testing

Sample
Twenty end users were recruited for the usability testing. The
eligibility criteria were young MSM between 18 and 39 years
old, English speaking, living in New York or Alabama, and
taking or eligible to take PrEP. The inclusion criteria were
designed to ensure the mChoice app was evaluated by its
intended target audience, ensuring a diverse usability evaluation.
Potential end users were contacted using a research database
and invited to participate in the study.

Procedure
During usability testing, the end users were provided with a
brief explanation of the mChoice app and its functions. The end
users were directed to complete the same 10 scenarios completed
by the experts in the heuristic evaluation. Sessions took place
remotely via Zoom meetings (Zoom Communications, Inc),
and a member of the team was present during sessions to provide
guidance when an end user was unable to move through a task
independently and to take notes. Following their use of the app,
the end users completed a survey using the Qualtrics XM
software.

The survey included demographics and two validated measures
of usability. The first usability measure was the self-reported
ease of use measured by using the Health Information
Technology Usability Evaluation Scale (Health-ITUES) [29,30].
This 20-item tool is designed to support customization at the
item level to match the health information technology while
retaining standardization at the construct level. It has been
demonstrated to be useful for evaluating the usability of mHealth
[31]. It is scored on a 5-point Likert scale ranging from 5
(strongly agree) to 1 (strongly disagree), where higher scores
indicate a system that is easier to use. The second measure was
the short version of the Post-Study System Usability
Questionnaire (PSSUQ), a 16-item survey that assesses users’
perceived satisfaction with a system [32]. Scoring is based on
a 7-point Likert scale ranging from 1 (strongly agree) to 7
(strongly disagree). Lower scores indicate satisfaction with the

system. Through validated measures, the end users contributed
feedback on the app’s functionality and user experience.

Data analysis was performed using R statistical software
(version 4.1.2; R Foundation for Statistical Computing) to
analyze the usability measures. The mean scores were calculated
for each survey.

Results

Heuristic Evaluation
Overall, the severity scores ranged from 0.8 to 2.2 for the 10
items on the heuristic checklist, where scores closest to 0
indicate a more usable system. The mean severity scores for
each heuristic item are presented in Table 1. The area identified
as the most in need of improvement was “user control and
freedom,” where the experts identified that the app did not have
an “undo” button or “edit” button for the PrEP medication entry.

The next most identified area for improvement was the
“visibility of the system status,” for which experts identified
the lack of one “add” button to add a new sexual event. To
improve the “visibility of the system status,” the experts
suggested we provide one “edit” button for modifying recorded
sexual encounters and incorporate a separate “add” button for
logging new encounters, especially in instances of multiple
events. Additionally, “consistency and standards” was an area
of concern with difficult terminology in charts. “Error
prevention” was another concern, and experts highlighted the
importance of one “edit” button to edit medication time as an
issue that might impede system usability. Experts provided
favorable feedback on the app’s user experience. One expert
(Expert 2) reported, “the app is very simple and intuitive
interface…and it’s nice that the button changes color with
pleasant colors.”

The rating score ranged from 0 (ie, best) to 4 (ie, worst), with
a score of 0 indicating no usability problem, 1 indicating a
cosmetic problem only, 2 indicating a minor usability problem,
3 indicating a major usability problem, and 4 indicating a
usability catastrophe.
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Table . Mean severity scores for items on the heuristic evaluation.

Experts’comments to identify the areas of usabil-
ity concerns

Mean (SD) severity scoreHeuristic principles

2.2 (1.3)User control and freedom • “No undo or edit for the medication entry.
This is a big problem.” (Expert 5)

1.6 (1.1)Visibility of the system status • “…When adding a sexual encounter record,
it is not clear whether it edits or adds a new
one, so there should be two buttons, one for
edit and one to add a new one. The screen
when you use edit also shows the old entry,
which implies you are editing it, not starting
a new one, but actually it is starting a new
one. That is confusing.” (Expert 3)

1.6 (1.1)Consistency and standards • “Not clear if the clever score is just adher-
ence or if it means something else.” (Expert
4)

• “…I think in the menu it says stats. Rather
than stats, it’d be adherence stats or adher-
ence tracking over time. You know some-
thing that makes it really clear what people
are clicking on.” (Expert 2)

1.6 (1.1)Error prevention • “When entering the time of a medication,
it might be easy to miss the AM/PM change.
I don’t think there’s any design change to
be made for this, but rather the user needs
to be able to edit their entry if they forget
to adjust this.” (Expert 4)

1.4 (1.3)Match between the system and the real world • “Would like to see one section specific to
PrEP information.” (Expert 5)

1.4 (0.9)Recognition rather than recall • “Some of the main features can be moved
to more obvious places.” (Expert 1)

• “Organization for videos could be im-
proved, especially if you plan to add more
content.” (Expert 4)

1.4 (1.3)Help and documentation • “Information buttons and an introduction
to the app would be helpful.” (Expert 1)

1.2 (1.1)Help users recognize, diagnose, and recover from
errors

• “When the dose was missed, no way to edit
if it was a mistype.” (Expert 5)

1.2 (1.1)Aesthetic and minimalist design • “Graphs need clearer tiles and more labels.”
(Expert 1)

• “Need more medication information or
guidance if adherence is low.” (Expert 5)

0.8 (1.1)Flexibility and efficiency of use • “…Search function for videos. Tags for
topics would be good, too.” (Expert 4)

End-User Testing
The end-user group for evaluating the mChoice app’s usability
consisted entirely of men, with the majority identifying as
homosexual (14/20, 70%). The mean (SD) age was 28 (3.4)
years. Half of the end users were White, and 75% (15/20) were
non-Hispanic or Latino. Considering education, 50% (10/20)
had a college degree. Two specific measures were employed
for the usability assessment: the Health-ITUES and the PSSUQ,
as detailed in Table 2.

The Health-ITUES scale, where a higher score indicates better
usability, showed that “perceived ease of use” scored the highest
with a mean (SD) score of 4.6 (0.5), suggesting a favorable user
assessment. However, “user control” received the lowest score
in this category, with a mean (SD) score of 3.8 (0.9),
corroborating the heuristic evaluator’s ratings.

Conversely, the PSSUQ, where a lower score indicates better
usability, reflected different aspects of the mChoice
performance. “System quality” scored the lowest with a mean
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(SD) of 1.7 (1.2), while “interface quality” had the highest score
with a mean (SD) score of 3.0 (1.8). These results suggested a
positive user experience with notable ease of use and system

quality strengths. However, there were areas for improvement,
particularly in enhancing user control and interface quality.

Table . Usability measures.

Mean (SD) scoreMeasures

Health-ITUESa

4.6 (0.5)    Perceived ease of use

4.1 (0.8)    Impact

4.0 (0.8)    Perceived usefulness

3.8 (0.9)    User control

4.2 (0.4)    Overall Health-ITUES score

PSSUQb

1.7 (1.2)    System quality

2.4 (1.3)    Information quality

3.0 (1.8)    Interface quality

2.3 (0.6)    Overall PSSUQ score

aHealth-ITUES: Health Information Technology Usability Evaluation Scale (rating the score from 5 being the best score to 1 being the worst score).
bPSSUQ: Post-Study System Usability Questionnaire (rating the score from 1 being the best score to 7 being the worst score).

Discussion

Principal Results
Our study evaluated the mChoice app’s usability in enhancing
PrEP adherence for young MSM. Overall, heuristic experts and
end users demonstrated satisfaction with the mChoice app,
reporting that it is a simple and intuitive interface for tracking
PrEP adherence. Graphs, charts, and icons are the main features
of mHealth apps that help end users track their goals, habits,
and achievements [33,34]. The mChoice app combines
iconography (eg, emoticons) and color-coded charts to provide
clear and immediate feedback on PrEP adherence. These diverse
visualizations allow end users to interpret their data in several
formats. The app includes emoticons in different colors (green
for high adherence, red for missed doses, and yellow for
off-schedule doses) to represent adherence status. For instance,
a sad emoticon in red for low adherence might highlight
medication adherence challenges and prompt self-reflection on
areas needing improvement. Such immediate visual feedback
can motivate end users to improve their medication routine. In
addition, graphs showed the trend of PrEP medication adherence
over time, including evidence-based information on the
percentage of missed, off-schedule, and on-time doses.

While prior research has indicated that varied data visualization
options help match different end users’ preferences [33] and
color-coded visual cues can aid in quick decision-making and
interpretation of health data [35-38], our study did not directly
assess end-user interpretations of these visual elements. The
mChoice app incorporates these evidence-based design
principles, but further research would be needed to evaluate
their impact on user comprehension and medication adherence
behaviors.

Our findings suggest that the visual elements available in the
mChoice app offer a positive end-user experience and function
accessibility that could assist in timely medication intake and
monitor adherence. However, our heuristic evaluation
highlighted areas needing improvement, particularly in the need
for clearer chart titles and more labels to exemplify each
component (eg, Clever score), underscoring the importance of
refinement of the mChoice design for optimized end-user
experiences.

The accuracy of the information collected through the mChoice
app was another area of attention that heuristic experts raised
concerns, particularly highlighting the absence of “undo,” “edit,”
and “add” buttons. These limitations restricted user control,
potentially affecting the accuracy of patients’health information
input. For instance, the absence of “undo” and “edit” buttons
could lead to inaccuracies if end users mistakenly enter the time
of their PrEP dose intake. Additionally, the lack of an “add”
button for recording multiple sexual events was seen as an
important barrier, restricting end users from documenting their
sexual event entries accurately. These findings underscore the
need for enhanced app capabilities to ensure accurate and
comprehensive user input and customizations. Similarly, other
studies [39,40] reported concerns about user experiences and
data accuracy in mobile apps, reinforcing the findings of our
study.

The actionable finding from this study is to reevaluate the
functions of the mChoice app after integrating end-user feedback
and addressing heuristic violations. Iterative usability
evaluations should be considered as a best practice in the app
development process to ensure the effectiveness of the app’s
future iterations.
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Limitations
A limitation of our study was the convenience sample, recruited
from a database that included participants who had participated
in past research and expressed interest in future studies.
Additionally, while our sample targeted young MSM,
English-speaking men, and those living in New York or
Alabama, this demographic representation might limit our ability
to understand how the app might perform for medication
adherence across diverse populations. Given that PrEP users
come from varied cultural, linguistic, and socioeconomic
backgrounds, our findings may not be generalizable to groups
whose cultural beliefs, language preferences, and health care
engagement patterns differ from those of our study population.
While end users were central for evaluating the usability of the
mChoice app through validated quantitative measures,
qualitative data were collected only from experts during heuristic
evaluations. In this study, we did not evaluate the artificial

intelligence or algorithmic components that could enhance
personalization and medication adherence predictions. Despite
these limitations, we identified areas of improvement to refine
the mChoice app. In addition, this study enriched the body of
research on evaluating the mHealth usability for HIV prevention.
This was achieved by employing end users and heuristic experts
to assess this innovative app designed for PrEP adherence and
HIV prevention.

Conclusions
Our usability study of the mChoice app involved rigorous
evaluations through interactive heuristic evaluations and
end-user testing. The results demonstrated the app’s simplicity
and user-friendly interface, showcasing its potential in
monitoring health-related activities such as PrEP adherence.
Further research could explore how these usability enhancements
might influence user engagement and behavior change to support
HIV prevention efforts.
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Abstract

Background: Wearable transdermal alcohol sensor (TAS) devices generate continuous data on alcohol consumption through
the indiscernible sweat vapors on the skin. This continuous alcohol monitoring capability could provide a new method for alcohol
services to monitor service users at various stages of their alcohol treatment.

Objective: We aimed to assess the feasibility of using a TAS as part of alcohol treatment with alcohol service users using the
device with or without contingency management (CM).

Methods: A feasibility study was conducted of a convenience sample of 29 current service users from 3 South London alcohol
services. Participants were randomized into either a control (treatment as usual) or CM group (treatment as usual+CM). We
assessed the feasibility of enrollment, participation, device tampering and return, and device wearability and the accuracy of data
capture. These data were reported descriptively where appropriate, the groups were compared, and alcohol self-report data were
compared to the transdermal alcohol concentration to assess accuracy.

Results: A total of 34 individuals were approached, and 32 (94%) were enrolled and randomized (n=17, 53% to the control
group and n=15, 47% to the CM group) over 5 months. In total, 3 participants withdrew (n=2, 67% from the control group and
n=1, 33% from the CM group). There was a total of 203 meetings arranged (29 participants × 7 meetings), and 185 (91.1%) were
attended. Only 1 of the 29 participants (3%) admitted to turning the TAS off to avoid monitoring. There were some issues with
the TAS not functioning properly and not being able to be cleaned. Removals were recorded, but the definition of TAS removal
may need to be improved for future trials. There was a high TAS return rate (28/29, 97% of the participants returned the TAS).
Secondary outcomes suggest that the BACtrack Skyn remains an accurate tool to monitor alcohol consumption compared to
self-report data and that it is acceptable to wearers over 2 weeks, with many participants (27/28, 96%) answering that they would
wear it again and for longer but that the CM procedure could be made clearer.

Conclusions: The delivery of CM via a TAS was feasible in this study, but recommendations for a future larger trial include
that the study design should be changed to provide an operationalized rather than manual method of checking whether TAS data
meet CM criteria. This would reduce researcher burden and researcher and participant time. Current recruitment and research
meeting design seem suitable for a future larger trial.

Trial Registration: International Standard Randomised Controlled Trial Number (ISRCTN) ISRCTN46845361;
https://www.isrctn.com/ISRCTN46845361

(JMIR Hum Factors 2025;12:e64664)   doi:10.2196/64664
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Introduction

Background
Various wearable transdermal alcohol sensor (TAS) devices
have been developed. These devices measure alcohol
consumption from alcohol vapors in the skin via sweat, known
as transdermal alcohol concentration (TAC), and can record at
automated regular intervals. One potential use of TASs is as a
tool for objective alcohol measurement in clinical alcohol
treatment.

TASs could be used in specialist community alcohol services
for monitoring alcohol consumption before detoxification to
determine drinking levels and patterns, during detoxification,
or after detoxification to be combined with sessions with key
workers and other psychosocial or medication treatment. The
recorded alcohol data could be used to consider triggers and
provide evidence of abstinence or alcohol reduction and proof
of engagement, which may be useful as evidence for funded
treatment, or TASs could be used to implement contingency
management (CM) for alcohol reduction. However, before TASs
can be implemented into treatment, their accuracy, acceptability,
and feasibility in this setting must be validated.

There have been several studies that have investigated the
various TAS device brands on TAC data accuracy compared to
self-report, blood alcohol concentration, and breath alcohol
content data [1-17]. Most of this previous research was
conducted with healthy adult volunteers [18,19]. Various brands
of TASs have been developed and are in differing stages of
validation and research. There have only been a few studies
conducted with a specific focus on exploring TAS acceptability
and feasibility measures [12,20-26] and even fewer specifically
on TAS implementation of CM rewards [1,2,26-31]. While most
of the TAS research reports on the SCRAM monitor, there is a
growing number of individuals using a newer generation of
TASs, the BACtrack Skyn [7,12-14,32-42].

CM has been evidenced as an effective treatment for substance
use. It is an established treatment recommended by the National
Institute for Health and Care Excellence [43] and has proven
to be effective for a range of substance use treatments [44-47].
Although initially developed to be used with alcohol use disorder
(AUD) treatment, it has had limited use in this area [48,49].
This is due to the nature of alcohol metabolism and its short
detectability within the body [50,51].

Currently used methods for alcohol measurement include breath,
blood, and urine tests, which have a relatively short time frame
to detect alcohol [52]. Thus, to accurately implement CM in
alcohol treatment, the individual would require frequent,
multiple breath, blood, or urine tests daily to prove abstinence
or alcohol reduction and accurately achieve CM rewards
[47,49,53,54]. This is not always feasible with staff time and
resources and increases the burden on both service users and
staff. The portable mobile phone–linked breathalyzer has also

tried to address this limitation and appears to work well in
tracking alcohol treatment progress [55-58]. However, it still
requires repeated daily compliance from the individual
completing each breathalyzer test.

The development of TASs has the potential to address CM
implementation with alcohol use and can provide a low-burden,
low-intensity solution [1,2,26-31]. Previous literature has started
to explore how TASs can implement CM [1,2,26-31]. These
studies have found the SCRAM monitor successful in
implementing the CM procedure and found that the CM
intervention was able to significantly reduce alcohol
consumption [1,2,27,29]. Of these 8 studies, none recruited
alcohol-dependent participants. In total, 2 involved recent
driving while intoxicated offenders with differing criteria on
alcohol consumption, 1 with an Alcohol Use Disorders
Identification Test score of ≥4 [28] and the other with an
Alcohol Use Disorders Identification Test score of ≥8 [30]; 2
recruited HIV-diagnosed individuals with higher levels of
alcohol consumption [26,31]; and the other 4 classified
participants as risky or heavy drinkers with varying ways to
define this [1,2,27,29]. The length of TAS wear periods and
CM length ranged from 1 to 4 months, and all studies were
conducted in the United States and used the SCRAM monitor.

This study followed a previous study that used the Skyn with
individuals in alcohol treatment wearing the device for 1 week
and interviewed staff on their thoughts [36,59,60]. From this
previous study, we found that most of the individuals were
willing to wear the device for longer and that staff want patients
wearing the device for longer than a week for it to be used in
alcohol treatment. Therefore, for this study, we extended the
wear time for 2 weeks and added the CM component. The
findings of this study will contribute to the knowledge on TAS
feasibility in alcohol research and providing CM in alcohol
services in South London.

Objectives
This study aimed to explore the feasibility, strengths, and
limitations of using a TAS to monitor alcohol consumption in
individuals in treatment for AUD with or without CM to
promote abstinence or low-level alcohol consumption.

Methods

This was a randomized controlled trial with a 1:1 allocation
ratio to the control and CM groups.

Patient and Public Involvement and Staff Consultation
To ensure that the recruitment, study design, and outcomes were
appropriate, when designing this study, we conducted monthly
patient and public involvement groups and staff consultation
for 6 months. Service users and staff from 3 South London
alcohol services were invited to attend. There were 2 meetings
held each month, one for service users (in person) and one for
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staff (on Microsoft Teams). In these groups, we discussed study
aspects and the participants’ thoughts on potential challenges.

Setting
In total, 3 drug and alcohol services were recruited from South
London and Maudsley National Health Service Foundation
Trust. The 3 services were the Pier Road Project (Erith),
Wandsworth Community Drug and Alcohol Service
(Wandsworth and Richmond), and the Assertive Alcohol
Outreach Team (Camberwell). All services were willing to be
involved in this study and had recruitment occur at their
facilities. At each service, after referral, patients typically
completed a community detoxification, were prescribed any
medication if appropriate, and started to attend group meetings
and regular one-to-one meetings with their key worker. All
participants that were recruited for this study were currently
attending groups and one-to-one sessions.

Participants and Sample Size
Participants were referred by service staff and by the researcher
attending patient groups to discuss the study. One of the aims
of this trial was to investigate the feasibility of conducting a
larger trial. Therefore, this study conducted no formal statistical
sample size calculation but aimed to recruit 30 participants (15
in each arm).

The inclusion criteria were (1) reception of alcohol treatment
for an AUD in one of the participating South London alcohol
services, (2) age of ≥18 years, (3) ability to speak English
competently, (4) ability to meet throughout the study period,
(5) no current participation in any other research trials, and (6)
willingness to provide informed consent to participate. Exclusion

criteria were (1) current use of any illegal or addictive
substances (excluding cannabis), (2) age of <18 years, and (3)
inability to speak English without a translator.

The study inclusion criteria were intentionally kept broad,
enabling individuals receiving any treatment for an AUD
(provided that they met the other criteria) to participate.

Randomization
Participants were randomized via dedicated software and sealed
envelopes by an independent statistician. The team member
recruiting participants (EB) was not aware of the randomization
allocation sequence until the sealed numbered envelope was
opened at each participant’s first research meeting. EB enrolled
all participants and assigned participants to their allocated group.
The researcher and participants were not blind to the allocation;
both were aware of whether they were receiving CM rewards.

Procedure
At enrollment, participants were randomized into one of two
groups: (1) treatment as usual+wearing a TAS (control group)
or (2) treatment as usual+wearing a TAS+CM for low or no
alcohol consumption as measured using the TAS (CM group).

Each participant had 7 research meetings arranged across 15
days. At the first meeting, the participant was trained in using
the TAS and provided with a quick leaflet guide to take home
with them, had the study protocol explained, and was
randomized into a group. Meetings 2 to 6 were for TAS data
download and timeline followback (TLFB) completion. At the
final meeting, meeting 7, participants also had TAS data
downloaded and completed the TLFB as well as a postwear
survey. This procedure is shown in Table 1.

Table 1. Study procedure—an example of the research meetings if the first meeting happened on a Monday.

Meeting description

Week 1

Meeting 1—talk participants through the study and train them in using the TASaMonday

Meeting 2—TAS data download and TLFBb (+CMc)Wednesday

Meeting 3—TAS data download and TLFB (+CM)Friday

Week 2

Meeting 4—TAS data download and TLFB (+CM)Monday

Meeting 5—TAS data download and TLFB (+CM)Wednesday

Meeting 6—TAS data download and TLFB (+CM)Friday

Week 3

Meeting 7—TAS data download, TLFB (+CM), and postwear surveyMonday

aTAS: transdermal alcohol sensor.
bTLFB: timeline followback.
cCM: contingency management.

If the participant was randomized into the CM group, in addition
to the aforementioned steps, at each meeting (meetings 2-7),
the TAS data were checked to confirm whether the participant
had been abstinent or consumed an amount of alcohol below
our set threshold and whether they had been wearing the TAS.
If they met these 2 criteria, they were then rewarded with the

corresponding amount for the days of abstinence or low level
of drinking.

The reason for the research meeting design was for regular TAS
data download to ensure that the TAS did not start overwriting
data. At the time of this study, the Skyn could store up to 72
hours before overwriting data. Participants also completed a
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TLFB with the researcher at every meeting, so they only had
to recall alcohol consumption for the previous 2 to 3 days [61].

CM Intervention
Participants who were randomized to the CM group could also
earn rewards by being abstinent or for low drinking as measured
using the TAS and wearing the TAS consistently (we specified
that removal of no more than 60 minutes per day was allowed
for a shower or bath). The CM reward was a £5 (US $6.25)
voucher for each day that the target behavior occurred. There
were also bonuses for consecutive days of the target behavior

occurring. At each meeting (meetings 2-7), the researcher
checked their TAC data and provided any earned CM rewards
since the previous meeting. If the participant met the target
behavior every single day for the study period, there was an
additional bonus given at the end (£35 [US $43.75]). Therefore,
a total of £180 (US $225.02) over the study period could be
given in CM vouchers. If there was a day in which this behavior
did not occur, then participants received no CM for that day
and were not eligible for that bonus. The CM plan is shown in
Table 2.

Table 2. Contingency management (CM) plan—an example of the CM plan for a Monday start. Participants were ineligible for CM if the device was
removed (skin temperature of <30 °C for >1 hour). A 1-time 1-hour removal was allowed per day.

CM bonus for 14 consecutive days of absti-

nence (£35 [US $43.75] for 14 days)c
CM bonus for consecutive-day absti-

nence (£5 [US $6.25] per day)b
CM for 1-day abstinence (£5

[US $6.25] per day)a
DayDay number

——d£5 (US $6.25)Monday1

——£5 (US $6.25)Tuesday2

—£10 (US $12.50; second meeting)£5 (US $6.25)Wednesday3

——£5 (US $6.25)Thursday4

—£10 (US $12.50; third meeting)£5 (US $6.25)Friday5

——£5 (US $6.25)Saturday6

——£5 (US $6.25)Sunday7

—£15 (US $18.75; fourth meeting)£5 (US $6.25)Monday8

——£5 (US $6.25)Tuesday9

—£10 (US $12.50; fifth meeting)£5 (US $6.25)Wednesday10

——£5 (US $6.25)Thursday11

—£10 (US $12.50; sixth meeting)£5 (US $6.25)Friday12

——£5 (US $6.25)Saturday13

——£5 (US $6.25)Sunday14

£35 (US $43.75; seventh meeting)£15 (US $18.75; seventh meeting)£5 (US $6.25)Monday15

aTotal of £75 (US $93.76).
bTotal of £70 (US $87.51).
cTotal of £35 (US $43.75).
dNot applicable.

Measures

BACtrack Skyn
The TAS used in this study was the BACtrack Skyn (model
T15). It was worn on the participants’ preferred wrist, but they
could change which wrist they wore it on during the study period
if that was comfortable for them. The Skyn continuously
measured the participant’s TAC while being worn, as well as
skin temperature (°C). Output was analyzed at 1-minute
intervals. The participants could remove the TAS at any time
if they did not wish to wear it and were required to remove it
for bathing as it is not waterproof. The CM group were told that
they could remove it once a day for up to 60 consecutive minutes
to bathe and still be eligible for their CM reward. If it was
removed for longer than an hour, they would no longer be able
to receive the CM reward. If they wore the TAS according to
this and the TAC did not increase above our set threshold of

115.660 µg/L, they were eligible for the CM reward for that
day. Our set threshold was based on previous work by the
research team [35].

TLFB Method
A TLFB was completed at meetings 2 to 7 to assess self-reported
alcohol consumption and compare it against TAC. The TLFB
is a calendar-based measure to record self-reported substance
use. A day was considered from midnight to 11:59 PM.

Postwear Surveys
Participants completed a postwear survey on their experience
of wearing the Skyn at their last meeting. This survey was
adapted from the work by Alessi et al [20]. If participants were
randomized to the CM group, they also completed a survey on
their CM experience. This survey was adapted from the work
by Miguel et al [62].
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Outcomes

Feasibility of the Trial
This primary outcome was the feasibility of this study design.
Feasibility was defined by enrollment, participation, device
tampering, removals, adjustments, malfunction rates, and the
number of TASs returned.

Enrollment
Participants who were identified, approached, eligible, and
enrolled were recorded. Participants who were approached but
did not wish to participate were asked about their main reason
for this. Participant safety was recorded via adverse events for
each participant. The number of participants enrolled on each
service was also recorded.

Participation
The number of attended meetings by enrolled participants,
withdrawal rate, compliance with wearing the TAS, and reasons
for incomplete participant data (nonattendance, TAS data
overwriting, and TAS technical faults) were recorded.
Participants were asked what their main reason was for
nonattendance or for not complying with TAS wear.

Removals
TAS removals were defined as a skin temperature of <30 °C
for >2 minutes. Removals were recorded for each participant.

Tampering
Participants were asked about tampering with the TAS if there
was no clear reason for missing TAC data in the output.

Malfunction
TAS errors, missing data due to a technical fault, and charging
or syncing issues were recorded, as well as how much data were
missing for these reasons.

TAS Return
The number of Skyn devices that were returned to the research
team at the end of each participant’s study period was recorded.

CM Delivery
The feasibility of TASs to measure CM target behavior was a
combination of the factors mentioned previously, including
compliance, removals, TAS tampering, malfunction, and
accuracy.

Secondary Outcomes

Acceptability

This was measured using the postwear survey.

Accuracy

Accuracy outcomes were measured using the TLFB and TAC
data. The TLFB was self-reported [63] and was used to
determine alcohol-drinking days and how many units were
consumed (in the United Kingdom, 8 g or 10 mL of pure
ethanol=1 unit). The TAS (BACtrack Skyn) continuously
measured TAC and skin temperature (°C), and from this, Skyn
removal and then reported drinking days based on the TAC

(µg/L) were determined. The TLFB and TAC data were analyzed
to determine TAS accuracy compared to self-report data.

To note, the alcohol-drinking day defined using TAC is different
to the CM intervention criteria, which allowed for a low amount
of drinking and had a higher TAC criterion of 115.660 µg/L.

Data Handling
There is currently no guidance from BACtrack to determine
drinking event criteria. Courtney et al [34] described their
procedure for processing Skyn output to identify drinking
episodes, and we used these guidelines when processing
participant data. We replaced any negative values recorded with
0 in the data output. Missing data were classified as any minutes
not reported. Removed data were those reporting a temperature
of <30 °C for >2 minutes.

An alcohol event was based on TAC greater than a specific
value (µg/L) for more than a set number of minutes. These
criteria were chosen due to previous work carried out by this
research team [35,59].

Analysis
Descriptive statistics were reported for baseline and
demographic variables. All statistical analyses were conducted
using SPSS (version 28; IBM Corp).

The feasibility outcomes reported included enrollment and
recruitment rate, participant attendance, response and
compliance, removals, TAS tampering and error, and TAS
return. Appropriate summary statistics were reported, and
independent-sample 2-tailed t tests were used to compare means
between the control and CM groups when appropriate.

Summary statistics were reported for the secondary outcomes
to be explored for a possible future larger trial. The postwear
survey answers were reported. TAS accuracy was determined
by analyzing the TAS data compared to self-report TLFB. The
analysis focused on the sensitivity, specificity, positive
predictive value, negative predictive value, and percentage
accuracy in classification of TAC compared to TLFB as the
gold standard. Recorded drinking and abstinent days were
assessed using Spearman rank correlations. Sensitivity in
detecting alcohol events and specificity in classifying an
alcohol-drinking day versus a non–alcohol-drinking day were
assessed using different TAC criteria: TAS 15 (TAC>15 µg/L
for >15 min), TAS 60 (TAC>15 µg/L for >60 min), and TAS
90 (TAC>15 µg/L for >90 min).

Ethical Considerations
This study was approved by the Cornwall and Plymouth
Research Ethics Committee (reference: 23/SW/0066) and
registered on the Open Science Framework and International
Standard Randomised Controlled Trial Number (reference:
ISRCTN46845361). Informed written consent was obtained
from all participants and their data were anonymized. All
participants received a £5 (US $6.25) voucher at every meeting
they attended (total for all 7 meetings=£35 [US $43.75]), a
voucher for the return of the TAS on the last meeting (£10 [US
$12.50]), and reimbursement for travel costs to each meeting.
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Therefore, each participant could have received up to £45 (US
$56.25) for their participation plus travel costs.

Results

Participants
A total of 32 healthy adult participants (n=10, 31% female and
n=22, 69% male) enrolled, and a total of 29 (91%) completed
the study. In total, 3 participants withdrew (n=2, 67% from the
control group and n=1, 33% from the CM group). Of these 3

withdrawals, 2 (67%) happened during the study period (P8
[control group] on day 3 and P28 [CM group] on day 12), and
1 (33%) occurred at the end of the first meeting (control group)
due to the specific type of voucher, which could not be used at
the participant’s local supermarket. P8 and P28 withdrew
because of personal circumstances changing. Therefore, a total
of 29 participants were included in the analysis (n=10, 34%
female and n=19, 66% male; Figure 1). Table 3 shows the
characteristics of the 29 participants included in the analysis
split by group (control vs CM).

Figure 1. Flowchart of participant recruitment and retention. CM: contingency management.
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Table 3. Differences in group characteristics.

Group intervention differenceCMa group (n=14)Control group (n=15)Characteristic

χ2
1=0.4; P=.52Sexb, n (%)

4 (28.6)6 (40)Female

10 (71.4)9 (60)Male

P=.1251.5 (9.77; 35-60)44.4 (13.78; 30-75)Age (y), mean (SD; range)

P=.5828.7 (6.35; 22.2-42.5)27.3 (6.24; 20.8-42.3)BMI (kg/m2), mean (SD; range)c

P=.24171.29 (7.49; 162-185)168.17 (6.40; 162-177)Height (cm), mean (SD; range)

P=.3184.63 (19.75; 59-126.33)77.2 (17.16; 53-112.5)Weight (kg), mean (SD; range)

χ2
16=43.3; P<.001Ethnicityb, n (%)

0 (0)3 (20)Black African

0 (0)2 (13.3)Black British

1 (7.1)0 (0)Caribbean

0 (0)1 (6.7)Hispanic

9 (64.3)7 (46.7)White British

3 (21.4)1 (6.7)White Irish

1 (7.1)0 (0)White Polish

0 (0)1 (6.7)White Russian

P=.1453.33 (93.21; 0-294.69)117.14 (105.83; 0-316.69)Units of alcohol consumed, mean (SD; range)

P=.084.50 (6.62)f8.14 (6.44)eDays in which alcohol was consumed (TLFBd), mean (SD)

—i53.33h (93.21)117.14g (105.83)Average units consumed over days of alcohol consumption,
mean (SD)

P=.0830,103 (11)l60,879 (20.8)kTASj removals (min), n (%)

P=.8028,591 (10.4)l28,213 (9.6)kTAS missing data (min), n (%)

P=.5791 (92.9)n94 (89.5)mMeetings attended, n (%)

P=.3414 (100)14 (93.3)Participants who completed the postwear survey, n (%)

P=.3414 (100)14 (93.3)Participants who returned the TAS, n (%)

aCM: contingency management.
bEthnicity is represented as the frequency of individuals in each group identifying as Black African, Black British, Caribbean, Hispanic, White British,
White Irish, White Polish, and White Russian and was compared across sexes using a chi-square analysis.
cOne female and one male participant requested not to be weighed, so BMI could not be calculated (both in the control group).
dTLFB: timeline followback.
eTotal of 114 days.
fTotal of 63 days.
g1640.01 units over 114 days.
h746.67 units over 63 days.
iNo group comparison was possible.
jTAS: transdermal alcohol sensor.
kn=293,186.
ln=274,218.
mn=105.
nn=98.
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Feasibility of the Trial

Enrollment
A total of 34 potentially eligible participants were approached.
Only 6% (2/34) who were identified by staff declined to
participate after discussing the study with the researcher. Their
reasons were (1) that they did not like wearing a watch so did
not think that they would like to wear a TAS and (2) that they
were very busy and could not commit to the regular meetings.
No adverse events occurred. The services involved were also
willing to help with recruitment, and all recruited at least 4
participants over the 5-month recruitment period.

Participation
It was feasible to enroll more than our target sample size (30
participants) within 5 months. The first participant was enrolled
on July 5, 2023, and the final participant (N=32) was enrolled
on December 6, 2023. These data could be used to inform the
sample size power calculation for a future larger trial.

Among the 29 participants who completed the study period and
did not withdraw, a total of 203 meetings were arranged (29 ×
7 visits). Of these 203 meetings, 185 (91.1%) were attended.
Reasons for nonattendance included illness, their partner being
ill, being double booked with another health appointment, a
broken phone so the researcher could not be contacted, and
hospitalization. The research team decided to book research
meetings one at a time, so at meeting 1, meeting 2 was agreed
upon, and so on. The day before each meeting, a reminder SMS
text message was sent out with the time and date and asking the
participants to let the research team know whether this needed
to be changed. This design seems feasible to maintain a high
attendance rate.

Only 1 of the 29 participants (3%) spoke to the research team
about removing their TAS early and removed it at the sixth
meeting (2 days early) because they did not want to wear it
anymore as they felt that “it is messing with my head” (P22).

Among the 3 services involved, the Assertive Alcohol Outreach
Team recruited 53% (17/32) of the participants, the Pier Road
Project recruited 34% (11/32) of the participants, and
Wandsworth Community Drug and Alcohol Service recruited
12% (4/32) of the participants.

Removals
We defined TAS removal as >2 minutes during which the skin
temperature was of <30 °C. We reminded participants to wear
the TAS as much as possible, including while asleep. However,
the TAS is removable by the wearer, and they could choose not
to wear it if they wanted to and must remove it for water
activities (bathing and swimming). Of the total minutes collected
from the 29 participants (464,324 minutes of data, approximately
322 days), there was a total of 19.59% (90,982/464,324) of
minutes of removals (approximately 63 days).

The control group had a total of 20.21% (60,879/301,179) of
minutes of removals. The CM group had a total of 10.79%
(30,103/278,862) of minutes of removals (t27=1.843; P=.08;
d=0.685).

Tampering
One participant (P1) admitted to turning the Skyn off while
wearing it when they did not want to be monitored. No other
evidence or reports of tampering from any other participant was
recorded. This participant had 65.65% (13,173/20,067) of
minutes of their participation time successfully recorded and
34.35% (6893/20,067) of missing data. Of these missing data,
approximately half could be due to not attending meetings and
data being overwritten (3386/6893, 49.12%). However, all other
meetings were attended, so the 50.88% (3507/6893) of minutes
of missing data could be due to the TAS being turned off or
technology error and additional data overwriting (approximately
2.5 days’ worth of data).

Malfunction
A total of 16 Skyns were ordered in phases during the study
period. The first order of 6 Skyns had 2 issues: one Skyn had
trouble pairing for the first 2 weeks, and another would not
charge or pair with any research iPhone. BACtrack sent 3 Skyn
replacements, and 2 of these would not pair with a research
iPhone at first (they did 1 month later). We ordered a second
batch of 7 Skyns halfway through data collection, and there
were no issues with any devices from this order. BACtrack were
unsure about the reasons for the issue with pairing and charging.
Other issues experienced included syncing taking >40 minutes
on occasions (the usual time is approximately 5 minutes). This
was most likely due to poor connection or Wi-Fi.

Apart from 1 Skyn that arrived and could not be charged, there
were no charging issues. The Skyn website states that the battery
lasts for approximately 10 days; however, we found that it lasted
for >2 weeks. Participants were provided with a fully charged
Skyn at the first meeting. There were 2 participants whose
battery decreased to a low level within their 2-week study
period, so the warning red light started flashing. As the TASs
were typically able to retain the charge for the entire study
period, we did not provide the charging cable to participants.
If the TASs will be used for >2 weeks in a future study, either
the charging cable will need to be provided or there will need
to be planned charging time with the researchers.

There was evidence of Skyn degradation after 2 months, which
is partly why it was decided to order another batch of Skyns
halfway through data collection [33]. Another reason for this
order was their state of cleanliness (Figure 2). BACtrack do
provide guidelines on how to clean the sensor; however, after
following these instructions, the sensor could not be cleaned
well.
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Figure 2. These 2 photos of the BACtrack Skyn sensor show a brand-new, unworn Skyn (left) and a worn Skyn (right).

TAS Return
All but 1 Skyn were returned. This was due to the participant
disengaging from the service and not being contactable by the
researcher or key worker. One other participant did not attend
their last research meeting, but they arranged an additional
meeting to return the TAS.

CM and Intervention Delivery
CM rewards were delivered if 2 criteria were met: (1) the TAC
for the day (midnight-11:59 PM) had a peak of <115.660 µg/L

and (2) there were no removals lasting >60 minutes (temperature
of <30 °C).

The TAS data were downloaded at each meeting (meetings 2
to 7) and checked, and any CM vouchers were provided for the
previous 2 to 3 days. This was considered the best way to
implement CM as close to those days in which the behavior
occurred as possible. Table 4 details the amount of CM rewards
earned by each participant and any reason why CM rewards
were not earned.
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Table 4. Contingency management (CM) rewards earned by participants in the CM group.

Reason why CM rewards were not earneddDays in which CM re-

wards were not earnedc
Total amount earnedbDays in which CM re-

wards were earneda
Participant ID

15 days=TACe over the limit15£00P4

1 day=TAC over the limit; 1 day=removal
for >60 min

2£105 (US $131.26)13P5

1 day=TAC over the limit; 2 days=re-
moval for >60 min

3£95 (US $118.76)12P6

1 day=TAC over the limit; 4 days=re-
moval for >60 min

5£85 (US $106.26)10P7

1 day=TAC over the limit; 2 days=re-
moval for >60 min

3£90 (US $112.51)12P10

15 days=TAC over the limit15£00P11

6 days=removal for >60 min; 7

days=DNAf appointment and data over-
written

13£10 (US $12.50)2P16

6 days=TAC over the limit; 2 days=re-
moval for >60 min; 2 days=DNA appoint-
ment and data overwritten

10£25 (US $31.25)5P17

6 days=removal for >60 min6£55 (US $68.75)9P18

3 days=removal for >60 min; 3
days=DNA appointment and data overwrit-
ten

6£75 (US $93.76)9P19

2 days=removal for >60 min2£110 (US $137.51)13P21

9 days=TAC over the limit; 2 days=re-

moval for >60 min; handed TASg back 2
days early

11£5 (US $6.25)1P22

2 days=TAC over the limit; 10 days=re-
moval for >60 min

12£15 (US $18.75)3P25

4 days=removal for >60 min4£85 (US $106.26)11P29

aTotal: 48.3% (100/207) of days.
bTotal: £755 (US $943.82).
cTotal: 51.7% (107/207) of days.
dTotal: 24.6% (51/207) of days with transdermal alcohol concentration over the limit, 21.3% (44/207) of days of removals, and 5.8% (12/207) of days
of data overwritten.
eTAC: transdermal alcohol concentration.
fDNA: did not attend.
gTAS: transdermal alcohol sensor.

Control group participants attended 89.5% (94/105) of the
meetings, and the CM group participants attended 92.9% (91/98)
of the meetings (t27=−0.573; P=.57; d=−0.213). The control
group self-reported 48.6% (107/220) of abstinent days, and the
CM group self-reported 70% (147/210) of abstinent days
(t27=−1.403; P=.17; d=−0.522). The proportion of days in which
the Skyn data reported <1 hour of removals was 15.9% (35/220)
for the control group and 24.8% (52/210) for the CM group
(t27=−1.326; P=.20; d=−0.493). The difference in the amount
of units consumed between groups was not statistically
significant (control: mean 109.33, SD 27.47; CM: mean 53.33,
SD 24.91; t27=1.503; P=.14; d=0.559).

Acceptability and Postwear Survey
A total of 97% (28/29) of the participants completed the
postwear survey. One participant did not complete it because
they did not attend their final research meeting and became
unreachable. When asked about physical comfort, most
participants (11/28, 39%) rated it to be quite to very comfortable,
with the average score being 8.57/10 (SD 0.71; 10=very
comfortable). Social comfort (how they felt wearing it in public)
was also rated highly, with an average score of 9.63/10 (SD
0.00; 10=very socially comfortable). When asked how often
they noticed the Skyn on their wrist, only 11% (3/28) of the
participants said that they never noticed it when wearing it.
Most (18/28, 64%) noticed it once or twice a day to every hour,
but 25% (7/28) did report noticing it several times per hour.
When asked to rate its interference with various activities
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(exercise, mood, normal work, enjoyment of life, ability to
concentrate, social life, and clothing choices), these were all
rated with an average score of <2 (1=no interference at all;
general activity: 1.75, SD 0.00; exercise: 1.07, SD 0.00; mood:
1.11 SD 0.00; work: 1.07, SD 0.00; enjoyment of life: 1.21, SD
0.00, ability to concentrate: 1.43, SD 0.00; social life: 1, SD
0.00; choice of clothing: 1.24, SD 0.00). The only activity that
ranked higher was sleeping, with an average score of 2.71 (SD
2.83; 1=no interference at all).

A total of 32% (9/28) of the participants reported experiencing
a mark on their skin from the TAS, with the other 68% (19/28)
reporting never experiencing a mark or side effect. These side
effects included itching (mean 1.95, SD 0.00), sweating (mean
1.88, SD 0.00), soreness (mean 1.07, SD 0.00), and irritation
(mean 1.50, SD 0.00), with the scale being from 1=not
noticeable to 10=unbearable. Participants were asked whether
they would continue to wear the TAS for longer than the 2-week
study period, and 96% (27/28) reported yes, and only 4% (1/28)
reported no.

The following statements—“the device is too uncomfortable to
wear for any longer,” “I wouldn’t want to wear it any longer
because I am embarrassed,” and “I want to wear short sleeves
but won’t while wearing the device”—were answered by all
participants with “not true.” Statements asking about changing
their clothing choices, wanting to remove the TAS, and not
liking the regular download visits all had an average score of
0.25 (SD 0.00 for all these statements) (on a scale of 0-4 where
0=not true and 4=very true). Only 4% (1/28) of the participants
stated that they were tired of explaining the device to people.
In total, 4% (1/28) stated that they were “ready to stop wearing
the device because I am just ready to be done,” and another
participant (1/28, 4%) said that the “financial compensation for
wearing the device any longer than this would not be worth it.”
A total of 7% (2/28) of the participants said that it was true that
“I would not continue wearing the device because I do not like
having to do the downloads at a specific time.”

When asked about their drinking, 11% (3/28) self-reported that
they were able to completely reduce their drinking, 25% (7/28)
reported that they reduced it quite a bit, 14% (4/28) reported
that they reduced it somewhat, 7% (2/28) reported that they
tried but did not reduce it, and 11% (3/28) reported that they
did not reduce or try to reduce it. In total, 32% (9/28) of the
participants were abstinent throughout their study period.

Many participants (12/28, 43%) liked the in-person vouchers
that were given at each meeting; however, 7% (2/28) would
have preferred an e-voucher, 21% (6/28) would have preferred
a bank transfer, and 18% (5/28) would be happy with any of
these options (in-person voucher, e-voucher, or bank transfer).
In total, 7% (2/28) reported preferring only an e-voucher or
bank transfer, and 4% (1/28) preferred an in-person voucher or

a bank transfer. Finally, participants were asked about the ease
of meeting the researcher for the meetings, and 89% (25/28)
reported that it was not at all difficult, whereas the other 11%
(3/28) reported that it was a little bit difficult.

CM Survey
The 48% (14/29) of participants who were allocated the CM
group completed another survey specifically on their experience
of the CM rewards. All participants in the CM group (14/14,
100%) completed this survey. When asked about how easy it
was to understand the CM reward procedure, most (9/14, 64%)
said that it was very easy, but 21% (3/14) rated it as very
difficult. When asked whether the CM had any effect on their
response to treatment, half (7/14, 50%) said that it helped them
either a lot or a little, 43% (6/14) said that it did not make a
difference, and 7% (1/14) said that it had a negative impact.
When asked whether they liked the CM rewards, all (14/14,
100%) said that they liked them either a lot or a little. When
asked when CM rewards would help other people who seek
substance treatment for alcohol dependence, 86% (12/14) said
that it would help them a lot or a little, and 14% (2/14) said that
it would depend on the person.

Accuracy
Participants wore the TAS for a cumulative total of 580,040
minutes. A total of 80.05% (464,324/580,040) of minutes of
this participation was successfully recorded by the TAS. Of
these 464,324 minutes of recorded data, there was a total of
90,982 (19.59%) minutes that suggested removal, a total of
56,858 (12.25%) minutes that were missing for unknown
reasons, and a total of 58,986 (12.7%) minutes that were missing
due to being overwritten as a result of not attending
appointments. The Skyn is not waterproof, so participants were
required to remove it for showering, baths, and any other water
activities (eg, swimming). No fit adjustments were required.

The TAS recorded data for a total of 388 days. Of these 388
days, 337 (86.9%) had >60 minutes of removals or missing data.
There was a total of 68.6% (266/388) of days in which there
were >300 minutes of removed or missing data (not necessarily
a consecutive 5-hour period).

TLFB Versus Skyn TAC

Overview

TLFB drinking days were recorded via the participant reporting
any alcohol consumed. TAS drinking days were recorded
according to the TAC criteria. We considered 3 different criteria
for detecting alcohol-drinking days: TAC of >15 µg/L for >15
minutes, TAC of >15 µg/L for >60 minutes, and TAC of >15
µg/L for >90 minutes. The agreement between the TLFB and
these criteria is reported in Table 5.
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Table 5. Timeline followback (TLFB)– and transdermal alcohol sensor (TAS)–reported alcohol-drinking and nondrinking days.

Days reported by TLFB but not
by the TAS as alcohol-drinking
days (n=388), n (%)

Days reported by the TAS but
not by TLFB as alcohol-drink-
ing days (n=388), n (%)

Non–alcohol-drinking
days in agreement
(n=388), n (%)

Alcohol-drinking
days in agreement
(n=388), n (%)

Alcohol-drink-
ing days detect-
ed

Criteria

14 (3.6)65 (16.8)145 (37.4)164 (42.3)TACa >15 µg/L for >15 min

185TLFB

227TAS

32 (8.2)39 (10.1)171 (44.1)146 (37.6)TAC>15 µg/L for >60 min

185TAS

185TLFB

39 (10.1)31 (8)179 (46.1)139 (35.8)TAC>15 µg/L for >90 min

185TAS

170TLFB

aTAC: transdermal alcohol concentration.

Criteria for a Drinking Event of TAC>15 µg/L for >15
Minutes

The TLFB and TAS agreed on 42.3% (164/388) of days as
alcohol-drinking days and on 37.4% (145/388) of days as
abstinent days. There were 3.6% (14/388) of days in which the
TLFB reported an alcohol-drinking day and the TAS did not
and 16.8% (65/388) of days in which the TAS reported an
alcohol-drinking day and the TLFB did not.

When splitting the groups and conducting a correlation between
TAS- and TLFB-reported drinking days, both were positively
significantly correlated, but the CM group had a stronger
correlation effect (control group: r15=0.625 and P=.01; CM
group: r14=0.836 and P<.001).

Criteria for a Drinking Event of TAC>15 µg/L for >60
Minutes

The TLFB and TAS agreed on 37.6% (146/388) of days as
alcohol-drinking days and on 44.1% (171/388) of days as
abstinent days. There were 8.2% (32/388) of days in which the
TLFB reported an alcohol-drinking day and the TAS did not
and 10.1% (39/388) of days in which the TAS reported an
alcohol-drinking day and the TLFB did not.

When splitting the groups and conducting a correlation between
TAS- and TLFB-reported drinking days, both were positively
significantly correlated, but the CM group had a stronger
correlation effect (control group: r15=0.764 and P<.001; CM
group: r14=0.895 and P<.001).

Criteria for a Drinking Event of TAC>15 µg/L for >90
Minutes

The TLFB and TAS agreed on 35.8% (139/388) of days as
alcohol-drinking days and on 46.1% (179/388) of days as
abstinent days. There were 10.1% (39/388) of days in which

the TLFB reported an alcohol-drinking day and the TAS did
not and 8% (31/388) of days in which the TAS reported an
alcohol-drinking day and the TLFB did not.

When splitting the groups and conducting a correlation between
TAS- and TLFB-reported drinking days, both were positively
significantly correlated, but the CM group had a stronger
correlation effect (control group: r15=0.805 and P<.001; CM
group: r14=0.913 and P<.001).

Skyn TAC

Reasons why the TAS did not detect an alcohol event but it was
reported in the TLFB could include a large amount of missing
data; TAS removal; a low amount of alcohol self-reported; or
it being the last day of participation, which may mean that there
was not enough time for alcohol to appear in the TAC output.
There were other days in which there was no obvious reason
why the TAS did not detect alcohol consumption.

Reasons why the TAS reported an alcohol-drinking day but the
participant did not self-report alcohol consumption could include
a sudden TAC spike, which suggests contact with an
alcohol-containing product (eg, aftershave, deodorant, or hand
sanitizer); the skin temperature suggesting that the TAS was
not being worn at the time of TAC event detection, so the TAS
may have been on a table near an alcohol spill or
alcohol-containing product; and the TAS appearing to detect
an alcohol event, so the self-report was inaccurate. There were
other days in which there was no obvious reason why the
participant did not self-report alcohol consumption.

In Figure 3, a visual presentation of the data for each TAC
criteria is provided. It shows TLFB and the TAS criteria of TAS
15 (TAC>15 µg/L for >15 min), TAS 60 (TAC>15 µg/L for
>60 min), and TAS 90 (TAC>15 µg/L for >90 min). The
presence of the color corresponding to each of these TAC
criteria indicates that an alcohol-drinking day was detected.
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Figure 3. Visual representation of participants’ Timeline Followback (TLFB)– and transdermal alcohol sensor (TAS)–detected alcohol-drinking days
for (A) the control group and (B) the contingency management (CM) group. The figure includes 3 different TAS criteria for detecting a drinking day:
TAS 15 (transdermal alcohol concentration [TAC]>15 µg/L for >15 min), TAS 60 (TAC>15 µg/L for >60 min), and TAS 90 (TAC>15 µg/L for >90
min).

Figure 4 shows the data for TAC and the skin temperature of
all participants who wore the TAS for the entire study period.
There were participants whose TAC (blue line) peaked on
separate occasions, suggesting multiple alcohol events, for

example, P5 or P17. In contrast, other participant data suggest
more frequent alcohol consumption, for example, P9 and P13.
The orange lines depict the skin temperature recorded; the skin
temperature for P1 and P20 suggests regular, long TAS removal.

JMIR Hum Factors 2025 | vol. 12 | e64664 | p.244https://humanfactors.jmir.org/2025/1/e64664
(page number not for citation purposes)

Brobbin et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Figure 4. Individual participant Skyn data (excluding withdrawn participants). The primary axis shows the transdermal alcohol concentration (TAC;
µg/L) data (blue line), and the secondary axis shows the skin temperature (°C) data (orange line).

Sensitivity, Specificity, and Correlations

We calculated the sensitivity, specificity, positive predictive
value, negative predictive value, and percentage accuracy in

classification for 3 drinking event thresholds: TAS 15 (TAC>15
µg/L for >15 min), TAS 60 (TAC>15 µg/L for >60 min), and
TAS 90 (TAC>15 µg/L for >90 min), shown in Table 6.

JMIR Hum Factors 2025 | vol. 12 | e64664 | p.245https://humanfactors.jmir.org/2025/1/e64664
(page number not for citation purposes)

Brobbin et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Table 6. Transdermal alcohol concentration (TAC) criteria—sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV),
and percentage accuracy classification (PAC).

PACNPV (%)PPV (%)Specificity (%)Sensitivity (%)Criteria

0.8091.571.7468.2992.7TAC>15 µg/L for 15 min

0.8183.8578.9280.582.49TAC>15 µg/L for 60 min

0.8282.1981.7685.3178.09TAC>15 µg/L for 90 min

A Spearman correlation found a significant relationship between
TLFB- and Skyn-measured alcohol-drinking days at the
TAC>15 µg/L for >15 minutes threshold (rs=0.695,
bias–corrected and accelerated [BCa] 95% CI 0.417-0.883;
P<.001) [29]. A Spearman correlation between the number of
standard alcohol units self-reported and the average TAC values
was also found to be significant (rs=0.770, BCa 95% CI
0.632-0.852; P<.001) [29].

A Spearman correlation found a significant relationship between
TLFB- and Skyn-measured alcohol-drinking days at the
TAC>15 µg/L for >60 minutes threshold (rs=0.773, BCa 95%
CI 0.599-0.861; P<.001) [29]. A Spearman correlation between
the total number of standard alcohol units self-reported and the
TAS-reported drinking days at the TAC>15 µg/L for >60
minutes threshold was also found to be significant (rs=0.740,
BCa 95% CI 0.439-0.891; P<.001) [29].

A Spearman correlation found a significant relationship between
TLFB- and Skyn-measured alcohol-drinking days at the
TAC>15 µg/L for >90 minutes threshold (rs=0.784, BCa 95%
CI 0.625-0.868; P<.001) [29]. A Spearman correlation between
the total number of standard alcohol units self-reported and the
TAS-reported drinking days at the TAC>15 µg/L for >90
minutes threshold was also found to be significant (rs=0.745,
BCa 95% CI 0.460-0.892; P<.001) [29].

Discussion

Principal Findings
This study aimed to explore the feasibility, strengths, and
limitations of using a TAS to monitor alcohol consumption in
individuals in treatment for AUD with or without CM to
promote abstinence or low-level alcohol consumption. The
findings suggest that TAS-delivered CM to encourage alcohol
reduction was feasible and acceptable to participants. There was
a high correlation between TAS-recorded alcohol-drinking days
and self-reported alcohol units, suggesting that the TAS was
accurate in measuring the desired behavior. There was also high
recruitment, attendance, and compliance of participants. Good
rates of meeting attendance and data completeness were
achieved. It was feasible to deliver CM using the TAS; however,
key features of this process were identified for improvement.
This is the first study of TAS-delivered CM in the United
Kingdom and the first targeted at alcohol service users for
alcohol treatment and reduction.

Participants found the wear of the TAS acceptable and
comfortable even for social occasions. They found that it did
not interfere with daily activities, and most (19/28, 68%) did
not experience any side effects (such as a rash or skin irritation)

from the strap. There was a high attendance rate and willingness
to participate from those approached. Participants liked the
reminder SMS text messages about each meeting, and there
were few issues when arranging meetings. Only 3% (1/29) of
the participants lost contact with the researcher during
participation and did not return the TAS.

However, the answers to the CM survey suggest that this process
may need to be improved. Some participants (3/28, 11%)
reported it as difficult to understand, and half (7/14, 50%) said
that it made no difference or did not help their treatment. These
findings suggest that there should be more consideration on
how the CM procedure is described and presented to participants
at the start. Most (12/14, 86%) said that they did think that CM
rewards would help other people who seek treatment for alcohol
dependence a little to a lot, with the other 14% (2/14) of the
participants saying that it would probably help but only if the
patient was motivated.

To deliver the CM, TAS data were downloaded and reviewed
at meetings 2 to 7. This was feasible; however, there were issues
that arose that would need to be dealt with before scaling up
the study size. Considering other options for automated TAC
data interpretation will reduce the time-consuming manual data
checking, which would only increase the researchers’ time
burden if conducted on a larger trial. In addition, creating an
automated system could increase consistency and avoid human
error.

The recruitment and follow-up rates from this study were the
same as or higher than the recruitment and follow-up rates of
other TAS feasibility or pilot studies. Previous studies using
TASs had sample sizes for analysis of 5 to 13 participants
[2,12,34,64]. In total, 2 of these studies used the SCRAM
monitor [2,64], and 2 used the BACtrack Skyn [12,34], but 3
[2,34,64] mentioned discomfort with the TAS as key feedback,
with Courtney et al [34], who used the BACtrack, having one
participant drop out due to discomfort.

Overall, the findings support the feasibility of implementing
and delivering CM using a TAS over a 2-week wear period with
alcohol service users currently receiving alcohol treatment. The
TAS used, BACtrack Skyn, was well liked and rated as
comfortable by participants, with little daily interference. The
recruitment rates were high and are encouraging for a larger
trial. TAS delivery of CM has been shown to be effective in the
United States using the SCRAM monitor [1,2,26-31,65], but
this pilot shows promise for translation to other TAS brands
delivering CM in the United Kingdom, with these findings
highlighting aspects to address and improve before scaling to
a larger study design. On the basis of these results, future work
could explore the possibility of solutions to these challenges
and a cost-effectiveness assessment.
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In the future, we would also recommend collecting initial data
from the participants to determine each participant’s baseline
skin temperature. This could be done with the researcher present
to ensure correct TAS wear. Some participants were observed
by the researcher to be wearing the Skyn during the meeting
but the Skyn temperature was reported as <30 °C. Therefore, it
may be better to establish a baseline for each participant to then
use for their Skyn data for better accuracy at determining wear
and removals.

Strengths and Limitations
The strengths of this study are that it was able to demonstrate
the feasible use of the BACtrack Skyn over 2 weeks with
individuals currently diagnosed with alcohol dependence and
receiving alcohol treatment. Participants wore the TAS in their
natural settings and unsupervised, consistent with how it should
be worn. While the objective of this study was to assess the
feasibility of a larger trial, the data collected as part of this study
were able to provide more evidence of how this population
wears, uses, and experiences a TAS. There was a high meeting
attendance and TAS return rate for this study and no issues with
participants being unsure or needing additional training for
using the TAS after the baseline training. This study continues
to support the use of TASs among the population.

The limitations of this study are similar to those of the design
of all the studies conducted as part of this PhD—participants
were only recruited if they were willing to wear the TAS from
the start of the study period. This means that no participants
were recruited who were not willing to attempt wearing the
TAS. While this is not a limitation in some considerations as

the TAS would be a voluntary treatment option to service users
if implemented in services, it does mean that the postwear survey
findings may be skewed more positively. Only those who were
interested in and willing to wear the TAS had the chance to
complete the postwear survey at the end of the 2 weeks.
However, participants being willing to wear the TAS for the
study does not necessarily mean that they were positive about
the technology or that they had a good experience of wearing
it; therefore, while we note that the study design does exclude
those who are not initially willing to attempt wearing a TAS,
this may reflect a truer view of service users who would try
wearing the TAS as part of alcohol treatment if TASs were to
be implemented in clinical settings.

Conclusions
To conclude, if planning a future larger trial for TAS delivery
of CM, the proposed design changes from this study are (1)
changes to how TAC data are checked for CM rewards from a
manual to an automatic process, (2) a clearer explanation of the
CM procedure, (3) consideration of the times available for
participant meetings to improve participant availability and
reduce missed appointments, (4) consideration of other TAS
brands that have longer data storage, (5) consideration of
whether participants should be provided with an iOS device
and trained to sync their data or whether participants should
have this option with their personal iOS device if using the
BACtrack Skyn (which has been deemed feasible by wearers),
and (6) consideration of the assessment of each participant’s
baseline skin temperature. These points could be assessed via
an internal pilot study.

 

Acknowledgments
This is a summary of independent research funded by the National Institute for Health and Care Research (NIHR) Applied
Research Collaboration South London. The views expressed are those of the authors and not necessarily those of the National
Health Service (NHS), the NIHR, or the Department of Health and Social Care. CD and PD were supported by the NIHR Maudsley
Biomedical Research Centre at the South London and Maudsley NHS Foundation Trust and King’s College London. They were
also supported by the NIHR Collaboration for Leadership in Applied Health Research and Care at King’s College Hospital NHS
Foundation Trust and the NIHR Applied Research Collaboration South London at King’s College Hospital NHS Foundation
Trust. CD was supported by an NIHR Senior Investigator Award. SP has been partly funded by income from research grants
obtained from Mundipharma Research Ltd and Camurus AB. SP was a Research Fellow at King’s College London at the time
of writing. The authors would also like to acknowledge Andrea Solar-Reyes and Noel Kehoe for their data collection work
alongside EB for this study and Simon Coulton for his help in participant randomization.

Authors' Contributions
EB led on the conceptualization, methodology, analysis, investigation, resources, data curation, project administration, visualization,
and drafting and revision of the manuscript. CD supported the conceptualization, methodology, analysis, supervision, and revision
of the manuscript. SP supported the supervision and revision of the manuscript. PD supported the conceptualization, methodology,
analysis, supervision, and revision of the manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
CONSORT (Consolidated Standards of Reporting Trials) checklist.
[DOC File , 227 KB - humanfactors_v12i1e64664_app1.doc ]

JMIR Hum Factors 2025 | vol. 12 | e64664 | p.247https://humanfactors.jmir.org/2025/1/e64664
(page number not for citation purposes)

Brobbin et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=humanfactors_v12i1e64664_app1.doc&filename=9614e6efeec952dee6e1949fc776106a.doc
https://jmir.org/api/download?alt_name=humanfactors_v12i1e64664_app1.doc&filename=9614e6efeec952dee6e1949fc776106a.doc
http://www.w3.org/Style/XSL
http://www.renderx.com/


References
1. Barnett NP, Celio MA, Tidey JW, Murphy JG, Colby SM, Swift RM. A preliminary randomized controlled trial of

contingency management for alcohol use reduction using a transdermal alcohol sensor. Addiction 2017 Jun
22;112(6):1025-1035 [FREE Full text] [doi: 10.1111/add.13767] [Medline: 28107772]

2. Barnett NP, Tidey J, Murphy JG, Swift R, Colby SM. Contingency management for alcohol use reduction: a pilot study
using a transdermal alcohol sensor. Drug Alcohol Depend 2011 Nov 01;118(2-3):391-399 [FREE Full text] [doi:
10.1016/j.drugalcdep.2011.04.023] [Medline: 21665385]

3. Rash CJ, Petry NM, Alessi SM, Barnett NP. Monitoring alcohol use in heavy drinking soup kitchen attendees. Alcohol
2019 Dec;81:139-147 [FREE Full text] [doi: 10.1016/j.alcohol.2018.10.001] [Medline: 30308286]

4. Karns-Wright TE, Dougherty DM, Hill-Kapturczak N, Mathias CW, Roache JD. The correspondence between transdermal
alcohol monitoring and daily self-reported alcohol consumption. Addict Behav 2018 Oct;85:147-152 [FREE Full text] [doi:
10.1016/j.addbeh.2018.06.006] [Medline: 29910035]

5. Barnett NP, Meade EB, Glynn TR. Predictors of detection of alcohol use episodes using a transdermal alcohol sensor. Exp
Clin Psychopharmacol 2014 Feb;22(1):86-96 [FREE Full text] [doi: 10.1037/a0034821] [Medline: 24490713]

6. Dougherty DM, Charles NE, Acheson A, John S, Furr RM, Hill-Kapturczak N. Comparing the detection of transdermal
and breath alcohol concentrations during periods of alcohol consumption ranging from moderate drinking to binge drinking.
Exp Clin Psychopharmacol 2012 Oct;20(5):373-381 [FREE Full text] [doi: 10.1037/a0029021] [Medline: 22708608]

7. Fairbairn CE, Kang D. Temporal dynamics of transdermal alcohol concentration measured via new-generation wrist-worn
biosensor. Alcohol Clin Exp Res 2019 Oct 30;43(10):2060-2069 [FREE Full text] [doi: 10.1111/acer.14172] [Medline:
31469451]

8. Hill-Kapturczak N, Lake SL, Roache JD, Cates SE, Liang Y, Dougherty DM. Do variable rates of alcohol drinking alter
the ability to use transdermal alcohol monitors to estimate peak breath alcohol and total number of drinks? Alcohol Clin
Exp Res 2014 Oct 21;38(10):2517-2522 [FREE Full text] [doi: 10.1111/acer.12528] [Medline: 25335857]

9. Bond JC, Greenfield TK, Patterson D, Kerr WC. Adjustments for drink size and ethanol content: new results from a
self-report diary and transdermal sensor validation study. Alcohol Clin Exp Res 2014 Dec 07;38(12):3060-3067 [FREE
Full text] [doi: 10.1111/acer.12589] [Medline: 25581661]

10. Karns-Wright TE, Roache JD, Hill-Kapturczak N, Liang Y, Mullen J, Dougherty DM. Time delays in transdermal alcohol
concentrations relative to breath alcohol concentrations. Alcohol Alcohol 2017 Jan 13;52(1):35-41 [FREE Full text] [doi:
10.1093/alcalc/agw058] [Medline: 27522029]

11. Swift RM, Martin CS, Swette L, LaConti A, Kackley N. Studies on a wearable, electronic, transdermal alcohol sensor.
Alcohol Clin Exp Res 1992 Aug 11;16(4):721-725. [doi: 10.1111/j.1530-0277.1992.tb00668.x] [Medline: 1530135]

12. Rosenberg M, Ludema C, Kianersi S, Luetke M, Jozkowski K, Guerra-Reyes L, et al. Wearable alcohol monitors for alcohol
use data collection among college students: feasibility and acceptability. Alcohol 2023 Sep;111:75-83. [doi:
10.1016/j.alcohol.2023.05.007] [Medline: 37295566]

13. Wang Y, Fridberg DJ, Shortell DD, Leeman RF, Barnett NP, Cook RL, et al. Wrist-worn alcohol biosensors: applications
and usability in behavioral research. Alcohol 2021 May;92:25-34 [FREE Full text] [doi: 10.1016/j.alcohol.2021.01.007]
[Medline: 33609635]

14. Fairbairn CE, Kang D, Bosch N. Using machine learning for real-time BAC estimation from a new-generation transdermal
biosensor in the laboratory. Drug Alcohol Depend 2020 Nov 01;216:108205 [FREE Full text] [doi:
10.1016/j.drugalcdep.2020.108205] [Medline: 32853998]

15. Alessi SM, Barnett NP, Petry NM. Objective continuous monitoring of alcohol consumption for three months among alcohol
use disorder treatment outpatients. Alcohol 2019 Dec;81:131-138 [FREE Full text] [doi: 10.1016/j.alcohol.2019.01.008]
[Medline: 30710610]

16. Roache JD, Karns TE, Hill-Kapturczak N, Mullen J, Liang Y, Lamb RJ, et al. Using transdermal alcohol monitoring to
detect low-level drinking. Alcohol Clin Exp Res 2015 Jul 18;39(7):1120-1127 [FREE Full text] [doi: 10.1111/acer.12750]
[Medline: 25988708]

17. Simons JS, Wills TA, Emery NN, Marks RM. Quantifying alcohol consumption: self-report, transdermal assessment, and
prediction of dependence symptoms. Addict Behav 2015 Nov;50:205-212 [FREE Full text] [doi:
10.1016/j.addbeh.2015.06.042] [Medline: 26160523]

18. Brobbin E, Deluca P, Hemrage S, Drummond C. Acceptability and feasibility of wearable transdermal alcohol sensors:
systematic review. JMIR Hum Factors 2022 Dec 23;9(4):e40210 [FREE Full text] [doi: 10.2196/40210] [Medline: 36563030]

19. Brobbin E, Deluca P, Hemrage S, Drummond C. Accuracy of wearable transdermal alcohol sensors: systematic review. J
Med Internet Res 2022 Apr 14;24(4):e35178 [FREE Full text] [doi: 10.2196/35178] [Medline: 35436239]

20. Alessi SM, Barnett NP, Petry NM. Experiences with SCRAMx alcohol monitoring technology in 100 alcohol treatment
outpatients. Drug Alcohol Depend 2017 Sep 01;178:417-424 [FREE Full text] [doi: 10.1016/j.drugalcdep.2017.05.031]
[Medline: 28709081]

21. Caluzzi G, Pennay A, Cook M, Wright C, Norman T, Kuntsche E. Transdermal monitors to assess alcohol consumption in
real-time and real-life – a qualitative study on user-experience. Addict Res Theory 2019 Jan 09;27(4):354-361. [doi:
10.1080/16066359.2018.1530765]

JMIR Hum Factors 2025 | vol. 12 | e64664 | p.248https://humanfactors.jmir.org/2025/1/e64664
(page number not for citation purposes)

Brobbin et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://europepmc.org/abstract/MED/28107772
http://dx.doi.org/10.1111/add.13767
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28107772&dopt=Abstract
https://europepmc.org/abstract/MED/21665385
http://dx.doi.org/10.1016/j.drugalcdep.2011.04.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21665385&dopt=Abstract
https://europepmc.org/abstract/MED/30308286
http://dx.doi.org/10.1016/j.alcohol.2018.10.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30308286&dopt=Abstract
https://europepmc.org/abstract/MED/29910035
http://dx.doi.org/10.1016/j.addbeh.2018.06.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29910035&dopt=Abstract
https://europepmc.org/abstract/MED/24490713
http://dx.doi.org/10.1037/a0034821
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24490713&dopt=Abstract
https://europepmc.org/abstract/MED/22708608
http://dx.doi.org/10.1037/a0029021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22708608&dopt=Abstract
https://europepmc.org/abstract/MED/31469451
http://dx.doi.org/10.1111/acer.14172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31469451&dopt=Abstract
https://europepmc.org/abstract/MED/25335857
http://dx.doi.org/10.1111/acer.12528
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25335857&dopt=Abstract
https://europepmc.org/abstract/MED/25581661
https://europepmc.org/abstract/MED/25581661
http://dx.doi.org/10.1111/acer.12589
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25581661&dopt=Abstract
https://europepmc.org/abstract/MED/27522029
http://dx.doi.org/10.1093/alcalc/agw058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27522029&dopt=Abstract
http://dx.doi.org/10.1111/j.1530-0277.1992.tb00668.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1530135&dopt=Abstract
http://dx.doi.org/10.1016/j.alcohol.2023.05.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37295566&dopt=Abstract
https://europepmc.org/abstract/MED/33609635
http://dx.doi.org/10.1016/j.alcohol.2021.01.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33609635&dopt=Abstract
https://europepmc.org/abstract/MED/32853998
http://dx.doi.org/10.1016/j.drugalcdep.2020.108205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32853998&dopt=Abstract
https://europepmc.org/abstract/MED/30710610
http://dx.doi.org/10.1016/j.alcohol.2019.01.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30710610&dopt=Abstract
https://europepmc.org/abstract/MED/25988708
http://dx.doi.org/10.1111/acer.12750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25988708&dopt=Abstract
https://europepmc.org/abstract/MED/26160523
http://dx.doi.org/10.1016/j.addbeh.2015.06.042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26160523&dopt=Abstract
https://humanfactors.jmir.org/2022/4/e40210/
http://dx.doi.org/10.2196/40210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36563030&dopt=Abstract
https://www.jmir.org/2022/4/e35178/
http://dx.doi.org/10.2196/35178
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35436239&dopt=Abstract
https://europepmc.org/abstract/MED/28709081
http://dx.doi.org/10.1016/j.drugalcdep.2017.05.031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28709081&dopt=Abstract
http://dx.doi.org/10.1080/16066359.2018.1530765
http://www.w3.org/Style/XSL
http://www.renderx.com/


22. Croff JM, Hartwell ML, Chiaf AL, Crockett EK, Washburn IJ. Feasibility and reliability of continuously monitoring alcohol
use among female adolescents and young adults. Drug Alcohol Rev 2021 Nov 17;40(7):1143-1154 [FREE Full text] [doi:
10.1111/dar.13045] [Medline: 32185847]

23. Goodall CA, Neville FG, Williams DJ, Donnelly PD. Preliminary research informing policy on remote alcohol monitoring
in criminal justice: the Scottish experience. Int J Public Health 2016 Nov 13;61(8):865-872. [doi: 10.1007/s00038-016-0886-9]
[Medline: 27624623]

24. Neville FG, Williams DJ, Goodall CA, Murer JS, Donnelly PD. An experimental trial exploring the impact of continuous
transdermal alcohol monitoring upon alcohol consumption in a cohort of male students. PLoS One 2013 Jun 25;8(6):e67386
[FREE Full text] [doi: 10.1371/journal.pone.0067386] [Medline: 23825656]

25. Norman T, Peacock A, Ferguson SG, Kuntsche E, Bruno R. Combining transdermal and breath alcohol assessments,
real-time drink logs and retrospective self-reports to measure alcohol consumption and intoxication across a multi-day
music festival. Drug Alcohol Rev 2021 Nov 10;40(7):1112-1121. [doi: 10.1111/dar.13215] [Medline: 33174260]

26. Villalba K, Cook C, Dévieux JG, Ibanez GE, Oghogho E, Neira C, et al. Facilitators and barriers to a contingency management
alcohol intervention involving a transdermal alcohol sensor. Heliyon 2020 Mar;6(3):e03612 [FREE Full text] [doi:
10.1016/j.heliyon.2020.e03612] [Medline: 32258468]

27. Dougherty DM, Hill-Kapturczak N, Liang Y, Karns TE, Cates SE, Lake SL, et al. Use of continuous transdermal alcohol
monitoring during a contingency management procedure to reduce excessive alcohol use. Drug Alcohol Depend 2014 Sep
01;142:301-306. [doi: 10.1016/j.drugalcdep.2014.06.039] [Medline: 25064019]

28. Mathias CW, Hill-Kapturczak N, Karns-Wright TE, Mullen J, Roache JD, Fell JC, et al. Translating transdermal alcohol
monitoring procedures for contingency management among adults recently arrested for DWI. Addict Behav 2018
Aug;83:56-63 [FREE Full text] [doi: 10.1016/j.addbeh.2018.01.033] [Medline: 29397211]

29. Dougherty DM, Karns TE, Mullen J, Liang Y, Lake SL, Roache JD, et al. Transdermal alcohol concentration data collected
during a contingency management program to reduce at-risk drinking. Drug Alcohol Depend 2015 Mar 01;148:77-84
[FREE Full text] [doi: 10.1016/j.drugalcdep.2014.12.021] [Medline: 25582388]

30. Averill F, Brown TG, Robertson RD, Tchomgang A, Berbiche D, Nadeau L, et al. Transdermal alcohol monitoring combined
with contingency management for driving while impaired offenders: a pilot randomized controlled study. Traffic Inj Prev
2018 Jul 04;19(5):455-461. [doi: 10.1080/15389588.2018.1448079] [Medline: 29543499]

31. Richards VL, Wang Y, Porges EC, Gullett JM, Leeman RF, Zhou Z, et al. Using alcohol biosensors and biomarkers to
measure changes in drinking: associations between transdermal alcohol concentration, phosphatidylethanol, and self-report
in a contingency management study of persons with and without HIV. Exp Clin Psychopharmacol 2023 Dec;31(6):991-997.
[doi: 10.1037/pha0000637] [Medline: 36649152]

32. Ariss T, Fairbairn CE, Bosch N. Examining new-generation transdermal alcohol biosensor performance across laboratory
and field contexts. Alcohol Clin Exp Res (Hoboken) 2023 Jan;47(1):50-59 [FREE Full text] [doi: 10.1111/acer.14977]
[Medline: 36433786]

33. Ash GI, Gueorguieva R, Barnett NP, Wang W, Robledo DS, DeMartini KS, et al. Sensitivity, specificity, and tolerability
of the BACTrack Skyn compared to other alcohol monitoring approaches among young adults in a field-based setting.
Alcohol Clin Exp Res 2022 May;46(5):783-796 [FREE Full text] [doi: 10.1111/acer.14804] [Medline: 35567595]

34. Courtney JB, Russell MA, Conroy DE. Acceptability and validity of using the BACtrack skyn wrist-worn transdermal
alcohol concentration sensor to capture alcohol use across 28 days under naturalistic conditions - a pilot study. Alcohol
2023 May;108:30-43 [FREE Full text] [doi: 10.1016/j.alcohol.2022.11.004] [Medline: 36473634]

35. Brobbin E, Deluca P, Coulton S, Drummond C. Accuracy of transdermal alcohol monitoring devices in a laboratory setting.
Alcohol Alcohol 2024 Jan 11;59(1):agad068. [doi: 10.1093/alcalc/agad068] [Medline: 37873967]

36. Brobbin E, Parkin S, Deluca P, Drummond C. A qualitative exploration of the experiences of transdermal alcohol sensor
devices amongst people in receipt of treatment for alcohol use disorder. Addict Behav Rep 2024 Jun;19:100544 [FREE
Full text] [doi: 10.1016/j.abrep.2024.100544] [Medline: 38596194]

37. Didier NA, King AC, Polley EC, Fridberg DJ. Signal processing and machine learning with transdermal alcohol concentration
to predict natural environment alcohol consumption. Exp Clin Psychopharmacol 2024 Apr;32(2):245-254. [doi:
10.1037/pha0000683] [Medline: 37824232]

38. Gunn RL, Merrill JE, Haines AM, Fernandez ME, Souza T, Berey BL, et al. Use of the BACtrack Skyn alcohol biosensor:
practical applications for data collection and analysis. Addiction 2023 Aug;118(8):1586-1595 [FREE Full text] [doi:
10.1111/add.16207] [Medline: 37060272]

39. Kianersi S, Ludema C, Agley J, Ahn YY, Parker M, Ideker S, et al. Development and validation of a model for measuring
alcohol consumption from transdermal alcohol content data among college students. Addiction 2023 Oct
30;118(10):2014-2025 [FREE Full text] [doi: 10.1111/add.16228] [Medline: 37154154]

40. Richards VL, Rajendran S, Cook RL, Leeman RF, Wang Y, Prins C, et al. Identifying desired features that would be
acceptable and helpful in a wrist-worn biosensor-based alcohol intervention: interview study among adults who drink
heavily. J Med Internet Res 2023 Feb 02;25:e38713 [FREE Full text] [doi: 10.2196/38713] [Medline: 36729576]

JMIR Hum Factors 2025 | vol. 12 | e64664 | p.249https://humanfactors.jmir.org/2025/1/e64664
(page number not for citation purposes)

Brobbin et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://europepmc.org/abstract/MED/32185847
http://dx.doi.org/10.1111/dar.13045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32185847&dopt=Abstract
http://dx.doi.org/10.1007/s00038-016-0886-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27624623&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0067386
http://dx.doi.org/10.1371/journal.pone.0067386
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23825656&dopt=Abstract
http://dx.doi.org/10.1111/dar.13215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33174260&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2405-8440(20)30457-6
http://dx.doi.org/10.1016/j.heliyon.2020.e03612
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32258468&dopt=Abstract
http://dx.doi.org/10.1016/j.drugalcdep.2014.06.039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25064019&dopt=Abstract
https://europepmc.org/abstract/MED/29397211
http://dx.doi.org/10.1016/j.addbeh.2018.01.033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29397211&dopt=Abstract
https://europepmc.org/abstract/MED/25582388
http://dx.doi.org/10.1016/j.drugalcdep.2014.12.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25582388&dopt=Abstract
http://dx.doi.org/10.1080/15389588.2018.1448079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29543499&dopt=Abstract
http://dx.doi.org/10.1037/pha0000637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36649152&dopt=Abstract
https://europepmc.org/abstract/MED/36433786
http://dx.doi.org/10.1111/acer.14977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36433786&dopt=Abstract
https://europepmc.org/abstract/MED/35567595
http://dx.doi.org/10.1111/acer.14804
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35567595&dopt=Abstract
https://europepmc.org/abstract/MED/36473634
http://dx.doi.org/10.1016/j.alcohol.2022.11.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36473634&dopt=Abstract
http://dx.doi.org/10.1093/alcalc/agad068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37873967&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2352-8532(24)00021-X
https://linkinghub.elsevier.com/retrieve/pii/S2352-8532(24)00021-X
http://dx.doi.org/10.1016/j.abrep.2024.100544
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38596194&dopt=Abstract
http://dx.doi.org/10.1037/pha0000683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37824232&dopt=Abstract
https://skyn.bactrack.com
http://dx.doi.org/10.1111/add.16207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37060272&dopt=Abstract
https://europepmc.org/abstract/MED/37154154
http://dx.doi.org/10.1111/add.16228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37154154&dopt=Abstract
https://www.jmir.org/2023//e38713/
http://dx.doi.org/10.2196/38713
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36729576&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


41. Richards VL, Barnett NP, Cook RL, Leeman RF, Souza T, Case S, et al. Correspondence between alcohol use measured
by a wrist-worn alcohol biosensor and self-report via ecological momentary assessment over a 2-week period. Alcohol Clin
Exp Res (Hoboken) 2023 Feb 21;47(2):308-318 [FREE Full text] [doi: 10.1111/acer.14995] [Medline: 36507857]

42. Wang Y, Fridberg DJ, Leeman RF, Cook RL, Porges EC. Wrist-worn alcohol biosensors: strengths, limitations, and future
directions. Alcohol 2019 Dec;81:83-92 [FREE Full text] [doi: 10.1016/j.alcohol.2018.08.013] [Medline: 30179709]

43. Drug misuse in over 16s: psychosocial interventions clinical guideline. National Institute for Health and Care Excellence.
URL: https://www.nice.org.uk/guidance/cg51 [accessed 2024-04-29]

44. Drake RE, O'Neal EL, Wallach MA. A systematic review of psychosocial research on psychosocial interventions for people
with co-occurring severe mental and substance use disorders. J Subst Abuse Treat 2008 Jan;34(1):123-138. [doi:
10.1016/j.jsat.2007.01.011] [Medline: 17574803]

45. Dutra L, Stathopoulou G, Basden SL, Leyro TM, Powers MB, Otto MW. A meta-analytic review of psychosocial interventions
for substance use disorders. Am J Psychiatry 2008 Feb;165(2):179-187. [doi: 10.1176/appi.ajp.2007.06111851] [Medline:
18198270]

46. Prendergast M, Podus D, Finney J, Greenwell L, Roll J. Contingency management for treatment of substance use disorders:
a meta-analysis. Addiction 2006 Nov 10;101(11):1546-1560. [doi: 10.1111/j.1360-0443.2006.01581.x] [Medline: 17034434]

47. Petry NM. A comprehensive guide to the application of contingency management procedures in clinical settings. Drug
Alcohol Depend 2000 Feb 01;58(1-2):9-25. [doi: 10.1016/s0376-8716(99)00071-x] [Medline: 10669051]

48. Petry NM, Martin B, Cooney JL, Kranzler HR. Give them prizes, and they will come: contingency management for treatment
of alcohol dependence. J Consult Clin Psychol 2000 Apr;68(2):250-257. [doi: 10.1037//0022-006x.68.2.250] [Medline:
10780125]

49. Alessi SM, Petry NM. A randomized study of cellphone technology to reinforce alcohol abstinence in the natural environment.
Addiction 2013 May 30;108(5):900-909 [FREE Full text] [doi: 10.1111/add.12093] [Medline: 23279560]

50. Swift R. Direct measurement of alcohol and its metabolites. Addiction 2003 Dec 30;98 Suppl 2(s2):73-80. [doi:
10.1046/j.1359-6357.2003.00605.x] [Medline: 14984244]

51. Paton A. Alcohol in the body. BMJ 2005 Jan 08;330(7482):85-87 [FREE Full text] [doi: 10.1136/bmj.330.7482.85] [Medline:
15637372]

52. Litten RZ, Bradley AM, Moss HB. Alcohol biomarkers in applied settings: recent advances and future research opportunities.
Alcohol Clin Exp Res 2010 Jun 25;34(6):955-967. [doi: 10.1111/j.1530-0277.2010.01170.x] [Medline: 20374219]

53. McDonell MG, Leickly E, McPherson S, Skalisky J, Srebnik D, Angelo F, et al. A randomized controlled trial of ethyl
glucuronide-based contingency management for outpatients with co-occurring alcohol use disorders and serious mental
illness. Am J Psychiatry 2017 Apr 01;174(4):370-377 [FREE Full text] [doi: 10.1176/appi.ajp.2016.16050627] [Medline:
28135843]

54. Oluwoye O, Reneau H, Herron J, Alcover KC, McPherson S, Roll J, et al. Pilot study of an integrated smartphone and
Breathalyzer contingency management intervention for alcohol use. J Addict Med 2020;14(3):193-198 [FREE Full text]
[doi: 10.1097/ADM.0000000000000553] [Medline: 31567597]

55. Lauckner C, Taylor E, Patel D, Whitmire A. The feasibility of using smartphones and mobile breathalyzers to monitor
alcohol consumption among people living with HIV/AIDS. Addict Sci Clin Pract 2019 Nov 26;14(1):43 [FREE Full text]
[doi: 10.1186/s13722-019-0174-0] [Medline: 31771655]

56. You CW, Chen YC, Chen CH, Lee CH, Kuo PH, Huang MC, et al. Smartphone-based support system (SoberDiary) coupled
with a Bluetooth breathalyser for treatment-seeking alcohol-dependent patients. Addict Behav 2017 Feb;65:174-178. [doi:
10.1016/j.addbeh.2016.10.017] [Medline: 27816043]

57. Hämäläinen MD, Zetterström A, Winkvist M, Söderquist M, Karlberg E, Öhagen P, et al. Real-time monitoring using a
breathalyzer-based eHealth system can identify lapse/relapse patterns in alcohol use disorder patients. Alcohol Alcohol
2018 Jul 01;53(4):368-375. [doi: 10.1093/alcalc/agy011] [Medline: 29590325]

58. Goldfine C, Lai JT, Lucey E, Newcomb M, Carreiro S. Wearable and wireless mHealth technologies for substance use
disorder. Curr Addict Rep 2020 Sep 01;7(3):291-300 [FREE Full text] [doi: 10.1007/s40429-020-00318-8] [Medline:
33738178]

59. Brobbin E, Deluca P, Coulton S, Parkin S, Drummond C. Comparison of transdermal alcohol concentration and self-reported
alcohol consumption in people with alcohol dependence attending community alcohol treatment services. Drug Alcohol
Depend 2024 Mar 01;256:111122 [FREE Full text] [doi: 10.1016/j.drugalcdep.2024.111122] [Medline: 38367536]

60. Brobbin E, Parkin S, Deluca P, Drummond C. A qualitative exploration of the experiences of transdermal alcohol sensor
devices amongst alcohol service practitioners (South London, UK). Addict Res Theory 2025;33(1):36-47 [FREE Full text]
[doi: 10.1080/16066359.2024.2309869] [Medline: 39906322]

61. Merrill JE, Fan P, Wray TB, Miranda Jr R. Assessment of alcohol use and consequences: comparison of data collected via
timeline followback interview and daily reports. J Stud Alcohol Drugs 2020 Mar;81(2):212-219 [FREE Full text] [doi:
10.15288/jsad.2020.81.212] [Medline: 32359051]

62. Miguel AQ, Madruga CS, Cogo-Moreira H, Yamauchi R, Simões V, da Silva CJ, et al. Contingency management is effective
in promoting abstinence and retention in treatment among crack cocaine users in Brazil: a randomized controlled trial.
Psychol Addict Behav 2016 Aug;30(5):536-543 [FREE Full text] [doi: 10.1037/adb0000192] [Medline: 27442691]

JMIR Hum Factors 2025 | vol. 12 | e64664 | p.250https://humanfactors.jmir.org/2025/1/e64664
(page number not for citation purposes)

Brobbin et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://europepmc.org/abstract/MED/36507857
http://dx.doi.org/10.1111/acer.14995
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36507857&dopt=Abstract
https://europepmc.org/abstract/MED/30179709
http://dx.doi.org/10.1016/j.alcohol.2018.08.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30179709&dopt=Abstract
https://www.nice.org.uk/guidance/cg51
http://dx.doi.org/10.1016/j.jsat.2007.01.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17574803&dopt=Abstract
http://dx.doi.org/10.1176/appi.ajp.2007.06111851
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18198270&dopt=Abstract
http://dx.doi.org/10.1111/j.1360-0443.2006.01581.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17034434&dopt=Abstract
http://dx.doi.org/10.1016/s0376-8716(99)00071-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10669051&dopt=Abstract
http://dx.doi.org/10.1037//0022-006x.68.2.250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10780125&dopt=Abstract
https://europepmc.org/abstract/MED/23279560
http://dx.doi.org/10.1111/add.12093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23279560&dopt=Abstract
http://dx.doi.org/10.1046/j.1359-6357.2003.00605.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14984244&dopt=Abstract
https://europepmc.org/abstract/MED/15637372
http://dx.doi.org/10.1136/bmj.330.7482.85
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15637372&dopt=Abstract
http://dx.doi.org/10.1111/j.1530-0277.2010.01170.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20374219&dopt=Abstract
https://europepmc.org/abstract/MED/28135843
http://dx.doi.org/10.1176/appi.ajp.2016.16050627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28135843&dopt=Abstract
https://europepmc.org/abstract/MED/31567597
http://dx.doi.org/10.1097/ADM.0000000000000553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31567597&dopt=Abstract
https://ascpjournal.biomedcentral.com/articles/10.1186/s13722-019-0174-0
http://dx.doi.org/10.1186/s13722-019-0174-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31771655&dopt=Abstract
http://dx.doi.org/10.1016/j.addbeh.2016.10.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27816043&dopt=Abstract
http://dx.doi.org/10.1093/alcalc/agy011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29590325&dopt=Abstract
https://europepmc.org/abstract/MED/33738178
http://dx.doi.org/10.1007/s40429-020-00318-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33738178&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0376-8716(24)00043-7
http://dx.doi.org/10.1016/j.drugalcdep.2024.111122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38367536&dopt=Abstract
https://www.tandfonline.com/doi/full/10.1080/16066359.2024.2309869
http://dx.doi.org/10.1080/16066359.2024.2309869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39906322&dopt=Abstract
https://europepmc.org/abstract/MED/32359051
http://dx.doi.org/10.15288/jsad.2020.81.212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32359051&dopt=Abstract
https://europepmc.org/abstract/MED/27442691
http://dx.doi.org/10.1037/adb0000192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27442691&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


63. Sobell L, Sobell M. Timeline follow-back. In: Litten RZ, Allen JP, editors. Measuring Alcohol Consumption: Psychosocial
and Biochemical Methods. Totowa, NJ: Humana Press; 1992:41-72.

64. van Egmond K, Anderson-Luxford D, Kuntsche E, Wright C, Caluzzi G, Pennay A. Measuring alcohol consumption while
watching sport events: a feasibility and validity study comparing ecological momentary assessments and transdermal alcohol
monitors. Journal of Substance Use 2023 Apr 20;29(5):689-695. [doi: 10.1080/14659891.2023.2199850]

65. Dougherty DM, Moon TJ, Liang Y, Roache JD, Lamb RJ, Mathias CW, et al. Effectiveness of contingency management
using transdermal alcohol monitoring to reduce heavy drinking among driving while intoxicated (DWI) arrestees: a
randomized controlled trial. Alcohol Clin Exp Res (Hoboken) 2023 Oct 13;47(10):1989-2001 [FREE Full text] [doi:
10.1111/acer.15180] [Medline: 37864527]

Abbreviations
AUD: alcohol use disorder
BCa: bias–corrected and accelerated
CM: contingency management
TAC: transdermal alcohol concentration
TAS: transdermal alcohol sensor
TLFB: timeline followback

Edited by A Kushniruk; submitted 24.07.24; peer-reviewed by R Zhang, O Zhabenko; comments to author 14.10.24; revised version
received 18.10.24; accepted 20.12.24; published 14.03.25.

Please cite as:
Brobbin E, Drummond C, Parkin S, Deluca P
Use of Wearable Transdermal Alcohol Sensors for Monitoring Alcohol Consumption After Detoxification With Contingency Management:
Pilot Randomized Feasibility Trial
JMIR Hum Factors 2025;12:e64664
URL: https://humanfactors.jmir.org/2025/1/e64664 
doi:10.2196/64664
PMID:

©Eileen Brobbin, Colin Drummond, Stephen Parkin, Paolo Deluca. Originally published in JMIR Human Factors
(https://humanfactors.jmir.org), 14.03.2025. 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 JMIR Human Factors, is properly cited. The complete bibliographic
information, a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license information
must be included.

JMIR Hum Factors 2025 | vol. 12 | e64664 | p.251https://humanfactors.jmir.org/2025/1/e64664
(page number not for citation purposes)

Brobbin et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1080/14659891.2023.2199850
https://europepmc.org/abstract/MED/37864527
http://dx.doi.org/10.1111/acer.15180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37864527&dopt=Abstract
https://humanfactors.jmir.org/2025/1/e64664
http://dx.doi.org/10.2196/64664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Patient Experiences With a Mobile Self-Care Solution for
Low-Complex Orthopedic Injuries: Mixed Methods Study

Jelle Spierings1*, MD; Gijs Willinge2*, MD; Marike Kokke1*, MD; Sjoerd Repping3*, PhD; Wendela de Lange4, BSc;

Thijs Geerdink2*, MD, PhD; Ruben van Veen2*, MD, PhD; Detlef van der Velde1*, MD, PhD; Carel Goslings2*, MD,

PhD; Bas Twigt2*, MD, PhD; Collaboration Group6

1Department of Trauma Surgery, St. Antonius Ziekenhuis Utrecht, Koekoekslaan 1, Nieuwegein, The Netherlands
2Department of Trauma Surgery, OLVG Hospital, Amsterdam, The Netherlands
3University of Amsterdam, Amsterdam University Medical Centers, Amsterdam, The Netherlands
4The Healthcare Innovation Center, Julius Centrum, University Medical Center Utrecht, Utrecht, The Netherlands
6

*these authors contributed equally

Corresponding Author:
Jelle Spierings, MD
Department of Trauma Surgery, St. Antonius Ziekenhuis Utrecht, Koekoekslaan 1, Nieuwegein, The Netherlands

Abstract

Background: The Dutch acute health care system faces challenges with limited resources and increasing patient numbers. To
reduce outpatient follow-up, direct discharge (DD) has been implemented in over 30 out of 80 Dutch hospitals. With DD, no
routine follow-up appointments are scheduled after the emergency department (ED) visit for low-complex, isolated, and stable
musculoskeletal injuries. This policy is supported by information leaflets, a smartphone app, and a telephone helpline with human
support. Growing evidence shows that DD is satisfactory, safe, and effective in reducing secondary health care use, but thorough
patient experiences are lacking.

Objective: The aim of this study was to explore the experiences of patients with DD to ensure durable adoption and to improve
the treatment protocol.

Methods: A mixed method study was conducted parallel to the implementation of DD in 3 hospitals. Data were collected
through a survey directly after the ED visit, a survey 3 months post injury, and semistructured interviews. Quantitative data were
reported descriptively, and qualitative data used thematic analysis. Outcomes included the Bowen feasibility parameters:
implementation, acceptance, preliminary efficacy, and demand. All patients who consented to the study face-to-face with one of
the 12 low-complex musculoskeletal injuries were included in the study during the implementation period.

Results: Of the 429 patients who started the primary survey, 138 patients completed both surveys. A total of 18 semistructured
interviews were conducted and analyzed. Patients reported a median treatment satisfaction score of 7.8 (IQR 6.6-8.8) on a 10-point
scale of DD at the ED. Information quality was experienced as good (106/138, 77%), and most preferred DD over face-to-face
follow-up (79/138, 59%). Patient information demands and app use varied among patients, with a median frequency of use of 4
times (ranging from 1 to 30).

Conclusions: This study shows that patients consider DD a feasible and safe alternative to traditional treatment, with a favorable
perception of its acceptability, efficacy, applicability, and demand. Nevertheless, response rates were relatively low, and personal
nuances and preferences must be considered when implementing DD. Clinicians and policy makers can use the insights to improve
DD and work towards the integration of DD into clinical practice and future guidelines.

(JMIR Hum Factors 2025;12:e53074)   doi:10.2196/53074
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Introduction

The Dutch acute health care system faces substantial challenges
due to limited resources and a rising number of patients
requiring in-hospital care [1,2]. To alleviate this pressure, virtual
fracture clinics have been introduced for Orthopedic and Trauma
surgery patients [3]. Direct discharge (DD) is the most basic
part of a virtual fracture clinic, concerning solely low-complex,
isolated, stable musculoskeletal injuries. With DD, patients with
these injuries are discharged directly from the emergency
department (ED) without routine outpatient follow-up. Patients
receive a removable orthosis or sling and are given information
summarized in a mobile self-care app, the Virtual Fracture Care
(VFC) app.

Growing evidence shows that DD is a safe and effective
alternative to “traditional” care with routine follow-up [4,5].
DD reduces secondary health care use without causing a shift
to primary health care use, while patient-reported outcomes (eg,
functional outcome and satisfaction scores) and adverse
outcomes (eg, complications and persistent complaints) are
comparable [3,4]. These results and the usefulness of this
method during COVID-19 social distancing measurements have
led to a rapid uptake of DD in the Netherlands for 12 frequent
injuries at the ED [6]. Since the first introduction in 2019, over
25 out of the 80 Dutch hospitals have implemented DD as the
standard of care, adding to over 100 virtual fracture clinics and
DDs worldwide [7]. While this reorganization of care has
yielded beneficial outcomes in terms of reducing resources with
comparable patient outcomes, there is a lack of research on the
experiences of patients and their relatives with DD.

Performing an in-depth evaluation from an end user perspective
deepens the insight into the quality of care by gaining a deeper
understanding of user experiences and exploring reasons for
nonadoption or abandonment, ensuring sustainable adoption of
DD (inter)nationally. The aim of this study was therefore to
explore the experiences of patients with DD to ensure durable
adoption and to improve the protocol.

Methods

Design
An observational mixed method study was conducted among
patients and parents of patients younger than 12 years who
sustained low-complex, isolated, stable musculoskeletal injuries
parallel to the implementation of DD in 3 Dutch level-2 trauma
centers from September 2021 to July 2022 with an inclusion
period of 3 months per hospital (Figure 1). Quantitative data
and qualitative data were collected and analyzed separately by
a quantitative team (GW and JS) and a qualitative team (WL
and E Mathijsen). The Bowen feasibility framework was used
to organize the data within the following parameters:
implementation, acceptation, preliminary efficacy, and demand
[8]. After separate analyses, quantitative data and qualitative
data were triangulated with the Pillar Integration Process [9].
This study was reported according to the Good Reporting on a
Mixed Methods Study (GRAMMS) criteria (Multimedia
Appendix 1) [10], and according to the “Improving and
Standardizing Evaluation Reports of Web-based and Mobile
Health Interventions from the CONSORT-EHEALTH” [11].

Figure 1. Summary of study procedures and models used to evaluate the direct discharge protocol among patients.

Context
All participating centers were urban, level-2 trauma centers and
teaching hospitals with up to 3 locations per hospital. All
locations per hospital have an ED and implemented DD at the
same time. Each hospital treats between 1200 and 1800 patients
with low-complex, stable, isolated musculoskeletal injuries
annually.

Traditional Treatment
Before DD was implemented, patients were treated according
to local trauma protocols. These protocols consisted of
immobilization or support with either a cast, sling, bandage, or
splint and brief information about the injury at the ED. At least
1 outpatient follow-up appointment was scheduled at the plaster
room or in the outpatient clinic within 2 weeks after the injury
for review, extensive information, and definitive management
planning.
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Direct Discharge Protocol
This protocol was derived from the British model of a virtual
fracture clinic and adapted to the Dutch health care setting in
2018. In its Dutch adaptation, DD includes 12 treatment
protocols for low-complex, stable traumatic orthopedic injuries
with additional injury-related criteria (Multimedia Appendix
2) [6]. Patients who met the injury-related inclusion criteria in
Multimedia Appendix 2 and spoke Dutch or English fluently
were included. No further predefined restrictions (eg, age or
comorbidity) were used. Patients were excluded from the
protocol if they had initial treatment in another hospital,
follow-up in another hospital (eg, closer to home), multiple
injuries, the reason for follow-up other than the injury (eg,
social-care reasons), Eye/Motor/Verbal-score<15 at presentation,
or intoxication. With DD, patients were discharged directly
from the ED without routine outpatient follow-up. They receive
a removable orthosis or a sling (eg, brace instead of a cast), and
extensive information at the ED, summarized in a mobile
self-care app, the VFC app. Apart from the criteria in
Multimedia Appendix 2 and Dutch or English language skills
(level B1), the protocols did not contain any predefined
restrictions (eg, age or comorbidity). If, however, the ED staff
believed physical follow-up was the most suitable treatment,
outpatient follow-up was scheduled accordingly.

Patient eligibility for the protocol was re-evaluated on the next
workday (within 24 h) by a team consisting of an (orthopedic)
trauma surgeon and a radiologist. Patients who were incorrectly
discharged directly were contacted by phone and scheduled for
a face-to-face appointment.

VFC App
The VFC app provides self-care assistance through information,
videos, and a helpline and can be downloaded for free at the
Google Play Store and iOS App Store (Figure 2). Injury-specific
leaflets with recovery information, treatment rules, and red flags
were included. Furthermore, frequently asked questions,
audiovisual exercise-, immobilization-, and analgesic
instructions were included to assist patients. If patients required
human contact in addition to the information, a helpline operated
by an employee (eg, plaster technician) was available during
working hours. The VFC app aimed to increase self-management
and self-care during recovery and to substitute face-to-face
follow-up. No reminders were sent, and use was voluntary. The
app was developed by OLVG to reduce health care use and built
by medical doctors with IT experience, usability testing was
performed with peers. Due to its success, it was implemented
in other hospitals. No major changes occurred during the study
period.
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Figure 2. English and Dutch in-app screenshots of the Virtual Fracture Care app used in the direct discharge protocol.

Study Population
Patients who met inclusion criteria and consented to participate
in the surveys in the VFC app were included. Based on the
annual number of patients (1200‐1800 per hospital), and the
inclusion time of 3 months per hospital, the estimated number
of eligible patients was between 900 and 1350. Parents were
asked to fill out the surveys if patients were 12 years or younger.
If patients were between 13 and 16 years of age, patients and
parents were allowed to complete the surveys. Patients older
than 16 years could fill out the surveys alone. The exclusion
criteria for this study were the same as the previously mentioned
exclusion criteria for DD.

Sampling and Recruitment
Before discharge from the ED, in a face-to-face setting, eligible
patients were asked to download and open the VFC app. An
in-app pop-up asked for informed consent to participate in 2
surveys and an interview. After informed consent, patients were
redirected to a Research Electronic Data Capture (REDCap)
environment, a web-based survey system, to fill out the primary
survey and were given an opt-out form by the treating physician,
[12]. Additional information was given about the study and
withdrawal methods. In the REDCap environment, all
participants who started the survey were invited to participate
in the interview by clicking a button and providing their email
addresses. Age, sex, type of injury, and hospital were used to
select a purposive sample among the quantitative population
for interview patients. Eligible patients were contacted a
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minimum of 6 weeks after injury to schedule a semistructured
interview. During data collection, authors WDL and E Mathijsen
considered whether the qualitative data had gained sufficient
depth to perform a thorough analysis. Patients were reminded
by email to complete the survey, and the second survey was
sent 3 months post injury. Additional patient data were collected
from electronic patient records.

Data Collection
Data were collected from surveys, semistructured interviews,
and system data.

Surveys
Two surveys, 1 directly after the ED visit and one 3 months
after the ED visit, with 63 questions, including close-ended
questions, multiple-choice questions, 5-point Likert Scales,
visual analog scales, and free-text questions, measured 5 Bowen
feasibility parameters (Multimedia Appendix 3) [8]. As no
golden standard for the evaluation of innovations exists, the
surveys and topic list were developed by 4 researchers (JS, GW,
BT, and THG) and checked by 2 experts on relevance: a
professor in trauma surgery (JC Goslings) and an associate
professor in-process evaluations of health care innovations (JCA
Trappenburg). We pretested the survey with 5 patients to
improve clarity.

Semistructured Interviews
Two independent researchers specialized in qualitative research,
not involved in daily clinical practice or the VFC research team,
conducted digital semistructured interviews to minimize
social-desirability bias. The interviews were held within 6 and
10 weeks post injury to warrant an optimal recall. The interviews
were guided by a topic list based on literature, including
previously mentioned Bowen feasibility parameters (Multimedia
Appendix 4) [8]. The research team piloted the topic list for
clarity and completeness and modified it during data collection.

System Data
Quantitative data were extracted from the electronic patient
record after 3 months of follow-up. The patient characteristics
included compliance to therapy, complications (yes/no), type
of complications, follow-up (yes/no), type of follow-up, and
imaging. Downtime from the app was extracted from the log
record of the VFC app.

Data Analysis
Quantitative data were analyzed using the SPSS (version 27;
IBM Corporation) [13]. Baseline characteristics were reported
descriptively using numbers and proportions for categorical
variables and mean with SD or median with IQR as appropriate.
The normal distribution of continuous data was assessed with
visual analysis. Discrete variables were reported as numbers
(percentages of the total population). The paired t test or the
Mann-Whitney U test was used to determine the statistical
significance of parametric variables for normally and
nonnormally distributed data.

Qualitative data were analyzed according to the principles of
the 6 phases of thematic analysis by Braun and Clark [14]. We
have used an inductive, categorical approach because the

triangulation process started after 4 phases. Data analysis started
after the first 5 interviews. Interviews were audiotaped,
transcribed verbatim, and analyzed using the software program
NVivo (QSR International) [14]. One researcher (WL)
independently analyzed the data, and another researcher (E
Mathijsen) reviewed the analysis. Two researchers (WL and E
Mathijsen) used several methods to ensure reliability and
validity [15-17]. Discrepancies and remarks were discussed
until they reached a consensus about data interpretations. Memos
were made to track research decisions during analysis. Code
saturation was reached when no new categories or themes
emerged from the new raw data [15,16]. Instead of steps 5 and
6 according to Braun and Clark [14], we organized the data per
theme during the triangulation session. The final themes were
used to describe the value and feasibility of DD from the
perspective of patients.

Triangulation
After the separate quantitative and partly qualitative analyses,
findings were triangulated with a simplified approach of the
Pillar Integration Process technique [9]. This approach uses a
transparent and rigorous 4-stage technique for integrating and
presenting qualitative and quantitative findings in a joint display
Microsoft Excel, 2018 [18]. One of the researchers presented
the quantitative findings (JS) per study parameter, and another
the qualitative findings (WDL). (Dis)similarities and
self-contained themes were objectified. One of the researchers
(E Mathijsen) merged these themes into a meaningful narrative
(the pillar), reviewed by researchers JS and WDL.

Ethical Considerations
This study, including the process analysis, was reviewed and
approved by the Medical Ethical Committee of Utrecht,
Netherlands (W21.261). Patients provided consent for
participation in the research and could opt out at any time after
request by email. The original consent and institutional review
board approval covers secondary analysis without additional
consent. A data key is stored at the local hospitals in a secured
map and coded file. This is only accessible to JS and GW. The
accessible data have been deidentified as far as possible (eg,
age in years instead of the date of birth). Patients received no
compensation to participate in this research.

Results

Demographics
Of the 429 patients who started the primary survey, 203 did not
provide any data or contact details and did not complete the
first survey and 88 did not complete both surveys (Figure 3).
Of the 138 patients that completed both surveys (response rate:
138/429, 32%), 83 out of 138 (60%) were female, and the
median age was 50 years (IQR 12 to 61) (Table 1). Patients who
provided contact details at baseline varied significantly from
responders regarding age (P=.01) but not sex (P=.14). Most
patients were native Dutch speakers, who had attended primary
school in the Netherlands (136/198, 98%), and over half had a
minimum of a bachelor’s degree (82/198, 59%) (Table 1). In
addition, 18 patients sampled from the quantitative source
participated in a web-based semistructured interview, of which
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15 (83%) patients were female and 6 (33%) patients were parents of children (Table 2).

Figure 3. Flow diagram of eligible patients to evaluate the DD protocol. DD: direct discharge.
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Table 1. Baseline characteristics of included patients in quantitative analysis of direct discharge.

Included in quantitative analysis (n=138)Characteristic

50 (12‐61)Age (years), median (IQR)

51 (37)Age younger than 18 years, n (%)

83 (60)Sex (female), n (%)

Country of primary school, n (%)

136 (98)    Netherlands

1 (1)    Philippines

1 (1)    Italy

Primary language, n (%)

136 (98)    Dutch

1 (1)    Filipino

1 (1)    Italian

Highest level of education, n (%)

4 (3)    Elementary school

21 (15)    High school

28 (20)    Vocational school

50 (36)    College

32 (23)    University

3 (2)    Other

Hospital treated, n (%)

54 (39)    Center A

26 (19)    Center B

58 (42)    Center C
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Table 2. Demographics of interviewed patients or parents regarding experiences with the direct discharge protocol.

Year of birthType of injuriesSexID

1969Mallet fingerFemale#1

1971Weber A Fxa or avulsion FxFemale#2

2000Weber A Fx or avulsion FxFemale#3

1956Fifth metatarsal FxMale#4

1957Radial head or neck FxFemale#5

1992Ankle distortionFemale#6

1963Radial head or neck FxFemale#7

2011Torus Fx of the radiusFemale#8

1959Radial head or neck FxMale#9

1964Hallux FxFemale#10

1980Fifth metatarsal FxMale#11

2010Hallux FxFemale#12

2017Spoke injuryFemale#13

2014Greenstick FxFemale#14

1974Radial head or neck FxFemale#15

2014Torus FxFemale#16

2011Torus FxFemale#17

1956Weber A Fx or avulsion FxFemale#18

aFx: fracture.

Implementation
Both data sources indicated that most patients were satisfied
with their ED visit and the introduction of the app, despite some
mentioning the hectic ED environment and difficulty
downloading the app due to poor Wi-Fi connection. The
physiological distress, and the hectic ED environment, resulted
in an inability to recollect all the information provided by the
ED physician. Several patients pointed out that the information
in the VFC app was a valuable supplement to their ED visit
(quote 1). Mobile app stability was excellent, with only 1 patient
reporting issues accessing the app. The helpline could not be
reached in 4 cases, resulting in 2 patients contacting the ED
directly. The app was available 99.6% of the time, with the only
downtime (5 hours in 3 months) caused by a software problem
that was fixed by the app builder.

Because… it always goes quickly. It is always busy.
But still, you know, this was completely clear; what
I could expect and that I could download the app.
[quote 1; ID #10]

Acceptation
The median satisfaction with treatment was 7.8 (IQR 6.6-8.8)
on a 10-point scale. Qualitative data complemented quantitative
data, as most patients mentioned that they were satisfied with
DD (quotes 2 and 3).

I would give DD a 7 or 8. Yeah, let’s say 7, because
I do feel that it might be difficult for older people.

Especially because they don’t always understand
technology, you know. [quote 2; ID #15]

To be honest, I think it’s better. You know, often it’s
like, you go to a hospital, and it takes half a day just
to get there, and come back, and all those things, and
then it’s just like: “O, it looks fine.” [quote 3; ID #5]

VFC App Acceptation
Most patients (106/138, 77%) reported that the quality of the
information in the app was good and reported that the
information answered the questions they had during their
recovery (82/138, 58%). Additionally, 59% (79/138) would
prefer the app over face-to-face follow-up if they were to have
a similar injury. However, in qualitative data, some patients
expressed concerns that the app may not be suitable for people
with limited digital skills. Even though none of the patients
identified themselves as “vulnerable,” many reported that the
app may not be appropriate for vulnerable individuals. Patients
expressed that DD should not be mandatory for all in order to
protect potentially vulnerable patients for whom DD would not
be suitable.

Brace Acceptation
A total of 122 patients out of 138 (89%) used the brace for the
prescribed period. Most patients (116/138, 84%) removed the
brace or the sling during showering, at night (118/138, 86%),
and (72/138, 52%) during non–weight bearing exercises. Most
patients (97/138, 71%) found the brace comfortable, and 94 out
of 138 patients (68%) found the brace convenient for these types
of injuries (Multimedia Appendix 5). These findings were
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complementary to the qualitative data. Patients preferred the
brace to a cast as it allowed for better mobility because it was
less bulky and less rigid compared with a cast (quote 4).
However, the increased mobility made it tempting to overexert
oneself, resulting in increased pain and insecurity for some
patients (quote 5). The smaller size of the braces made some
injuries seem less serious and burdensome, reportedly leading
to social pressure to return to work earlier than advised by the
doctor or app. Additionally, the less rigid nature of the brace
resulted in increased skin friction, causing a superficial ulcer
in 1 patient in the qualitative data.

I really like the brace because it allowed me to move.
So, I was not stuck with a bulky cast on my leg, but
rather, I had a lot of flexibility. I could actually
determine what I wanted to do or not. So, I found that
very enjoyable. [quote 4; ID #2]

The brace was sometimes the reason I went over my
limit. I could move more and was in the process of
moving to a new home. But then the pain came back.
I found it very difficult to ‘guard’ my limits. [quote
5; ID #18]

Helpline and Perceived Safety
Most patients found the helpline important (116/138, 84%) and
that the helpline offered them a sense of security (86/138, 62%).
For some patients, the helpline was a way of checking if their
recovery was still on track (quote 6). Most patients (94/138,
68%) in both data sources expressed that treatment with a brace
and a helpline is safe for these types of injuries. However, some
expected that if injuries were more severe, they would need
more assistance than a brace and a smartphone app (quote 7).

Self-Empowerment
An increase in perceived self-empowerment was reported in 67
out of 138 (49%) of all patients, 51 (37%) patients reported
neutral results, and 20 (14%) patients reported no increase.
Enhanced treatment engagement was reported in 58 (42%)
patients, while 50 (36%) patients reported neutral results, and
31 out of 138 (23%) patients reported no enhanced engagement
(Multimedia Appendix 6). In the qualitative data, some of the
interviewed patients stated that this type of treatment provided
more self-empowerment and therefore, more control in their
recovery (quote 8).

After about a week or three, I had a setback. I
couldn’t find this in the app, so I decided to call the
helpline. The pain came back, and I was afraid I had
broken something or something like that. They
reassured me that it could not happen so quickly and
that I just needed to rest for 24 hours h. They were
right! It was nice to be able to check this. [quote 6;
ID #11]

Yes, I believe it is safe, given the circumstances.
Because it wasn’t that serious. Yes. I do have the
confidence that if it is something serious I won’t
receive this type of treatment. [quote 7; ID #17]

It was nice that I could read what I was allowed to
do and what I was not. I think that gave me more
control over my recovery. I knew what I could do

myself in terms of exercises, and that was very helpful.
[quote 8; ID #2]

Preliminary Efficacy

Secondary Health Care Use
A total of 10 out of 138 (7%) patients had a face-to-face
follow-up, and 9 (7%) patients by phone. Two patients attended
the ED again after discharge due to anxiety and pain at the
fracture site and were scheduled for outpatient follow-up. Two
patients received follow-up for a wound check and 2 received
follow-up as decided by the medical specialist due to severe
pain complaints at the ED.

Functional Outcome
More than half of the patients had fully recovered 3 months
after injury in terms of daily activities, sports, and work (84/138,
61%). Between 31% and 40% of patients were limited in
functional outcomes once or twice a week. Approximately one
in 10 patients were limited in physical activities more than 3
times a week. (Multimedia Appendix 7).

Pain
Most (92/138, 67%) patients have used painkillers in the first
3 weeks of recovery. Of these patients, 70 out of 92 (76%)
patients have used acetaminophen, 17 (12%) patients have used
nonsteroidal anti-inflammatory drugs, and 5 (4%) patients have
used other undefined analgesics. Few patients (7/92, 5%) used
cooling of the injury site to reduce pain. Analgesic use in the
second week was lower (35/92, 38%) and further declined in
the third week (9/92, 10%) and in the fourth week or after (9/92,
10%). Qualitative data showed limited pain complaints after
immobilization of the initial trauma. Pain complaints in the first
weeks were treated with analgesics. After the immobilization,
a few patients had persistent pain symptoms. Most of these
patients sustained a Weber A ankle fracture or ankle distortion.
Those patients were most limited in their daily activities,
specifically during more intense physical activities (eg, labor
and sports) (quote 9).

The eight weeks of recovery are over, I believe. So
now I should be able to start exercising again, well
I do karate but I’ll wait a little longer for that. [quote
9; ID #4]

Demand
Almost all patients used the app during recovery (133/138, 95%)
with a median of 4 times (IQR 2-6.5, range 0‐30). Reasons to
use the app included checking recovery exercises (91/138, 68%),
treatment rules (69/133, 51%), the phase of recovery (68/133,
51%), seeking helpline information (57/133, 42%), and
analgesics (10/133, 8%). Qualitative data supported the
quantitative data. App use was focused on the first weeks post
injury, and parents consulted the app more than children. They
occasionally showed it to their child, predominantly if the
information contained photos and videos (quote 10). Among
the interviewed patients, almost all patients reported not
requiring face-to-face follow-up for these types of injuries. The
biggest advantage of DD is that it is time-saving on a personal
level. Nevertheless, a few patients expressed a preference for
outpatient follow-up. Especially if they had persistent complaints
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or when the recovery was slower than expected. Patients
expressed that this led to insecurity, which was also expressed
by patients who used the app more frequently or later in the
recovery phase (quote 11).

A minority of patients reported a lack of human contact and the
physicians’ reassurance of adequate recovery. Subsequently, as
a minimal substitute, these patients suggested a feedback system
(eg, pain scores or communication tools) to assist them further.

As for the app, he did see it, but you know, whatever!
The only thing they find really interesting are pictures.
What I liked that in the app is that they actually
showed what was going on and what it looks like.
[quote 10; ID #17]

I was constantly looking for confirmation in the app,
online, or at the fracture helpline. [quote 11; ID #11]

Discussion

Principal Findings
This study shows that patients consider DD a feasible and safe
alternative to traditional treatment, with a favorable perception
of its acceptability, efficacy, applicability, and demand.
Nevertheless, response rates were relatively low, and personal
nuances and preferences must be considered when implementing
DD.

Comparison With Literature
Patient satisfaction and perceived safety with DD aligned with
previous studies [3,19,20]. Most patients responded positively
to the introduction of DD at the ED, brace treatment, and
assistance with the VFC app and helpline. The VFC app proved
valuable in overcoming low recall of verbal information due to
the chaotic ED environment and psychological distress. This
finding is consistent with a systematic review highlighting the
benefits of additional visual and written information in
enhancing recall and injury knowledge [21]. Adequate
understanding of the injury is crucial for properly following
self-care protocols and monitoring red flags, this aligns with
the finding that almost all patients used the app at least once.
The braces used with DD were well-received, offering
advantages such as easy removal (eg, during or at night), and
improved daily living activities due to the early weight bearing.
Braces seem to affect patients positively, as the lack of these
advantages has been reported as most burdensome during cast
immobilization [22]. However, the perceived decreased severity
of the injury may pose a risk of overexertion and require further
research.

Preliminary efficacy results align with previous research,
demonstrating low complication rates, secondary health care
use, comparable functional outcomes, and patient satisfaction
with treatment [4,5,23]. Most patients preferred the VFC app
over face-to-face follow-up for these injuries. While using apps
in orthopedic and trauma surgery is not new, adding a self-care
app to DD and virtual fracture clinics is a novel approach
[24-26]. Patients found the information quality good and
appreciated the time-saving component (eg, reducing work
absenteeism). However, in the case of more severe injuries with
wounds or complex fractures, some patients would prefer

face-to-face interaction for additional reassurance. As previously
suggested, digital self-care could be combined with face-to-face
follow-up or used for preappointment education in patients with
more severe injuries [27,28].

Although a good fit for most, some (young) patients noted that
the app might not be suitable for older individuals or those with
limited digital skills, potentially increasing health inequities in
an already digitally oriented world [29,30]. However, it is
important to note that DD targets relatively young patients, who
are considered capable by the treating physician.

While previous studies have highlighted the potential for
increased self-empowerment and patient engagement with
eHealth, this study did not explicitly confirm it [31-33]. Despite
positive study results, individual nuances in patients and injury
types require a continuous assessment to ensure personalized
patient care.

Information demand and app use varied among patients,
implying different levels of demand among users. A minority
of patients expressed a desire for more human contact and
reassurance. A possible suggested solution was developing an
in-app numerical feedback system, such as a questionnaire or
communication tool.

Strengths and Limitations
This study has several strengths. To our knowledge, it is the
first to provide in-depth interviews with patients treated using
DD, providing valuable insights. Second, the research team’s
multidisciplinary involvement ensured a comprehensive
evaluation and analysis of the data from multiple perspectives.
Thirdly, the mixed method approach, including the separate
collection of both data sources until data saturation, combined
with the triangulation, increased the likelihood of realistic and
rigorous results. Additionally, using a validated framework
provided a structured insight into each feasibility parameter.

However, limitations include potential responder and selection
bias due to a younger sample of patients with higher education
levels and Dutch literacy rates than the general Dutch
population. This age difference could be caused by the 12
selected injuries, of which half only occur in pediatric patients.
Furthermore, the response rate of this study was 32%. Response
rate, literacy, and education may limit the generalizability of
the findings to a broader Dutch population, especially those
with lower health literacy or digital skills. Furthermore, the
timing to measure functional outcomes might have been
suboptimal in these patients, as for some injuries (eg, mallet
finger injuries), the immobilization period had just ended,
resulting in limitations in daily activities.

Implications for Clinicians and Policy Makers, and
Future Perspectives
DD has emerged as a promising approach to reduce outpatient
follow-up while maintaining positive effects on primary health
care use, patient satisfaction, complications, and functional
outcomes [4,5]. By delivering follow-up care close to home,
associated health care costs and societal costs decrease [34]. In
addition, it limits unnecessary patient travel to the hospital
thereby reducing the environmental impact of health care.
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Including patients’ perspectives in evaluating new care
pathways, whether digitally assisted or not, is crucial for
sustainable adoption and quality of care. Clinicians, researchers,
and policy makers should prioritize patient involvement
throughout the design, prototype, pilot, and evaluation phases.
“Design thinking,” a validated approach widely recognized in
user experience and implementation literature, can be used to
design these pathways. For example, replacing hospital care
with DD involves changes in location and care deliverers, which
presents new needs, challenges, and opportunities suitable to
solve with design thinking. This study has identified areas for
improvement of DD in terms of functions and features, and
adjusted language to lower literacy. Future studies should focus

on co-designing in-app feedback systems that address patient
and health care professional needs for reassurance and
monitoring like communication tools or questionnaires.

Conclusion
Patients consider DD a feasible and safe alternative to traditional
treatment, with a favorable perception of its acceptability,
efficacy, applicability, and demand. Nevertheless, response
rates were relatively low, and personal nuances and preferences
must be considered when implementing DD. Clinicians and
policy makers can use the insights to improve DD and work
towards the integration of DD into clinical practice and future
guidelines.
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Abstract

Background: Ward rounds are an essential component of inpatient care. Patient participation in rounds is increasingly encouraged,
despite the occasional complicated circumstances, especially in acute care settings.

Objective: This study aimed to evaluate the effect of real-time ward round notifications using SMS text messaging on the
satisfaction of inpatients in an acute medical ward.

Methods: Since January 2021, a service implementing real-time ward round notifications via text messaging (WR-SMS) has
been operational at a tertiary-care medical center in Korea. To assess its impact, we conducted a retrospective cohort study of
patients admitted to the acute medical unit who participated in a patient experience survey. Patient satisfaction was compared
between patients admitted in 2020 (pre–WR-SMS group) and 2021 (post–WR-SMS group).

Results: From January 2020 to December 2021, a total of 100 patients were enrolled (53 patients in the pre–WR-SMS group
and 47 patients in the post–WR-SMS group). Compared with the pre–WR-SMS group, the post–WR-SMS group showed
significantly greater satisfaction about being informed about round schedules (mean 3.43, SD 0.910 vs mean 3.89, SD 0.375;
P<.001) and felt more emotionally supported during admission (mean 3.49, SD 0.800 vs mean 3.87, SD 0.397; P<.001). Regarding
other questionnaire scores, the post–WR-SMS group showed an overall, although statistically insignificant, improvement compared
with the pre–WR-SMS group.

Conclusions: Real-time round notifications using a user-friendly SMS may improve inpatient satisfaction effectively.

(JMIR Hum Factors 2025;12:e57470)   doi:10.2196/57470

KEYWORDS

rounds; round-time notification; text messaging; patient experience assessment; patient experiences; patient-centeredness; patient
participation

Introduction

Inpatient ward rounds constitute a salient core activity of the
daily care of hospitalized patients and present a critical
opportunity to deliver patient-centered care [1,2]. Ward rounds
are a complex process that involves organizing the clinical care
of inpatients, including diagnostic assessment and therapeutic
planning by the care team [3]. For the patient, inpatient ward
rounds provide an opportunity for direct patient-clinician
communication, sharing of information, and participation in
their own care planning [3,4]. Despite the widely recognized
importance of ward rounds, an environment conducive to

conducting such rounds and effectively communicating with
patients is not always achievable, resulting in ineffective
communication with and dissatisfaction of patients [5].
Especially in acute care settings, the participation of patients in
ward rounds is likely to be limited not only due to their acute
illness and fatigue [6] but also by the acute care context itself
and time constraints of the ward staff [7,8].

With the emphasis on patient-centeredness, the Korean Ministry
of Health and Welfare (MOHW) and the Health Insurance
Review and Assessment Service (HIRA) developed the Korean
Patient Experience Survey, to gain insight into the needs of
inpatients and improve inpatient care quality. This survey has
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been conducted biennially by telephone since 2017 among
patients discharged from hospitals, and the results have
repeatedly revealed that patients remain least satisfied with
inpatient ward rounds [9,10]. In line with global trends, studies
from the United States and the United Kingdom highlight the
importance of improving patient communication and providing
clear, predictable information to enhance patient satisfaction
[11-13]. Furthermore, evidence suggests that interventions
focusing on real-time communication [14], such as the use of
SMS text messaging, can help alleviate patient dissatisfaction
by improving the timeliness and transparency of ward rounds.

As part of the efforts to improve patients’ satisfaction, Seoul
National University Bundang Hospital (SNUBH), a 1300-bed
tertiary referral hospital in the Republic of Korea, has
implemented the real-time ward round notifications via text
messaging (WR-SMS) service since January 2021 to inform
the patients and their carers about the start of daily ward rounds,
and thereby alleviating arbitrary waiting for rounds.

In 2015, a hospitalist-run acute medical unit (AMU) was
established to enhance patient safety and care efficiency for
patients with acute medical conditions. Although the AMU
improved patient outcomes and efficiency of care [15,16],
patients’ perceptions of inpatient care were found to be
inconsistent, which could be attributed to the acuteness and
complexity of clinical conditions, the hectic hospital
environment, and heightened levels of anxiety.

As mobile devices continue to advance, SMS text messaging
has been suggested to enhance clear and efficient
communication in various clinical contexts [14,17]. However,
there remains a gap in research regarding the potential impact
of informing patients about round times via SMS text messages
on communication effectiveness and patient satisfaction. This
study aimed to determine the effect of real-time WR-SMS
service on the satisfaction of AMU inpatients.

Methods

Study Design and Clinical Setting
This retrospective cohort study was conducted at the AMU of
SNUBH, a hospitalist-run 46-bed ward caring for patients with
acute medical conditions, who were admitted from the
emergency or outpatient departments for active acute medical
care, unless being hemodynamically unstable requiring invasive
monitoring and critical care or terminally ill with cancer
requiring only palliative care. After receiving active acute care,
patients were either discharged or transferred to a specialty ward
for further treatment. The AMU was operated 24 hours a day
and 7 days a week by 10 board-certified medical hospitalists
on a weekly rotation basis.

The SNUBH patient-experience survey has been routinely
performed by telephone since 2006. Patients eligible for the
survey were randomly selected within 2 to 56 days (8 wk) after
discharge. Patients unable to communicate effectively due to
conditions resulting in severe cognitive or communication
impairments were excluded from the survey. Following the
introduction of the official Korean Patient Experience Survey
developed by the Korean MOHW/HIRA in 2017, the SNUBH

patient-experience survey used the very same questionnaire to
assess patients’ hospital experiences.

Study Participants
Adult patients ≥19 years of age who were admitted to the AMU
of SNUBH between January 2020 and December 2021 for ≥1
day and who participated in the SNUBH patient-experience
survey after discharge were included. Their demographic data
were retrospectively collected from the electronic medical record
system, and their satisfaction was assessed based on the SNUBH
patient-experience survey results. To determine whether patient
satisfaction improved, we compared the scores from 2020
(before the implementation of the WR-SMS, pre–WR-SMS
group) with those of 2021 (after the implementation of the
WR-SMS post–WR-SMS group).

Real-Time Ward Round Notification Service With
Text Messaging
The WR-SMS service was first developed in September 2020.
It was actively implemented in January 2021, after an
introductory period of 3 months (October to December 2020)
during which the staff was educated about and encouraged to
use the service via campaigns and email or SMS notifications.

The WR-SMS service was embedded into the SNUBH electronic
health record system, enabling the doctors to send short text
messages (80 to 160 bytes; ie, SMS) to their inpatients directly
from the electronic health record system with a few clicks. From
their patient list, doctors were able to select or deselect the
patients who would receive the SMS text message. The default
content of the SMS text message read, “Ward rounds by Dr.
OOO will begin shortly. Visiting times may vary depending on
the room.” Further adjustments to the content of the message
could be made as needed by the doctor. The notification could
also be sent simultaneously to other relevant medical staff. The
doctors were encouraged to send this WR-SMS to their patients
just before starting their ward rounds, usually right after
reviewing the patients’ records.

Patient-Experience Survey
The SNUBH patient-experience survey questionnaire, which
uses the same questions as the official Korean Patient
Experience Survey developed by the Korean MOHW/HIRA,
comprises 19 questions organized into 5 domains about the
patients’hospital experience (4 questions pertaining to “Services
from nurses,” 4 pertaining to “Services from physicians,” 5
pertaining to “Medication and treatment processes,” 2 pertaining
to “Hospital environment,” 4 pertaining to “Ensuring patients’
rights”, and 4 assessing patients’ demographic characteristics)
(detailed questionnaire is presented in Multimedia Appendix
1). Each question was scored on a 4-point Likert scale (1=very
dissatisfied, 2=dissatisfied, 3=satisfied, and 4=very satisfied)
to assess patients’ subjective satisfaction with the quality of
inpatient services. Except for the question about providing
information about plans after discharge, answers were either
“Yes” or “No.” For this study, the responses to the “Services
from physicians” and “Medication and treatment processes”
domain, which are closely related to inpatient ward rounds,
were considered.
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Statistical Analysis
Data reflecting patients’baseline characteristics were expressed
as a median with ranges for continuous variables and as
frequencies and percentages for categorical variables. Data from
Likert scales were expressed as means and SDs, as well as
median with ranges (IQRs). Comparisons were performed using
the Mann-Whitney U test, Student t test, and χ² test. All tests
were 2-sided and performed at a significance level of .05.
Statistical analyses were performed using IBM SPSS v. 21.0
(IBM Corp).

Ethical Considerations
The study was conducted in accordance with the Declaration
of Helsinki, revised in 2013. The SNUBH institutional review
board approved this study design and waived the need for
obtaining informed consent from the participants due to the
retrospective design (B-2203-746-101). Participant
confidentiality and anonymity were strictly maintained
throughout the research process, and data were handled in a
secure manner to protect their privacy. In addition, the study

ensured that no undue harm or burden was placed on participants
and that their rights, safety, and well-being were prioritized at
all times.

Results

Baseline Characteristics of the Participants
A total of 100 patients were enrolled from January 2020 to
December 2021 (53 in the pre–WR-SMS group before WR-SMS
implementation and 47 in the post–WR-SMS group after
WR-SMS implementation). The median age of the patients was
59.5 (range 25‐81) years, and of the total, 59 were female. A
total of 74 patients were hospitalized because of malignancy
and 26 patients were admitted for non-cancer illnesses. A total
of 44 and 56 patients were admitted from the emergency and
outpatient departments, respectively. The median length of
hospital stay was 7 (range 3‐30) days. No statistically
significant difference of patients’ baseline characteristics
between the pre- and post–WR-SMS groups was observed
(Table 1).

Table . Baseline demographic and clinical characteristics of study participants.

P valuePost–WR-SMS groupb

(n=47)
Pre–WR-SMS groupa

(n=53)

Characteristics

.9060 (38-76)58 (25-81)Age (year), median (range)

.36Sex, n (%)

22 (47)19 (36)Male

25 (53)34 (64)Female

.43Disease, n (%)

37 (79)37 (70)Malignancy

10 (21)16 (30)Non-cancer illness

.94Hospitalization route, n (%)

20 (43)24 (45)Emergency department

27 (57)29 (55)Outpatient department

.25Education, n (%)

32 (68)29 (55)≤High school

15 (32)24 (45)≥College

.767 (3-23)7 (3-30)Length of stay (days), median (range)

aPre–WR-SMS group: patients hospitalized at the acute medical unit in 2020, before the implementation of ward round notifications via text messaging
service.
bPost–WR-SMS group: patients hospitalized at the acute medical unit in 2021, after the implementation of ward round notifications via text messaging.

Effects of Real-Time Round Notification on Satisfaction
of Hospitalized Patients
After the WR-SMS implementation in 2021, the score for the
question pertaining to whether the patient had received
information about round schedules improved significantly
compared with 2020. Differences in the Likert scale for this

question are illustrated in Figure 1. The proportion of patients
who assigned a rating of 4 points (very satisfied) increased from
66% (35/53) in the pre–WR-SMS group to 92% (43/47) in the
post–WR-SMS group, while the proportion of those who
assigned a rating of 1 point (very dissatisfied) decreased from
6% (3/53) in the pre–WR-SMS group to 0% in in the
post–WR-SMS group.
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Figure 1. Changes in Likert scale scores regarding the provision of patient information on round schedules before and after the implementation of ward
round notifications via text messaging. Pre–WR-SMS group: patients hospitalized at the acute medical unit in 2020, before the implementation of ward
round notifications via text messaging service; Post–WR-SMS group: patients hospitalized at the acute medical unit in 2021, after the implementation
of ward round notifications via text messaging service.

Table 2 summarizes the responses for the “Services from
physicians” and “Medication and treatment processes” domains.
Naturally, patients in the post–WR-SMS group showed
significantly higher satisfaction about being informed about
round schedules (mean 3.43, SD 0.910 vs mean 3.89, SD 0.375;
P<.001) compared with patients in the pre–WR-SMS group.
Interestingly, patients in the post–WR-SMS group also
demonstrated significantly higher satisfaction with the emotional
support (comfort and empathy) they received during admission
(mean 3.49, SD 0.800 vs mean 3.87, SD 0.397; P<.001).

Although not statistically significant, they were also satisfied
with the description of the treatment processes (mean 3.62, SD
0.713 vs mean 3.83, SD 0.481; P=.09) and the explanations of
possible side effects during treatment (mean 3.60, SD 0.743 vs
mean 3.85, SD 0.465; P=.05). For all other questions in the
“Services from physicians” and “Medication and treatment
processes” domain, the post–WR-SMS group recorded a higher
overall score compared to the pre–WR-SMS group, although
it was not statistically significant (Multimedia Appendix 2).
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Table . Survey results on patient satisfaction before and after the implementation of ward round notification using SMS text messaging servicea.

P valuet test (df)Post–WR-SMS

groupc (n=47)

Pre–WR-SMS

groupb (n=53)

Parameter

Services from physicians

–0.93 (83.47)Courtesy and respect for patients

.654 (4-4)4 (4-4)Median (IQR)

.363.89 (0.312)3.81 (0.557)Mean (SD)

–0.47 (88.02)Careful listening to patients

.884 (4-4)4 (4-4)Median (IQR)

.643.87 (0.337)3.83 (0.545)Mean (SD)

–1.58 (94.08)Opportunities for patients to meet
their doctors

.154 (4-4)4 (3-4)Median (IQR)

.123.77 (0.476)3.58 (0.663)Mean (SD)

–3.37 (70.90)Receipt of information about round
schedules

.0024 (4-4)4 (3-4)Median (IQR)

<.0013.89 (0.375)3.43 (0.910)Mean (SD)

Medication and treatment process

–1.72 (91.73)Detailed description of treatment
processes

.074 (4-4)4 (3-4)Median (IQR)

.093.83 (0.481)3.62 (0.713)Mean (SD)

–2.02 (88.60)Easy-to-understand explanation of
potential side effects

.0454 (4-4)4 (3-4)Median (IQR)

.0473.85 (0.465)3.60 (0.743)Mean (SD)

–1.15 (61.49)Appropriate pain relief management

.234 (4-4)4 (4-4)Median (IQR)

.263.95 (0.216)3.86 (0.462)Mean (SD)

–3.08 (78.06)Comfort and sympathy regarding
illness

.0034 (4-4)4 (3-4)Median (IQR)

<.0013.87 (0.397)3.49 (0.800)Mean (SD)

.89—d42 (89.4)48 (90.6)Receipt of information on postdis-
charge care, n (%)

aValues in the first row for each item represent medians with IQRs and P values from the Mann-Whitney test. Values in the second row for each item
represent means with SDs and P values from the Student t test (2-tailed).
bPre–WR-SMS group: patients hospitalized at the acute medical unit in 2020, before the implementation of ward round notifications via text messaging
service.
cPost–WR-SMS group: patients hospitalized at the acute medical unit in 2021, after the implementation of ward round notifications via text messaging
service.
dNot applicable.

Discussion

Principal Findings
The WR-SMS implementation resulted in significant
improvement of inpatient satisfaction among patients

hospitalized in the AMU. Besides the direct improvement in
scores pertaining to the receipt of round schedule information
(mean 3.43, SD 0.910 vs mean 3.89, SD 0.375; P<.001), patients
felt more emotionally supported and involved in the care process
(mean 3.49, SD 0.800 vs mean 3.87, SD 0.397; P<.001), and
also expressed higher satisfaction with the explanations provided
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about treatment side effects (mean 3.60, SD 0.743 vs mean 3.85,
SD 0.465; P=.047). These significant findings emphasize the
value of real-time communication on both procedural and
emotional aspects of care. Our results indicate that by enabling
patients to participate more actively in routine ward rounds,
WR-SMS fosters a greater sense of involvement and satisfaction,
reaffirming the critical role of patient-centered communication
in inpatient care.

Patient-centeredness is an essential component of high-quality
health care, contributing to improved experience and clinical
outcomes [18]. It is defined by the Institute of Medicine as the
establishment of a partnership between the patient and health
care providers to ensure that the wishes, needs, and preferences
of the former are respected in the shared decision-making
process [19]. Since the early 2000s, many countries have
implemented patient-reported experience measures (such as
standardized surveys) at the national level. The data are publicly
reported, in order to assess and monitor patients’ health care
experiences and improve the quality of care [11,12]. For
example, the United States Hospital Consumer Assessment of
Healthcare Providers and Systems (HCAHPS) survey, first
implemented in 2006, measures patients’ perspectives on the
quality of care they receive during their hospital stay, with its
scores influencing hospital payment [13]. The United Kingdom
and the Netherlands also conduct national-level surveys to assess
patient satisfaction, which are used for various purposes related
to improving health care services [20,21]. Previous studies
revealed that quality improvement activities were initiated after
patient care performance data were publicly released [22], with
even hospitals that exhibited high levels of patient satisfaction
delivering higher-quality clinical care [13].

In South Korea, the Korean Patient Experience Survey has been
regularly conducted by HIRA biennially since 2017 by telephone
among patients discharged from hospitals. It was developed
based on the American HCAHPS, but further modified to suit
the Korean context and to promote improvement of current
Korean health care service quality [23]. A 2015 survey by the
Korea Institute for Health and Social Affairs revealed that 30.5%
of hospitalized patients claimed not to have been adequately
informed about ward rounds and 20.4% reported not being
included in the care process [24]. Furthermore, qualitative
research during the Korean Patient Experience Survey
development process revealed that inpatients were frequently
unsatisfied with the communication with their doctors, especially
regarding the lack of advance notice and unpredictability of
ward round times [23]. To gauge these concerns, a direct
question about whether the patient has been informed about the
ward round time was included in the official Korean Patient
Experience Survey.

Despite the increasing emphasis on patient-centeredness, patients
are often still excluded from their own care process [5,6]. The
results of the previous Korean Patient Experience Surveys (first
to third, conducted from 2017 to 2021) reveal that the scores
for the “Ensuring patients’ rights” and “Services from
physicians” domains remain lowest [9,10,25], suggesting that
communication between patients and doctors remains
unsatisfactory and patients do not feel sufficiently involved in
the care process. Among several factors influencing patient

participation and communication, such as the ward staff’s
attitude, time constraints [7], and health literacy [26], the care
environment context itself has been identified as critical [8].
Previous Korean patient surveys revealed that patients felt
dissatisfied and even frustrated by the medical staff’s impolite,
indifferent, or authoritarian attitudes and faced difficulties in
communicating with their doctors who always appeared busy,
and took issue with unpredictable and irregular round times
[23]. Particularly in acute care environments, the patients’ability
to participate is further diminished by their vulnerability, illness,
and anxiety; furthermore, even the ward atmosphere is often
disorderly and far from suitable for effective communication.
In such situations, patient involvement is notably infrequent
[6].

Patients in our AMU were mostly afflicted with complex, acute
illness and frequently in need of interventional procedures,
imaging studies, and even surgical procedures. Therefore, these
patients and their carers often missed routine ward rounds during
planned procedures or did not notice that ward rounds were
taking place. Furthermore, the acuteness of the patients’
conditions and lack of awareness about ward rounds likely led
to frustration, anxiety, and dissatisfaction of patients and their
carers toward their care. Real-time notifications provided
through the WR-SMS addressed these issues by increasing
awareness and predictability of ward rounds, which may help
mitigate the emotional burden associated with the uncertainty
of acute care. This aligns with studies suggesting that structured
and predictable communication mechanisms, such as SMS
notifications, create a more conducive environment for patient
participation in care processes. A study conducted by Redley
et al [6] at an acute inpatient ward indicated that only 18%
(20/52) of rounds involved patient participation in clinical
decisions, although even the patients who participated in rounds
indicated low preferences for participation upon arrival at the
hospital. The authors suggest that the patients’ preferences for
participation could change during the course of their hospital
stay and it is also likely that passive participation may have
been driven by limited opportunities to participate [6]. Similarly,
Walton et al [27] revealed that familiarity with the hospital
environment tended to positively affect participation in ward
rounds, with several participants highlighting the uncertainty
regarding the timing of rounds as a source of difficulty and
anxiety.

With the development of communication devices such as cellular
phones and smartphones, text messaging via SMS is increasingly
used to enhance effective communication with patients and
carers [14,17]. In our institution, the WR-SMS was developed
and introduced to inform inpatients about the start of ward
rounds in real time to improve their opportunities to participate
in them. As physicians typically review their patients’ medical
records right before they begin ward rounds, the WR-SMS was
embedded into our electronic health record system to enhance
its use instead of using a separate platform. Following its
implementation in January 2021, its utilization rate rapidly
increased with long-term promotional activities, reaching an
average of 65% in 2021. With its use, although only a
statistically insignificant increase in patients’ perceptions of
opportunities to meet their doctors was noted (possibly owing
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to the small sample size and the nature of the ward, which is
staffed by hospitalists who are primarily based within the unit),
inpatient satisfaction significantly improved with regard to
“providing information about round-time” and the “Medication
and treatment processes” domain. However, scores for other
aspects in the “Services from physicians” domain did not
improve significantly, suggesting that while real-time SMS
notifications enhance patients’ involvement and satisfaction
with specific aspects of care, they may need to be supplemented
with other interventions to address broader communication gaps.

Limitations
To our knowledge, this is the first study to investigate the effect
of real-time round notification via SMS on inpatients’
satisfaction. Nevertheless, it has some limitations. First, it was
conducted at a single referral center in South Korea. As of 2019,
the penetration rate of mobile phones in South Korea was 100%,
with smartphones accounting for 95%. Therefore, our results
may not be reproduced in other countries with lower mobile
phone penetration rates. Second, as we used information from
subjects who participated in the SNUBH patient-experience
survey, instead of conducting a new survey, the number of

patients included in this study is relatively small, precluding
further adjustments and analyses based on clinical characteristics
or comorbidities. However, the clinical setting remained constant
throughout the study period and the subjects for the SNUBH
patient-experience survey were randomly selected, which should
minimize bias. Third, since this study included only patients
capable of communication as survey respondents, it was not
possible to assess the impact of WR-SMS on caregiver
satisfaction.

Conclusion
Effective communication between physicians and patients,
particularly during inpatient ward rounds, is a crucial aspect of
inpatient care. This study proposes that real-time round
notifications delivered through a user-friendly SMS service
could improve inpatient satisfaction, likely by providing
predictability and fostering an improved perception of emotional
support. In the contemporary landscape, with personal
communication devices becoming increasingly ubiquitous, the
strategic utilization of such devices is anticipated to significantly
influence patient satisfaction.
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Abstract

Background: Rhinolaryngoscopes are one of the most widely used tools by otolaryngologists and speech-language pathologists
in current clinical practice. However, there is limited data on adverse events associated with or caused by the use of
rhinolaryngoscopes.

Objective: In this study, we used the Manufacturer and User Facility Device Experience (MAUDE) database with the aim of
providing insights that may assist otolaryngologists in better understanding the limitations of these devices and selecting appropriate
procedures for their specific clinical setting.

Methods: We characterized complications associated with the postmarket use of rhinolaryngoscope devices from the US Food
and Drug Administration MAUDE database from 2016 through 2023.

Results: A total of 2591 reports were identified, including 2534 device malfunctions, 56 injuries, and 1 death, from 2016 through
2023. The most common device problem with rhinolaryngoscopes was breakage (n=1058 reports, 40.8%), followed by fluid
leaks (n=632 reports, 24.4%). The third most common problem was poor image quality (n=467 reports, 18%). Other device issues
included contamination or device reprocessing problems (n=127 reports, 4.9%), material deformation or wear (n=125 reports,
4.8%), and device detachment (n=73 reports, 2.8%). Of the 63 reported adverse events, the most common patient-related adverse
event was hemorrhage or bleeding, accounting for 18 reports, with the root causes including material deformation or wear,
breakage, wrinkled rubber, or improper operation.

Conclusions: Our study offers valuable insights for endoscopists and manufacturers to recognize potential issues and adverse
events associated with the use of rhinolaryngoscopes. It emphasizes the need for improving device reliability, training, and
procedural protocols to enhance patient safety during diagnostic procedures.

(JMIR Hum Factors 2025;12:e67036)   doi:10.2196/67036

KEYWORDS

medical device; device malfunction; rhinolaryngoscope; adverse event; MAUDE; Manufacturer and User Facility Device
Experience

Introduction

Rhinolaryngoscopes are currently available in various forms,
including rigid, flexible, and video versions. They are essential
tools routinely used by otolaryngologists and speech-language
pathologists [1,2]. Given the substantial proportion of patients
who require a rhinolaryngoscopic procedure as part of a head
and neck examination, rhinolaryngoscopy has become an
indispensable diagnostic procedure in otolaryngological practice

[3]. Modern rhinolaryngoscopes can have a distal diameter as
small as 2 mm, are equipped with lighting, are flexible, and
have photo and video capabilities, enabling direct visualization
of the nose, throat, and airway in diverse clinical settings,
including emergency, inpatient, and outpatient scenarios. The
range of indications for rhinolaryngoscopy includes visualizing
polyps, tumors, and sources of epistaxis in the nasal cavity and
aiding in the identification of suspected tumors or adenoidal
hypertrophy [4]. In the oropharynx or laryngopharynx,
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rhinolaryngoscopy can be instrumental in evaluating foreign
bodies and potential airway obstructions from etiologies such
as neoplasm and epiglottitis, obstructive sleep apnea, dysphagia,
dysphonia, tonsillar hypertrophy, glossoptosis, laryngomalacia,
and vocal fold lesions [5,6]. Rhinolaryngoscopy may also assist
in assessing the severity of angioedema. An alternative
visualization tool is the flexible fiber-optic laryngoscope [7].
While laryngoscopes may be less expensive and simpler to use
than rhinolaryngoscopes, fiber-optic rhinolaryngoscopy provides
clearer visualization and better access to the larynx anatomy.
In general, imaging quality, including illumination, color
fidelity, resolution, and accurate length representation, plays a
pivotal role in visualizing abnormalities. Therefore, the choice
of instrument is often determined by clinician preference or
equipment capabilities [8].

Rhinolaryngoscopes are classified as a moderate-risk medical
device and require a 510(k) submission for premarket review
by the US Food and Drug Administration (FDA; regulation
number 21 CFR 874.4760). Although rhinolaryngoscopy is
considered a generally safe procedure with rare serious adverse
events, complications such as mucosal tearing, damage to
anatomic structures (particularly with rigid scopes), bleeding,
and laryngospasm have been reported [9]. However, there is
limited data regarding device failures for both rigid and flexible
rhinolaryngoscopes, incidence rates, and adverse events
associated with these devices. The FDA’s Manufacturer and
User Facility Device Experience (MAUDE) database serves as
a repository for adverse events and malfunction reports related
to medical devices, and it has been used as a data source to study
device-related adverse events [10,11]. In addition, capturing
user experiences and integrating them into the design during
medical device development has become an essential component
for ensuring patient safety and device effectiveness. In this
study, we used the MAUDE database to characterize postmarket
complications associated with the use of rhinolaryngoscope
devices from 2016 through 2023, with the aim of providing
insights that may assist otolaryngologists in better understanding
the limitations of these devices and selecting appropriate
procedures for their specific clinical setting.

Methods

Search and Selection
MAUDE, a comprehensive postmarket surveillance database
from the FDA, was chosen because of its extensive collection
of medical device reports (MDRs) from both mandatory and
voluntary reporters related to FDA-cleared medical devices
[11]. Mandatory reporters comprise manufacturers or device
user facilities, whereas voluntary reporters include physicians,
patients, or other device consumers. The MDRs from MAUDE
include device malfunctions and potential patient harms
associated with device failures during procedures. Therefore,
the event classifications used in this analysis include device
malfunctions and adverse events among patients.

The MAUDE database was queried by searching for the product
category “rhinolaryngoscope (Flexible or Rigid),” which
included MDRs from January 2016 through December 2023.
This search encompassed terms such as “rhino-laryngo

videoscope,” “rhino-laryngo fiberscope,” “telescope,” and
“single use endoscope.” Each MDR was then logged in a
Microsoft Excel spreadsheet. Among the reports, items that
may have been incorrectly classified, such as cystoscopes and
arthroscopes, were manually removed. These misclassifications
accounted for only a small portion of the reports and resulted
from errors made by the reporters. The MDRs underwent manual
review, including assessment of the date of the event, event
type (device malfunction, injury, or death), and the root causes
of the adverse event. Device failures were defined as reported
instances of rhinolaryngoscopes not functioning as expected
during a procedure.

Data Extraction
The device failure problems were classified as (1) breakage, (2)
fluid leakage, (3) poor image quality, (4) contamination, (5)
material deformation, (6) device detachment, (7) unintended
movement, (8) mechanical problems, (9) unidentified device
or use problems, (10) device overheating, (11) improper or
incorrect procedures, (12) moisture damage, (13) packing
problems, and (14) electrical shorting. To minimize potential
bias and ensure consistency in categorization, 2 reviewers (SHC
and DC) independently screened and categorized the reported
events. Adverse events among patients included all reported
complications resulting in injury, harm, or death during
procedures associated with rhinolaryngoscopes. Following the
categorization of the failure problems and adverse events,
statistical analysis was conducted. The frequency of each failure
type and adverse event was calculated, and the results were
expressed as the number and percentage of occurrences within
each category.

Additionally, to assess the context of these device failures in
clinical practice, we analyzed the US Medicare population using
Current Procedural Terminology (CPT) codes associated with
rhinolaryngoscope diagnostic procedures (excluding surgeries).
Specifically, we selected CPT codes 31231 (nasal endoscopy,
diagnostic; unilateral or bilateral), 31575 (laryngoscopy,
flexible; diagnostic), and 92511 (nasopharyngoscopy with
endoscope), which may correspond to diagnostic procedures
involving rhinolaryngoscopes. The data were accessed under
the “Research, Statistics, Data & Systems” section. The Centers
for Medicare and Medicaid Services Part B National Summary
Data File was used to obtain annual procedure data based on
CPT codes 31231, 31575, and 92511. These codes were used
to compare the number of procedure claims with the number of
device failure reports, allowing us to explore the relationship
between the frequency of rhinolaryngoscope use (as indicated
by procedure billing) and the reported failure incidents. This
comparison provide a picture of the relative incidence of device
failures in clinical practice compared to the frequency of
procedures conducted, shedding light on potential areas for
improvement in device performance or clinical training.

Ethical Considerations
This study involved querying the FDA MAUDE database and
US CPT codes. These activities did not involve direct interaction
with human subjects, nor did they involve the collection or
analysis of personal health data. Therefore, such data queries
typically do not require approval from an institutional review
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board. Publicly available databases like the FDA MAUDE and
CPT codes generally do not raise ethical concerns. We analyzed
publicly available data and did not collect personal data or
perform clinical trials, so institutional review board approval
was not required.

Results

Device-Related Problems
A total of 2591 reports were identified, including 2534 device
malfunctions, 56 injuries, and 1 death among patients from 2016
through 2023. The number of reports submitted significantly
increased in 2021, 2022, and 2023 (n=347, n=1147, and n=918

reports, respectively), constituting greater than 90% of all reports
submitted during the study period. Device malfunctions and
their incidence rates are presented in Table 1. The most common
device problem with rhinolaryngoscopes was breakage (n=1058
reports, 40.8%), followed by fluid leakage (n=632 reports,
24.4%). The third most common problem was poor image
quality (n=467 reports, 18%). Other device issues included
contamination or device reprocessing (n=127 reports, 4.9%),
material deformation or wear (n=125 reports, 4.8%), device
detachment (n=73 reports, 2.8%), and unintended movement
(n=55 reports, 2.2%), with the remaining issues each accounting
for less than 1%. Mechanical problems, device overheating,
packaging issues, and electrical shorting were relatively
infrequent problems, as summarized in Table 2.

Table . Event types reported to the US Food and Drug Administration Manufacturer and User Facility Device Experience (MAUDE) database for
rhinolaryngoscopes per year.

Malfunctions (n=2534), n (%)Injuries (n=56), n (%)Deaths (n=1), n (%)Year

918 (36.2)14 (25)0 (0)2023

1147 (45.3)7 (12.5)1 (100)2022

347 (13.7)2 (3.6)0 (0)2021

37 (1.5)10 (17.8)0 (0)2020

38 (1.5)14 (25)0 (0)2019

21 (0.8)2 (3.6)0 (0)2018

13 (0.5)5 (8.9)0 (0)2017

13 (0.5)2 (3.6)0 (0)2016

Table . Device problems reported for rhinolaryngoscopes.

Reports (n=2591), n (%)Device problems

1058 (40.8)Breakage

632 (24.4)Fluid leakage

467 (18)Poor image quality; optical distortion

127 (4.9)Contamination; device reprocessing problem

125 (4.8)Material deformation; wear

73 (2.8)Detachment of device

55 (2.2)Unintended movement

12 (0.5)Mechanical problem

11 (0.4)Unidentified device or use problem

10 (0.4)Overheating of device

6 (0.2)Improper or incorrect procedure

6 (0.2)Moisture damage

5 (0.2)Packaging problem

4 (0.2)Electrical shorting; flare or flash

We conducted a comprehensive analysis of device failures,
examining variations across specific manufacturers, including
Olympus, Storz, Pentax, and Gyrus. A high incidence of
breakage and fluid leakage reports was associated with Pentax.
In comparison, Olympus devices showed a breakage rate of
4.8% (50/1028). However, Olympus devices were also

associated with the highest frequency of contamination reports,
followed by Pentax. These higher failure rates could be linked
to the relatively larger market share of these manufacturers.
Additionally, we scrutinized the frequency of nasal endoscopies
performed in the US Medicare population using CPT codes
31231, 31575, and 92511. In 2022, a total of 1,196,520
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procedures were performed. Meanwhile, the MAUDE database
reported 1155 device failures. This results in an estimated failure
rate of approximately 1 per 1000 procedures.

Patient-Related Adverse Events
Adverse events or complications associated with device
problems were evaluated based on the MAUDE database.
Adverse events in patients in reports included all instances of
complications resulting in injury, harm, or death associated with
the use of rhinolaryngoscopes. Adverse events in patients were
categorized as (1) hemorrhage/bleeding, (2) a foreign body in
the patient, (3) burns or thermal burns, (4) discomfort or pain,
(5) anaphylactic shock, (6) edema, (7) laryngospasm and
dyspnea, (8) unspecified tissue injury, (9) allergic reaction, and
(10) death. The specified root cause of the adverse event
included material and mechanical problems, device chemical
contamination, improper operation, fluid leakage, overheating,
and display issues, among others.

The adverse events in patients and their specified root causes
are presented in Table 3. A total of 63 reported adverse events

were identified, including hemorrhage/bleeding (n=18 reports,
28%), a foreign body in the patient (n=12 reports, 19%),
discomfort/pain (n=10 reports, 16%), thermal burns (n=9 reports,
14%), anaphylactic shock (n=4 reports, 6%), edema (n=3
reports, 5%), laryngospasm and dyspnea (n=3 reports, 5%),
unspecified tissue injury (n=2 reports, 3%), allergic reaction
(n=1 report, 2%) and death (n=1 report, 2%). The most common
patient-related adverse event was hemorrhage/bleeding,
accounting for 18 reports, with the root causes including material
deformation or wear, breakage, wrinkled rubber, or improper
operation. One death was reported, with an unspecified cause.
Material breakage, material wear, and improper operation were
identified as the major root causes for the reported adverse
events. In 2019, 1 case of edema was attributed to improper
reprocessing and device contamination with chemicals. The
manufacturer’s investigation determined that the customer had
insufficiently wiped phthalaldehyde-based disinfectants off the
endoscope during reprocessing, resulting in the possibility of
anaphylactic shock. Table 4 displays the numbers of adverse
events from 2016 through 2023, including thermal burns, foreign
bodies in patients, and discomfort, reported in 2023.

Table . Adverse events in patients from rhinolaryngoscope device problems.

Events (n=63), n (%)Root causeAdverse event

18 (28)Material deformation or wear; breakage; rubber
wrinkling; improper operation

Hemorrhage/bleeding

12 (19)Detachment of device or device component;
breakage; material fragmentation; wear; improper
operation

Foreign body in patient

10 (16)Material wear; breakage; material invagination;
mechanical problems

Discomfort/pain

9 (14)Scratched material; cut or torn material; burst
battery; device overheating; use of device prob-
lem

Burns/thermal burns

4 (6)Material perforation; material cracks or holesAnaphylactic shock

3 (5)Unidentified device or use problem; allergic re-
action due to improper reprocessing and device
chemical contamination

Edema

3 (5)Display problem/poor image; unspecified issueLaryngospasm and dyspnea

2 (3)Fluid/blood leakage; material wearUnspecified tissue injury

1 (2)Reprocessing agentAllergic reaction

1 (2)Unspecified issueDeath
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Table . Number of adverse events based on year and type.

Events, n

20162017201820192020202120222023

130122000Hemor-
rhage/bleeding

15020004Foreign body
in patient

00021025Discom-
fort/pain

11101113Burns/thermal
burns

00004000Anaphylactic
shock

02010000Edema

00030000Laryngospasm
and dyspnea

00000020Unspecified
tissue injury

00000100Allergic reac-
tion

00000010Death

Discussion

Principal Findings
This study examined adverse events associated with the use of
rhinolaryngoscopes based on the MAUDE database, analyzing
2591 common device issues and 63 patient-related adverse
events from January 2016 through June 2023. Breakage
(40.83%) was the most common device issue, whereas
hemorrhage (28.57%) was the most common patient-related
adverse event, primarily attributed to material deformation or
breakage. These findings underscore the overall low occurrence
of adverse events associated with the use of rhinolaryngoscopes.
Previous studies have highlighted mucosal tearing and bleeding
as the most common complications, with laryngospasm
occurring in less than 1% of procedures [12-14]. To prevent
these complications, adequate nasal decongestion and limited
force are recommended. However, our results show that
improper operation or use problems frequently contributed as
the root cause of adverse events, including hemorrhages, foreign
bodies in patients, thermal burns, pain, and edema. Operator
experience with the device may also influence the occurrence
of adverse events. One customer reported a broken eyepiece on
a rigid scope (report number 9610773-2023-03626). Following
investigation, the manufacturer attributed the issue to wear and
tear coupled with excessive force. Similarly, another report
detailed a damaged lens at the distal end of a scope (report
number 9610773-2023-02419). Upon examination, the
manufacturer concluded that this damage stemmed from user
error, improper handling, and the application of excessive force.
Therefore, considerations of usability and ergonomics are
imperative to enhance patient care [15-17].

Despite gathering 125 reports of material wear from the
MAUDE database, which accounted for one-ninth of the total

breakage reports, it is noteworthy that the majority of the
reported failures were not attributed to routine wear and tear,
as determined by the manufacturer’s investigation. This
observation underscores the importance of scrutinizing reported
failures to distinguish between typical wear-related issues and
potentially more serious underlying concerns. It is evident that
device failures may arise from various root causes beyond
routine wear and tear, which manufacturers may not consistently
highlight in their manuals. For instance, in the manual for the
TJF-Q180V (Olympus) endoscope, there is an acknowledgment
that repeated use and reprocessing of the endoscope and its
accessories can lead to gradual wear and tear. This underscores
the importance of thorough understanding of and adherence to
manufacturer instructions, as well as recognizing potential
factors contributing to device failures, beyond typical
wear-related issues.

Moreover, it was observed that many cases of device failure
could be linked to improper reprocessing practices. In this study,
127 device failures caused by rhinolaryngoscope contamination
were reported. Although manufacturers provide
recommendations for product use and reprocessing, Biadsee et
al [18] reported that less than 20% of physicians adhere to the
recommended decontamination process outlined by
manufacturers. Another study, from Jiang et al [19], of
rhinolaryngoscope device failure due to contamination using
the MAUDE database from 2013 to 2019 revealed associations
with laryngeal edema, rather than infection, highlighting 1 injury
resulting from improper reprocessing procedures (insufficient
disinfectant removal from the endoscope). Anaphylaxis resulting
from the use of phthalaldehyde-based disinfectants has been
reported in cases involving the cleaning of rhinolaryngoscopes
and cystoscopes [20,21]. In this case (report number
9610877-2019-00238), the risk of injury from microbial
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infection may be less than the potential harm caused by the
disinfectant solution itself. In response to this incident, 5
members of the otolaryngology department were identified and
retrained as the personnel at the hospital did not properly
reprocess the endoscope. Regarding the compatibility of
disinfectants, the manufacturer of the endoscope recommends
that facilities adhere strictly to the instructions provided by the
disinfectant manufacturer, including specific parameters such
as concentration, temperature, and exposure time. Furthermore,
it is crucial to ensure thorough rinsing of internal channels,
external endoscope surfaces, and components with clean water
to remove any residual detergent solution, thereby minimizing
the risk of adverse reactions or complications associated with
disinfectant use. Our results identified 1 allergic adverse event
associated with a reprocessing agent, and 3 cases of edema due
to improper reprocessing or device use, confirming previous
literature regarding rhinolaryngoscope contamination [22,23].
Compared to other endoscope types, such as bronchoscopes
and duodenoscopes, the contamination rate of
rhinolaryngoscopes is less commonly associated with patient
harm or death [18]. This indicates a comparatively lower risk
associated with rhinolaryngoscopes in contrast to other
endoscopic examinations.

This study reviewed the MAUDE database and identified 9
cases of thermal burns in patients who underwent
rhinolaryngoscope examinations over 8 years. Scope overheating
was reported as a root cause, likely because of prolonged
procedure times with the light source on or the brightness setting
of the lamp. Several studies assessed the heat effects of
endoscopes in otorhinolaryngology and recommended keeping
light sources at the lowest effective intensity [24-26]. MacKeith
et al [27] evaluated the amount of heat produced by endoscopes
and showed that larger-diameter endoscopes attain a higher
temperature. Chitnavis [28] demonstrated that even momentary
proximity could cause a thermal burn to a patient’s skin, without
generating smoke or fire. The risk of thermal injury may be
associated with the light source, endoscope caliber, and
angulation [25,27,29,30]. Consequently, available cameras are
often equipped with a regulation system capable of automatic
gain control in poor lighting situations [31].

Furthermore, it is noteworthy that the number of MDRs
underwent a significant surge in 2021, 2022, and 2023, with
347, 1147, and 918 reports, respectively. This notable increase
underscores the importance of continued vigilance and thorough
investigation into the factors driving these trends to ensure the
safety and efficacy of medical devices. The growth in frequency
can be attributed to several major factors, including the increased
prevalence of laryngeal diseases, heightened use of
laryngoscopes in airway management, guideline
recommendations, elevated demand for respiratory products,
and the impact of the COVID-19 pandemic. However, there
was no significant rise in the number of nasal endoscopies
performed in the US Medicare population with CPT codes
31231, 31575, and 92511 from 2016 to 2022. Another plausible
explanation for the increased MDRs could stem from new
product launches and strategic activities by manufacturers,
which have had a moderate impact on the laryngoscope market,
influencing the growth in the frequency of MDRs.

The statistical analysis conducted using the FDA’s MAUDE
database carries significant implications for clinical practice.
These data not only help identify trends and patterns in device
failures but also provide critical safety information for clinical
health care. By analyzing the MAUDE data, we can identify
failure types and frequencies associated with specific devices,
such as rhinolaryngoscopes, thereby understanding their
potential impact on patient safety. The data reveal the sources
of device failures, including variations across manufacturers
and models, which can aid clinical decision-makers in selecting
devices based on more informed criteria. Furthermore, by
examining the time trends of device failures in the MAUDE
database, we can correlate these trends with medical policies
or other external factors. This trend analysis can assist health
care institutions in adjusting operational processes and training
programs to address the growing issue of device failures,
especially during times of infectious disease outbreaks or when
new devices are introduced. The data derived provide empirical
evidence that can help in developing more effective clinical
guidelines and training plans, ultimately contributing to
improved quality of health care services [32]. These findings
highlight the importance of timely adjustments to clinical
operational processes and training programs to address the
growing issue of device failures and provide guidance for future
device improvements and clinical recommendations.

Limitations
A major limitation of this study is its reliance on reports from
the FDA’s MAUDE database, which may not account for
comorbidities involved in reported device failures. Furthermore,
the information may be incomplete or limited because MDRs
can be submitted by health care professionals, patients, or
manufacturers. Reporting variations between private-practice
clinics and large academic medical centers may also affect data
accuracy and which brands are used. Therefore, establishing
causative associations for some reported adverse events is
challenging. However, it is important to note that manufacturers
are required to investigate reported adverse events and device
failures, and their findings or follow-up reports are included in
the MAUDE database. The manufacturer reports help to mitigate
potential bias arising from self-reported data. Since the MAUDE
database primarily focuses on device-related issues, we
recognize the possibility of underreporting or inconsistent
reporting practices. Nonetheless, the inclusion of both
user-reported and manufacturer-investigated information adds
a level of rigor to the analysis, allowing for a more nuanced
understanding of the issues related to device failures. Despite
these limitations, our study provides important insights for
endoscopists and manufacturers to recognize potential issues
and adverse events associated with the use of
rhinolaryngoscopes, emphasizing the importance of patient
safety.

Conclusions
Although our findings underscore the overall low occurrence
of adverse events associated with the use of rhinolaryngoscopes,
the results indicate that improper operation frequently
contributed to adverse events, including hemorrhage, foreign
bodies in patients, thermal burns, pain, and edema. Operator
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experience with the device may also influence the occurrence
of adverse events. Results from this study will be important for
endoscopists and manufacturers to have a thorough
understanding of the equipment and its limitations. Future

research should assess the broader organizational impact,
including otolaryngology teams, documentation practices,
clinician training, and patient perspectives.
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Abstract

Background: The Swedish health care system is undergoing a transformation. eHealth technologies are increasingly being
used. The System Usability Scale is a widely used tool, offering a standardized and reliable measure for assessing the usability
of digital health solutions. However, despite the existence of several translations of the System Usability Scale into Swedish,
none have undergone psychometric validation. This highlights the urgent need for a validated and standardized Swedish version
of the System Usability Scale to ensure accurate and reliable usability evaluations.

Objective: The aim of the study was to translate and psychometrically evaluate a Swedish version of the System Usability
Scale.

Methods: The study utilized a 2-phase design. The first phase translated the System Usability Scale into Swedish and the second
phase tested the scale’s psychometric properties. A total of 62 participants generated a total of 82 measurements. Descriptive
statistics were used to visualize participants’ characteristics. The psychometric evaluation consisted of data quality, scaling
assumptions, and acceptability. Construct validity was evaluated by convergent validity, and reliability was evaluated by internal
consistency.

Results: The Swedish version of the System Usability Scale demonstrated high conformity with the original version. The scale
showed high internal consistency with a Cronbach α of .852 and corrected item-total correlations ranging from 0.454 to 0.731.
The construct validity was supported by a significant positive correlation between the System Usability Scale and domain 5 of
the eHealth Literacy Questionnaire (P=.001).

Conclusions: The Swedish version of the System Usability Scale demonstrated satisfactory psychometric properties. It can be
recommended for use in a Swedish context. The positive correlation with domain 5 of the eHealth Literacy Questionnaire further
supports the construct validity of the Swedish version of the System Usability Scale, affirming its suitability for evaluating digital
health solutions. Additional tests of the Swedish version of the System Usability Scale, for example, in the evaluation of more
complex eHealth technology, would further validate the scale.

Trial Registration: ClinicalTrials.gov NCT04150120; https://clinicaltrials.gov/study/NCT04150120

(JMIR Hum Factors 2025;12:e64210)   doi:10.2196/64210
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application; Swedish; System Usability Scale; usability; validation

Introduction

In the rapidly evolving landscape of global health care, the
advent of eHealth technologies has emerged as a transformative
force that promises innovative solutions to the multifaceted
challenges faced by health care systems worldwide [1,2]. The
Swedish health care system is currently transforming along
these lines. The use of digital applications and other digital
contact methods, collectively described under the term eHealth,
is increasing. The World Health Organization (WHO) defines

eHealth as “the use of information and communication
technologies (ICT) for health.” These technologies include a
wide range of systems interventions, applications, and devices
such as mobile health and telehealth [3]. There is compelling
evidence for the increasing influence of eHealth on the provision
of health care globally today and how it is enhancing the
efficiency and responsiveness of health systems to meet people’s
needs and expectations [3]. It is essential to ensure that health
technologies are designed appropriately to meet the needs of
end users before deploying them as health interventions [4].

JMIR Hum Factors 2025 | vol. 12 | e64210 | p.283https://humanfactors.jmir.org/2025/1/e64210
(page number not for citation purposes)

Åvik Persson et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.2196/64210
http://www.w3.org/Style/XSL
http://www.renderx.com/


Employing robust evaluation methods to ensure high-level
usability has been recognized as a crucial component of good
practice for achieving this goal [5].

Usability is defined as “the extent to which a product can be
used by specified users to achieve specified goals with
effectiveness, efficiency, and satisfaction in a specified context
of use” [6]. To determine the potential usability of a digital
solution, the System Usability Scale (SUS) has been widely
adopted as a standardized evaluative device. In 1996, Brooke
[7] published the SUS as an instrument that could easily measure
usability. Since then, it has been used to evaluate computer
systems, applications, and other digital solutions in a wide range
of areas [8-10]. The SUS is a questionnaire, consisting of 10
items each scored on a 5-point Likert scale from “strongly
disagree” to “strongly agree.” It is easy to administer and has
been shown to generate results with good reliability and validity
[7,8,11]. The instrument is free, and no fees are required to use
it [7]. With an international reach, it is the most widely used
standardized questionnaire for the assessment of perceived
usability today [10]. The SUS can be used to evaluate a wide
range of usability in products, including digital applications,
mobile devices, and web pages [8-10].

However, as psychometric properties are sample dependent, it
is essential to evaluate the psychometric properties when using
patient-reported outcome measure in new settings or populations
[12]. The SUS has been translated into numerous languages
such as Chinese [13], Finnish [14], French [15], Hindi [15],
Indonesian [16], and Polish [17]. It has undergone psychometric
validation [18], including in Arabic [19], Danish [20], Dutch
[21], German [22], Italian [23], Malay [24], Persian [25],
Portuguese [26], Slovene [27], and Spanish [28]. The
psychometric properties that have resulted from these studies
show that adapted versions of the SUS are a reliable tool for
usability assessments. However, a number of these studies
adopted a general focus and examined only the total sum in the
test. Only a small number of studies have tested the instrument
at an item level [19-28], with none of them in Swedish. This
emphasizes the need for a comprehensive testing of a Swedish
version of the SUS on an item level. Determining the robustness
is critical for ensuring that the measurement instrument has
sufficient validity in the proposed context.

Lewis [10] outlines the essential requirements for translating
the SUS into multiple languages and conducting validations
across diverse countries. In Sweden, one translation of the SUS
has been published in a scientific journal [29], although several
unpublished versions exist [9]. However, the linguistic
discrepancies between these translations give room for
ambiguities, and a united translation with a rigorous
psychometric testing in a Swedish context is warranted.

In 2016, an initial vision was for Sweden to be “the best in the
world” in eHealth by 2025. However, a more realistic view
today is that Sweden has made significant progress in this area.
Within the European context, Sweden demonstrates a distinct
approach to digitalization in health care, emphasizing
collaboration and innovation to address specific challenges and
opportunities [30].

With this in mind, there is a great need for a nationally united
SUS that has been rigorously tested and proven effective. A
robust process of evaluating the psychometric properties of a
Swedish SUS will foster participatory usability research and
ultimately improve the quality of health care services on a
broader scale. Although there are different Swedish translations
of the SUS, there is still a lack of psychometric testing showing
their robustness. Before any Swedish SUS can be recommended
for use, both translation and psychometric evaluation of the
instrument are necessary. Therefore, the aim of this study was
to translate and psychometrically evaluate a Swedish version
of the SUS.

Methods

Overview
This study consists of 2 steps. In step 1, the SUS was translated
and adapted into Swedish. In step 2, the psychometric properties
of the Swedish version were tested: data quality, scaling
assumptions, acceptability, convergent validity, and internal
consistency. The translation, adaptation process, and
psychometric evaluation adhered to the COSMIN
(Consensus-Based Standards for the Selection of Health Status
Measurement Instruments) checklist [31].

The SUS Instrument
The SUS instrument consists of 10 items (statements). The items
are divided equally into positively and negatively worded
statements. Requests for a response are graded on a scale of
agreement ranging from strongly disagree (1) to strongly agree
(5). The score is calculated as follows: for positively worded
items (1, 3, 5, 7, and 9), the score is the position on the scale
(1-5) minus 1, and for negatively worded items (2, 4, 6, 8, and
10), the score is the position on the scale minus 5. Individual
item scores, therefore, can range from 0‐4. The sum of all 10
scores is then multiplied by 2.5, resulting in a total score ranging
from 0‐100, with higher numbers representing greater usability
[7,8].

To date, factor analysis has not been able to show conclusively
whether the SUS consists of one factor (usability) or two
(usability and learnability) [11]. Efforts to replicate these
findings have led to the conclusion that addressing the
instrument as 2 dimensional has no practical or theoretical
interest. This study, therefore, treats the SUS as a
unidimensional instrument of perceived usability [32].

Translation and Adaption
According to Brooke’s [7] original formulation of the SUS, no
formal permission is needed for translation, and it can be used
free of charge. Further, Brooke [7] allows for the possibility to,
in any version, exchange the wording of the scale to a word or
expression suitable for the situation. The translation process
adopted in this study was inspired by Beaton et al [33]. First,
the original instrument was translated from English to Swedish
by one of the researchers (CC), proceeding from the versions
presented by Bangor et al [34] and Lewis [10]. During the
process, perceived difficulties and uncertainties were noted.
This first version was then reviewed and discussed by the group,
consisting of researchers familiar with eHealth, until consensus
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was reached. Second, an authorized translator, naive to the
research field, carried out a back translation on the instrument
and the notes taken during the research process. Finally, the
research group reviewed all versions of the translation, with all
notes attached, and finalized a second version of a Swedish
SUS. This version was then compared to other SUS translations
within the Scandinavian countries for content validity and the
original version for expressions and conceptions that could have
been culturally influenced. Following this last step, the group
then decided upon a final version by consensus. The response
options were structured in the same way as the original
questionnaire, although the phrases “strongly disagree” and
“strongly agree” were exchanged for the Swedish equivalents
of “totally disagree” and “totally agree.”

Psychometric Evaluation

Sample
The evaluation of the psychometric properties was carried out
in conjunction with a larger intervention study evaluating
eHealth, the eChildHealth tablet study [35]. Parents of children
with a range of illnesses and health conditions who were patients
in the pediatric department of a level-3 hospital in the south of
Sweden were invited to take part. A total of 66 parents to 52
unique children gave informed consent and were included in
the eChildHealth tablet study. Of these parents, 62 provided
information on the SUS, resulting in a total of 82 measurements.

Data Collection
Parents were introduced to an app on a tablet computer through
which they could communicate with health care staff after their
child had been discharged from hospital. The app made it
possible to continue to communicate with hospital staff whom
the parents knew well, through chat messages, sending photos,
video calls, and predesigned questionnaires. Using a
questionnaire, data on various aspects of eHealth were collected
for each parent. The SUS was one aspect, and the eHealth
Literacy Questionnaire (eHLQ) [36] was another. A
study-specific questionnaire was used to collect demographic
data such as age and level of education. Between October 2022
and October 2023, the 66 parents were included in study. Data
were collected after 1‐2 weeks of use and at a second time
point for those participants who used a tablet for more than 1
month. These parents constitute the eligible participants for this
study. A sufficient adequate sample size of approximately 80
measurements was based on recommendations from COSMIN
[31] and Beaton et al [33].

Data Analysis
The psychometric properties of the SUS were analyzed with
IBM SPSS Statistics for Windows (version 28.0, IBM Corp).
Descriptive statistics (mean, SD, and percentage) were used to
visualize participants’ characteristics along with data quality,
scaling assumptions, and acceptability. Construct validity was
evaluated by convergent validity, and reliability was evaluated
by internal consistency.

For data quality, use within the clinical setting was determined
by item nonresponse and missing scale scores, as they reflect
the acceptance and understanding of a measure [37]. Data

quality was determined as high if the percentage of missing data
per item was low (<10% acceptable). In this study, there were
missing data in 5 items (ranging from 1/81, 1% to 3/81, 4%),
representing high data quality. Participants with more than 3
unanswered questions were excluded (n=1), while mean
imputation was carried out for those with 1 or 2 missing items
(n=6, all missing 1 item) [38]. This resulted in a total of 81
measurements being included in the final analysis.

Regarding scaling assumptions, the dimensionality of the SUS
has been evaluated previously [32]. In accordance with these
studies, this study assumes that the SUS is to be treated as
unidimensional (all items measure the same construct).
Instruments composed of Likert-scale items can be summarized
if they have similar means and SDs. Furthermore, item-total
correlations (the correlation between each individual item score
and the total score) would indicate if all items contribute equally
to the total score. In line with Hobart et al [37], item-total
correlations with values of r≥0.3 were regarded as sufficient
for summing up the items to a total sum score.

To evaluate the acceptability of score distributions, ceiling and
floor effects along with skewness were calculated. Ceiling and
floor effects were regarded as present if they exceeded 90%,
that is, the percentage of responses for the lowest and highest
scores. Skewness statistics should preferably be within the range
of −1 to +1 [37].

Construct validity was explored through convergent validity.
It was evaluated with the correlation between the high total sum
of the SUS and one of the domains of the eHLQ [36], with the
hypothesis that it would correlate with the total score of the
SUS. Both instruments were distributed to the parents at the
same time points. The eHLQ has already been translated,
adapted, and validated within a Swedish context [39]. The eHLQ
consists of 7 domains across 35 items, with each domain being
extractable and treatable as a separate scale. Responses to each
domain on the eHLQ are recorded on a Likert scale from 1
(strongly disagree) to 4 (strongly agree). The eHLQ was
designed to be used to understand and evaluate people’s
interaction with digital health services [36,39]. The research
group independently reviewed the eHLQ and, after discussion,
decided to use domain 5, measuring the motivation to engage
with digital services. The correlation between the instruments
was assessed using the nonparametric correlation coefficient of
Kendall Tau-b. With regard to the comparative instrument not
being used in total (only 1 domain), the correlation was regarded
as acceptable if it was moderate or greater (>0.3) [40] and with
the level of significance being P<.05.

Internal consistency—how items are related to each other—was
explored according to the indicators recommended by Hobart
et al [37]: corrected item-total correlations and Cronbach α.
The cutoffs were >.04 for acceptable corrected item-total
correlations and >.8 for Cronbach α [37,41]. The internal
consistency was completed with an SEM to analyze the
measurement error of the instrument. The SEM represents the
smallest difference in scores and indicates a change on a group
level. SEM was analyzed with SDbaseline × √1 – reliability and
complemented with a CI 95% [12].

JMIR Hum Factors 2025 | vol. 12 | e64210 | p.285https://humanfactors.jmir.org/2025/1/e64210
(page number not for citation purposes)

Åvik Persson et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Ethical Considerations
This study was conducted in accordance with the Declaration
of Helsinki [42] and approved by the Swedish Ethical Review
Authority (2021‐05077). The invited parents were recruited
through gatekeepers at the pediatric department. Information
regarding the study was initially provided orally and then
followed up by written information, before written informed
consent was obtained by a study nurse. Data were handled
confidentially, and participating parents were able to quit
without any explanation or impact on the care their children
received. Participation in the study was voluntary, and no
financial or other form of compensation was provided to the
participants.

Results

Translation and Adaption
Both translations (forward and backward) were similar and did
not differ substantially. Overall, the conformity of phrasing was
high, with some discrepancy for phrasing in statements 2 (I
found the system unnecessarily complex) and 8 (I found the
system very cumbersome to use). In statement 2, the word
“complicated” was suggested in the back translation from the
Swedish word “komplex.” In statement 8, the word “awkward”
was suggested instead of the original word “cumbersome.”

All such discrepancies were discussed within the research group
and a consensus was reached for the final version. The final
step, comparing the Swedish version to other Scandinavian
versions, generated no further changes. Table 1 shows the
original English version and the final Swedish version of the
SUS.

Table . Original English version [7] and the proposed Swedish version of the System Usability Scale, including (1) response alternatives and (2)
statements.

Swedish versionEnglish versionComponent

Response alternatives •• 1 - Instämmer inte alls1 - Strongly disagree
• •2 2

•• 33
• •4 4

•• 5 - Instämmer helt5 - Strongly agree

Statements 1.1. Jag tror att jag skulle vilja använda denna
applikation ofta

I think that I would like to use this system
frequently

2.2. Jag uppfattar denna applikation som onödigt
komplex

I found the system unnecessarily complex
3. I thought the system was easy to use

3.4. Jag tycker att denna applikation är enkel att
använda

I think that I would need the support of a
technical person to be able to use this sys-
tem 4. Jag tror att jag skulle behöva stöd för att

kunna använda denna applikation5. I found the various functions in this system
were well integrated 5. Jag upplever att de olika funktionerna i

denna applikation var väl integrerade6. I thought that there was too much inconsis-
tency in this system 6. Jag tycker att applikationen är inkonsekvent

7. 7.I would imagine that most people would
learn to use this system very quickly

Jag föreställer mig att de flesta personer
skulle lära sig att använda denna applikation
väldigt snabbt8. I found the system very cumbersome to use

8.9. Jag upplever denna applikation som krång-
lig

I felt very confident using the system
10. I needed to learn a lot of things before I

could get going with this system 9. Jag känner mig trygg med att använda denna
applikation

10. Jag behövde lära mig många saker innan
jag kunde komma igång med denna applika-
tion

aIn this study, the Swedish instruction was as follows: "Markera det alternativ som bäst beskriver din reaktion för applikation i surfplatta idag," meaning
“Please indicate your agreement with the following statements, one at a time.”

Psychometric Evaluation of the Swedish Translation
A total of 62 individuals were included in this study. Of these,
20 answered the questionnaire, including the SUS, twice. This

resulted in a total of 81 measurements included in the analysis.
Demographic data for the participants are shown in Table 2.
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Table . Demographic data of participants included in the study (N=62).

ValuesDemographic data

33 (22‐52)Age (years), median (range)

Gender, n (%)

41 (66)        Female

20 (32)        Male

1 (2)        Unknown

Marital status, n (%)

33 (53)        Married

28 (45)        Living together

1 (2)        Divorced or separated

Education level, n (%)

18 (29)        High school

42 (68)        College or university

2 (3)        Other

Born in Sweden, n (%)

52 (84)        Yes

6 (10)        No

4 (6)        Unknown

First language

56 (90)        Swedish

6 (10)        Other

Data Quality
The percentage of missing data per item was low (ranging from
0/81, 0% to 3/81, 4%) across all items. A tendency could be

seen for a higher percentage within the 3 highest steps of the
scale, resulting in 5 items having 0% in the lowest points of the
5-point scale (Table 3).

Table . Missing data (n and %) and item frequency distribution (%) of answers per response alternative in each question of the Swedish System Usability
Scale (n=81). The item “0” equals the response of “1” on the scale, etc.

Item frequency distribution, n (%)Missing data, n (%)Item

43210

19 (23)36 (44)21 (26)5 (6)1 (1)0 (0)1

52 (63)9 (11)16 (20)4 (5)0 (0)1 (1)2

47 (58)24 (29)10 (12)0 (0)1 (1)0 (0)3

58 (71)16 (20)6 (7)0 (0)0 (0)2 (2)4

25 (31)32 (39)21(26)2 (2)2 (2)0 (0)5

40 (49)13 (16)21 (25)3 (4)2 (2)3 (4)6

42 (51)34 (42)4 (5)1 (1)0 (0)1 (1)7

63 (77)10 (13)5 (6)1(1)1 (1)2 (2)8

48 (59)28 (34)6 (7)0 (0)0 (0)0 (0)9

63 (77)14 (17)4 (5)1 (1)0 (0)0 (0)10

Scaling Assumptions
Item means ranged from 2.82 to 3.70 (Table 4). The item-total
correlations showed that each item contributed substantially to

the total score with correlations ranging from 0.454 to 0.731
(Table 5), thus indicating that the scale can be summarized. The
total sum for the SUS in the data ranged between 50 and 100
(mean 84, SD 13).
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Table . Item descriptive statistics for the Swedish version of the System Usability Scale (n=81).

SkewnessScore, mean (SD)Item

−.5502.82 (0.904)1

−1.0943.35 (0.964)2

−1.4903.41 (0.800)3

−1.5853.65 (0.618)4

−.7662.93 (0.940)5

−.8763.09 (1.076)6

−1.0383.44 (0.652)7

−2.6823.66 (0.762)8

−.9433.51 (0.633)9

−2.2033.70 (0.622)10

Table . Item-total statistics for the Swedish version of the System Usability Scale (n=81).

Cronbach α if item deletedCorrected item-total correlationsScale mean if item deletedItem

.8470.46330.801

.8200.73130.302

.8400.53430.223

.8330.65730.004

.8470.47930.725

.8520.46330.576

.8460.45430.217

.8270.68729.998

.8310.67530.129

.8370.58529.9610

Acceptability
As indicated by the item mean score (range 2.82-3.70; Table 4)
and item-frequency distribution (Table 3), the instrument
showed acceptability. For 3 items (4, 8, and 10), the item
frequency was above 70%, which is still within the acceptable
range for the absence of a ceiling effect. Skewness statistics
were below or near the acceptable range of −1 for a total of 7
items, thus indicating that the distribution was excessively
skewed (Table 4).

Convergent Validity
Convergent validity was evaluated with the correlation between
the total sum of the SUS and the total sum of domain 5 in the
eHLQ. As expected, there was a positive correlation between
the total score of the instruments (correlation coefficient 0.305),
which was significant (P=.001) and supported the construct
validity of the Swedish version of the SUS.

Internal Consistency and Measurement Error
Cronbach α for the scale was .852. Corrected item-total
correlations were between 0.454 and 0.731, as shown in Table
5, indicating internal consistency for the different items. For all
items except item 6 (I thought there was too much inconsistency
in this system), the α value if the item deleted was lower than

the Cronbach α for the scale. The SEM was 5.05 (95% CI –4.84
to 14.954) points for the Swedish version of the SUS.

Discussion

Principal Findings
This study presents a new Swedish version of the SUS that is
psychometrically tested. This study seeks to establish the new
Swedish version of the SUS as a reliable and valid instrument
for assessing system usability. Overall, the psychometric testing
showed high data quality, good scaling assumptions, high
internal consistency, and fair convergent validity. Together,
these analyses support the validity and reliability of the new
Swedish version of the SUS.

The translation process of the new Swedish version of the SUS
was executed incrementally, both within and outside the research
team, involving an authorized translator who conducted a back
translation. This method facilitated thorough scrutiny and
comparison of the translation from multiple perspectives. The
approach also helped reduce the risk of bias and improved the
scale’s validity by incorporating multiple viewpoints [43].

The psychometric testing regarding internal consistency showed
that the Cronbach α values were satisfactory and that all items
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contributed to the instrument’s total score. This indicates that
the Swedish translation of the SUS is a stable instrument to use
in a Swedish context.

Convergent validity showed fair correlation between the SUS
and domain 5 of the eHLQ, which measured the motivation to
engage with digital services (I find that digital technology
support me in taking care of my health). This supported our
hypothesis that a generally positive attitude toward digital
solutions would correlate with a high usability score. This
hypothesis is also in line with previous research, which shows
that positive expectations directed toward a product generate
positive subjective usability ratings [14].

There was an indication of a ceiling effect for 3 items on the
Swedish version of the SUS (items 4, 8, and 10). They presented
above 70% in item frequency distribution and a high mean total
score, which is in line with studies indicating a generally high
score for the SUS [10]. Previous studies have also shown ceiling
effects of the SUS but only for the total score [15,44], thus the
responses on the different items can not be justly compared
between studies. This study, however, explores the SUS in much
more detail and in line with recommended psychometric
evaluations, as it explores the psychometric properties for each
item separately [12,37]. Further, the distribution was excessively
skewed. This could be an expected result of the nonnormal
distribution, since negatively skewed variables are assumed to
have a ceiling effect [37,45]. Also, the robustness of skewed
distribution as the sole indicator of ceiling effect has been
questioned [45].

However, based on the skewness result of the items, the question
arises as to whether the range of the response options is wide
enough (5-point scale) and if the wording in the response options
(“strongly disagree” to “strongly agree”) is a sufficient
description. It could be interesting to expand the number of
response options but, arguably, there could be obstacles with
revising such a widely used and widespread instrument.

Regarding the high mean scores for both the total sum and the
items of the SUS, it should be noted that the population had a
mean age of 33 years and are, therefore, used to digital solutions.
This could have influenced their experience of the app.
Therefore, the high item scores of the SUS could also indicate
a product that is perceived to have usability for this group. A
recommendation for future studies would be to test the
instrument in other contexts and with different age groups. This
app was designed to support users who were in exactly the same
situation as the participants in this study: parents in a specific
situation. Going home with a child after hospitalization can be
stressful; the parents in this study reported this eHealth solution
as supportive [46]. The SUS has previously been tested for its
sensitivity in different digital solutions and has shown a high
scoring (ceiling effect) within the best-of-class products [44].

The Swedish government has envisioned Sweden as a leading
country of eHealth in the near future. It has declared the need
for individual users to act as the cocreators of such solutions
[30]. Within eHealth, there has already been a call for a
participatory design to increase the equality of access to digital
solutions [47]. Even though digital technology and eHealth are
intended to enhance access to health care, for example, despite

geographical distances. It may also result in the opposite, as
people have different knowledge in using digital solutions. For
example, younger people tend to use and access digital solutions
differently than older people, which is why solutions should be
adapted to the intended end users [48]. In this study, the
population was younger, as previously discussed, which could
have influenced the result. To have a project design of cocreation
often means that end users are involved from the start of the
project as collaborators. Coproduction, on the other hand, often
involves the end users during the implementation phase [49].
Arguably, the end users are invaluable in all steps of the process,
and the usability of products needs to be evaluated where
instruments such as the SUS can be useful [50]. This study could
therefore be regarded as enhancing the possible participation
of end users in the future development of digital solutions and
eHealth in a Swedish context.

In conclusion, this study indicates that this developed and
psychometrically tested Swedish version of the SUS can be
recommended for use within the Swedish adult context.

Limitations
There are some methodological challenges in this study. First,
the sample could be regarded as small (N=62), although it was
sufficient according to the recommendations [31,33]. A larger
sample might enable different methods of analysis, such as
Rasch analysis, which might offer deeper psychometric insights.

Second, the 1-year interval for data collection could be
considered long in a rapidly changing world. This length of
time could influence how the app was perceived. That said, the
digital product was not changed to any great extent during this
period, so the perception of usability should not have been
influenced to any great extent. Additional data collection was
carried out after COVID-19 restrictions were essentially
withdrawn in Sweden. There is, however, always the possibility
of perceptions fluctuating, as the product could be used in
various ways according to the circumstances of the parents.

Third, there was an intention to pursue a data quality test for
reproducibility as some of the participants answered the SUS
twice. Regrettably, the test-retest sample (n=20) was regarded
as too small in this study, and such analyses need to be
considered in future studies. In addition, the use of imputation
can be discussed. There was a low number of missing data, with
a noncomplete frequency of only 9 responses in total. The
percentage of missing data per item was also low across all
items. This resulted in only 6 imputed scores across the items,
and based on mean score for the item, this was regarded as not
influencing the result noticeably.

Conclusions
This study presents a new Swedish version of the SUS. It is the
first study to carry out a psychometric evaluation of a Swedish
SUS, to establish the Swedish version of the SUS as a reliable
and valid instrument for assessing system usability. Overall,
the psychometric testing showed high data quality, good scaling
assumptions, high internal consistency, and fair convergent
validity, all of which support the validity and reliability of the
new Swedish version. The results from this study are promising.
They raise the possibility that the Swedish version of the SUS
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could be used to evaluate digital health solutions. To further
strengthen the usability of the scale, we suggest additional
analysis on data that evaluate more complex eHealth technology

and include a wider participant age group, both younger and
older.
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Abstract

Background: Evaluating digital health service delivery in primary health care requires a validated questionnaire to
comprehensively assess users’ ability to implement tasks customized to the program’s needs.

Objective: This study aimed to develop, test the reliability of, and validate the Tele-Primary Care Oral Health Clinical Information
System (TPC-OHCIS) questionnaire for evaluating the implementation of maternal and child digital health information systems.

Methods: A cross-sectional study was conducted in 2 phases. The first phase focused on content item development and was
validated by a group of 10 experts using the content validity index. The second phase was to assess its psychometric testing for
reliability and validity.

Results: A structured questionnaire of 65 items was constructed to assess the TPC-OHCIS delivery for primary health care use
based on literature and has been validated by 10 experts, and 319 respondents answered the 65-item TPC-OHCIS questionnaire,
with mean item scores ranging from 1.99 (SD 0.67) to 2.85 (SD 1.019). The content validity, reliability, and face validity showed
a scale-level content validity index of 0.90, scale-level content validation ratio of 0.90, and item-level face validity index of 0.76,
respectively. The internal reliability was calculated as a Cronbach α value of 0.90, with an intraclass correlation coefficient of
0.91. Scales were determined by the scree plot with eigenvalues >1, and 13 subscales were identified based on principal component
analysis. The Kaiser-Meyer-Olkin value was 0.90 (P<.049). The total variance explained was 76.07%, and factor loading scores
for all variables were >0.7. The Bartlett test of sphericity, determining construct validity, was found to be significant (P<.049).

Conclusions: The TPC-OHCIS questionnaire is valid to be used at the primary health care level to evaluate the TPC-OHCIS
implementation. It can assess health care workers’ work performance and job acceptance and improve the quality of care.

(JMIR Hum Factors 2025;12:e53630)   doi:10.2196/53630
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Introduction

Background
Digital health is mostly used interchangeably with eHealth,
telehealth, or mobile health in the literature [1,2]. It requires
integrated and interdisciplinary sector involvement to use

knowledge information and communication technology in health
(eg, medicine, public health, pharmaceutical, dentistry, and
health management) [1-8]. It enables the national health system
to ensure population access to health services and the ability to
monitor and evaluate health system delivery performance
[1,2,9]. Electronic health records are created from digital health
systems for case management monitoring and can be shared
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across health care settings [9]. The data sharing platform allows
access to integration interfaces that include electronic medical
records, appointments, electronic prescriptions, e-commerce,
public health surveillance, system monitoring such as
vaccination, environmental health, institutional health
management, and an online platform for teaching and learning
among health care workers (HCWs) [10-16].

Malaysian Digital Health
Malaysia began integrating digital health into its health care
system in 1998 [4,5]. The Telemedicine Act 1997 (Act 564)
was enacted to regulate telemedicine practices in the country
[4,5,17-25]. Later, the telemedicine blueprint was created to
outline the government’s vision for digital health implementation
and align it with the 7 National Multimedia Super Corridor
flagship applications [19-22]. The initiative was referred to as
telemedicine and later restated as telehealth. The telehealth
system serves as a platform for digital health services in
Malaysia [20]. The National Telehealth Policy was launched
to support the Vision 2020 agenda, focusing on four key
components: (1) lifetime health plan, (2) mass customized health
information and education, (3) continuous medical education,
and (4) teleconsultation application [1]. The policy was
formulated during the Eighth Malaysia Plan and managed by
the National Health Informatics Centre Division [4,17,19-22].
The lifetime health plan covers health services from womb to
tomb [19]. The telehealth system also includes the clinical
support system and health information management and support
services, and it encompasses the hospital information system
and the Tele-Primary Care Oral Health Clinical Information
System (TPC-OHCIS) [18-24]. The TPC-OHCIS is a
comprehensive electronic medical record system for primary
health care [22-24]. It was initially developed for outpatient
services at primary health care clinics (PHCs), and later, it
incorporated maternal and child health (MCH), oral health, and
other life stage health services to ensure continuity of care
[21,22]. The development of TPC-OHCIS was a collaborative
effort between the Ministry of Science, Technology, and
Innovation; the Ministry of Health, Malaysia; and the Malaysian
Institute of Microelectronic Systems, Berhad [21-24]. The
system was first tested in the PHCs of Seremban District, Negeri
Sembilan, and later expanded to 34 PHCs across 3 states (ie,
Perlis, Sarawak, and Selangor) [17,21]. To date, the TPC-OHCIS
has been implemented in 108 PHCs across 7 additional states
[22,25]. The TPC-OHCIS is a web-based platform that allows
HCWs to enter data during clinic services or home visits,
automatically updating when connected to the internet [23,24].

Role of Digital Health in Service Quality Performance
The recent COVID-19 pandemic revealed a significant public
health issue in health care system delivery to provide
comprehensive quality care [2,26-28]. Malaysia has experienced
various health service delivery disruptions at PHCs during the
critical phase of the COVID-19 pandemic [29]. MCH services
include a wide range of services covering school health
programs that experienced substantial disruptions due to closing
and movement control orders, thus preventing mothers and
children from receiving adequate health care services [22].
During the COVID-19 pandemic, many countries have improved

health care delivery through digital technology, enhanced
resource coordination, and facilitated universal health coverage
[29,30].

The HCWs at the PHCs worked on the frontlines, assessing
risks, monitoring care treatment, and promoting health
empowerment in the community [17]. Most of the administration
work related to patient care is recorded manually. Even with
the implementation of TPC-OHCIS, many facilities still need
to record data manually and enter it into the system because of
internet instability at some PHCs [22]. At present, there is no
specific policy published by the Ministry of Health to completely
replace manual recording of patient information monitoring
with digital health. The HCWs monitor patients during home
visits and conduct outreach activities to cover areas inaccessible
to health facilities [17,22]. Therefore, it is important to continue
patient using manual data recording when services are provided
offline. The TPC-OHCIS is an electronic medical record system
used as a daily operating system and in “real time” at PHCs
[22-24]. However, the TPC-OHCIS implemented in selected
facilities in Malaysian PHCs is used mostly to record data and
monitor patient care only [22-24].

Specific Study Measurement Tool
The conceptualization of this study diverges from earlier studies
primarily in its integration of advanced technological modalities
and emphasis on patient-centered care delivery, unlike
traditional telehealth frameworks, which often focus on
providing remote consultations or basic medical services
[1,3,18,25]. The TPC-OHCIS incorporates elements of
comprehensive primary care delivery, leveraging telehealth
technologies to facilitate longitudinal patient-provider
relationships, care coordination, and proactive health
management. Moreover, this study’s conceptualization places
a heightened emphasis on the integration of patient health data,
wearable devices, and digital health platforms to enhance care
delivery and patient engagement. The TPC-OHCIS can remotely
monitor patient health metrics, deliver personalized
interventions, and empower individuals to take an active role
in their health management [24]. The importance of
interdisciplinary collaboration and team-based care is crucial
in the implementation of the TPC-OHCIS at PHCs. Hence, it
is important to assess the implementation of TPC-OHCIS by
focusing on technology, organization, environment, or human
resource components, as suggested in the literature [3-5,9].
Earlier studies were conducted to evaluate the effectiveness of
the TPC-OHCIS in improving health care quality; however,
there is limited evidence on assessing HCWs’ perceived
usefulness and ease of use [9,18,25]. A comprehensive study
of HCWs’ perspectives is important to provide a shred of
extensive knowledge and evidence on the TPC-OHCIS
implementation in PHCs.

Therefore, this study aimed at developing, testing reliability,
and validating the TPC-OHCIS questionnaire, which was
designed as a survey instrument to collect data on the
implementation of the TPC-OHCIS at the PHC setting among
HCWs related to various aspects of primary care services,
including MCH services. It aims to ensure that the TPC-OHCIS
questionnaire is a robust and effective tool for assessing the
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implementation of MCH services, which are the core services
for PHCs. The research question formulated was as follows:
“Is a customized questionnaire on digital health information
system (TPC-OHCIS) able to assess the HCWs’ perception of
its implementation process in the delivery of MCH services at
the primary care level?” A thorough design of the TPC-OHCIS
questionnaire validation helps increase the questionnaire’s
relevance and usefulness for decision-making purposes, as it is
designed to facilitate monitoring and evaluating the TPC-OHCIS
operability among the HCWs working at PHCs. To the best of
our knowledge, there is no valid questionnaire available to
measure the implementation evaluation of any digital health
information system for the primary care level that focuses on
MCH services, which is a priority service component of PHC
and which was monitored regularly for sustainable development
goals performance achievement [17].

Methods

Study Design
This study involved several steps for questionnaire development
(phase 1), reliability, and validation (phase 2).

Phase 1: Questionnaire Development
The questionnaire is adapted from literature and document
review [4,5,9,17-25,31-36]. The TPC-OHCIS questionnaire
was developed based on various theoretical models, which may
address multiple aspects of remote primary care and patient
information systems. The questionnaire was created based on
a combination of the technology-organization-environment
(TOE) theory [31], the technology acceptance model (TAM)
theory [32,33], the human organization technology-fit (HOT-fit)
model [34,35], and the diffusion of innovation (DOI) theory
[36]. There was a 65-item questionnaire with a 4-point Likert
scale (1=highly disagree, 2=disagree, 3=agree, and 4=highly
agree) developed based on the aforementioned theories [31-36].
The score scale is created according to the Likert scale that
indicates the following: 1=strongly agree, 2=agree, 3=disagree,
and 4=strongly disagree. In this study, the researcher did not
put a neutral on a scale of 3 to avoid respondent bias [37]. The
4-point Likert scale does not impact the reliability and validity
of the questionnaire [2,37].

The development of the questionnaire items was partly adapted
from various questionnaires available from previous studies
conducted in Malaysia, based on selected theoretical models,
using a 4-point scale questionnaire: (1) technology, (2)
organization, (3) environment, and (4) human [31-36]
(Multimedia Appendix 1 [4,5,9,17-25,31-36]). Therefore, we

classified the 65-item TPC-OHCIS questionnaire into 4 scales
(Multimedia Appendix 2), described below.

• Domain A, technology: this comprised 17 items and four
subscales that include (1) relative advantage (items 1-5),
(2) compatibility (items 6-9), (3) complexity (items 10-13),
and (4) security concern (items 14-17).

• Domain B, organization: this contained 18 items and four
subscales that include (1) the presence of a specified liaison
officer (BCHAMP: items 18-22), (2) infrastructure
(BINFRA: items 23-26), (3) top management support (BTP:
items 27-31), and (4) financial resources (BFIN: items
32-35).

• Domain C, environment: this focuses on vendor support
(CVEN: items 36-39).

• Domain D, human: this contained 26 items and six subscales
that include (1) staff competency in information systems
(DPT: items 40-44), (2) knowledge of the TPC-OHCIS
system (DEISK: items 45-50), (3) clinical information
technology competency (DCIT: items 51-54), (4) perceived
innovativeness of the IT officer (DCIO: items 55-57), (5)
perceived ease use (DPEU: 58-61), and (6) perceived
usefulness (DPU: items 62-65).

The 65-item TPC-OHCIS questionnaire was developed based
on the requirement of the TPC-OHCIS implementation plan for
the PHCs in Malaysia. A total of 15 items (item numbers 10,
11, 12, 13, 33, 40, 41, 42, 48, 49, 50, 53, 54, 58, and 39) were
written as negative items. The Likert scale score of negative
items was reversed for scoring analysis before data were entered
into the SPSS software (version 26.0; IBM Corp).

Phase 2: Questionnaire Validation
On the basis of the steps suggested by Boateng et al [38], the
second phase involved scale development, which consists of
pretesting questions, sampling and survey administration, item
reduction, and extraction of latent factors. The scale evaluation
requires tests of dimensionality, reliability, and validity. A
cross-sectional study was conducted to assess the psychometric
properties of the questionnaire.

Study Sample
The sample for each step was calculated and listed in Table 1.

The sample-to-item ratio was decided based on the number of
items in the questionnaire. The ratio per item was determined
using 5 to 20 samples per item [39,40]. In this study, the survey
included 65 items. Therefore, the total calculated sample size
required was 325 respondents.

Table 1. Calculated sample size for each validation step.

ReferenceSample size required, nSteps and aims

[3]40Pilot study and face validity: to test the adequacy of instrumentation in which the outcome is in the form
of a scale

[4]12Test-retest reliability: to test the degree of consistency exhibited when a measurement is repeated under
identical conditions

[5]325Field survey: to test the psychometric analysis of the questionnaire based on tests of dimensionality, relia-
bility, and validity
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Content Validity Index
The flow process of questionnaire validation was conducted
based on Figure 1.

On the basis of Figure 1, a total of 6 steps were taken to perform
content validity for the questionnaire.

Figure 1. Flow process for questionnaire validation.

Step 1: Assessment Form Development for Content and
Face Validity
In our literature review search [37,39-41], we listed items to
determine the content and face validity. We used the clarity
scale of 1 to 3 to indicate the relevance of each item (1=not
clear, 2=revision needed, and 3=very clear). The essentiality of
the questionnaire was identified using a 1 to 3 scale (1=not
essential, 2=useful but not essential, and 3=essential). A similar
form was used to assess face validity in evaluating the language,
feasibility, readability, and style formatting consistency [37,41].

Step 2: Content and Face Validity (Expert Review)
Face validity was conducted among the experts who were
involved in designing and using the system at the primary care
level. Ten experts were invited to review the 65-item
Tele-Primary Care Oral Health Clinical Information System
(TPC-OHCIS) questionnaire. All experts have extensive
experience and knowledge related to the TPC-OHCIS. Of the
10 experts, 3 (30%) were from the TPC-OHCIS division, 3
(30%) were public health researchers, 2 (20%) were from the
maternal and child health unit services in the Selangor State

Health Department, and finally, 2 (20%) were individuals who
worked directly with the TPC-OHCIS system and also served
as system liaison officers at health clinics. The adaptation of
questionnaires from earlier studies [41-43] was checked for
content suitability and appropriateness before forward translation
was performed. Scale evaluation was performed by experts
using a developed form. Owing to time constraints and
lockdown because of the COVID-19 pandemic, a face-to-face
method for collecting data from the experts was impossible. A
Google form (Google LLC) link was created and sent via
WhatsApp (Meta Platforms, Inc) to assess the face and content
validity. The selected 10 experts were asked to evaluate the
scale for content and face validation. All 10 experts’ comments
were used to improve the questionnaire. Experts were
encouraged to provide both verbal and written comments
regarding the questionnaire items. Verbal comments were
collected via phone call, and written comments were collected
via the Google form.
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Step 3: Pilot Study
A pilot study was conducted to assess the adequacy of the
instrumentation, which measured outcomes to ensure that the
instruments used were appropriate and effective for the intended
purpose. Through the pilot study, face validity was evaluated
to confirm that the 65-item TPC-OHCIS questionnaire
developed was constructed accurately and comprehensively.
We purposively invited health care workers (HCWs) who were
involved in the initial pilot-tested version of the TPC-OHCIS
in Seremban District, Negeri Sembilan [17]. The questionnaire
was sent after a thorough face and content validity assessment
by the experts. Correction and fine-tuning were conducted by
the researchers based on their feedback.

Step 4: Test-Retest Reliability
We selected 12 HCWs who were familiar with the TPC-OHCIS
involved in the pilot study mentioned above to test the degree
of consistency exhibited when a measurement is repeated under
identical conditions. The same questionnaire was sent to the
same respondents 2 weeks after the first time the survey was
conducted.

Step 5: Field Study
A cross-sectional study was performed to assess the item
reduction and extraction factors among the HCWs of the
TPC-OHCIS public health care clinics (PHCs) in selected states
in Malaysia. The TPC-OHCIS is a system used in the PHCs.
The PHC is headed by a family medicine specialist who
supervises staff from various disciplines (eg, physicians, nurses,
medical assistants, pharmacists, laboratory technicians, and
record officers).

Step 6: Performing an Analysis for Content Validity,
Face Validity, and Test-Retest Reliability
The item-level content validity index (I-CVI) and scale-level
content validity index (S-CVI) were used. I-CVI is defined as
the proportion of content experts giving items a relevance rating
of 3 and 4. S-CVI was calculated by the proportion of
understanding by experts (universal agreement [UA] of S-CVI),
which gave ratings of 3 and 4, or by average scores given
(average of S-CVI). The average of S-CVI is defined as the
average of the I-CVI scores for all items on the scale or the
average of proportion relevance judged by all experts. The UA
of S-CVI is the proportion of items on the scale that achieve a
relevance scale of 3 or 4 by all experts. UA score is given as 1
when the item achieved 100% agreement by all experts;
otherwise, the UA score is given as 0 [39]. First, we calculated
the experts in agreement. Second, a score of 1 was given to
items that achieved 100% agreement by all experts, while a
score of 0 was given to items that did not achieve 100%
agreement. Third, experts in the agreement were divided by the
total number of experts (calculated for I-CVI). The fourth step
was to divide the results obtained in the third step by 65, which
was the total number of items in the questionnaire (calculated
for average of S-CVI). Finally, we divided the UA result from
step 2 by 65 items (calculated for UA of S-CVI). The face
validity index was used to evaluate the form of clarity and
comprehensibility of language and instructions used in the
questionnaire [41]. The respondents were requested to rate the

comprehensibility of each item using a scale of 1 to 4 (1=not
understandable, 2=somewhat understandable, 3=understandable,
and 4=very understandable). The item-level face validity index
was computed for each item by dichotomizing the 4-point scale,
where items scoring either 1 or 2 were recorded as 0 and items
scoring 3 and 4 were recorded as 1. The values later were added
up according to each item, and the total values were divided by
the total number of respondents. Test-retest reliability was used
to define whether the questionnaire was answered by
respondents due to chance. The internal reliability of
questionnaires was assessed using the Cronbach α coefficient.
The Pearson correlation and intraclass correlation coefficients
of the scores of the 2 tests were calculated. The test-retest
reliability is achieved when the value of intraclass correlations
is 0.6 to 0.8 (good reliability), and values >0.8 indicate excellent
reliability, which means the higher the correlation, the higher
the test-retest reliability, with values close to 0 indicating low
reliability [38].

Forward-Backward Translation
The questionnaire was translated from English to the Malay
language, then underwent content assessment, and its
cross-cultural validity was evaluated by 3 experts representing
Malaysia’s diverse ethnic backgrounds (Malay, Chinese, and
Indian), proficient in both English and Malay. After the
questionnaire had been reviewed, the forward-backward
translation was sent to Proofreaders United company for
translation and proofreading.

Ethical Considerations
Ethics approval was granted by the National University of
Malaysia (FF-2021-124) and the Ministry of Health Malaysia
National Medical Research Registry (NMRR-21-599-58521,
investigatory initiated research). Meanwhile, the researcher also
needed to obtain verbal permission and a signed consent letter
from the respondent as evidence of consent to participate in the
study. Respondents were informed that their participation was
voluntary and they would not receive any payment. All research
information collected was treated as confidential. The data are
displayed anonymously without the name, address, or any
identity that describes the respondent when presented as the
study output.

Statistical Analysis
The internal reliability was assessed using Cronbach α. The
validity index was calculated based on the content validity index
(CVI). The Bartlett test of sphericity was used to determine the
construct validity. The Kaiser-Meyer-Olkin measure and total
variance explained (TVE) were evaluated. Factor analysis was
performed using varimax rotation in principal component
analysis (PCA) to verify construct validity (ie, discriminant and
convergent validity). Items loading >0.60 were considered for
further analysis [38].

Results

CVI Evaluation
Out of 10 experts evaluating the 65-item TPC-OHCIS
questionnaire (TPC-OHCIS questionnaire in Multimedia
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Appendix 2), the scale-level CVI (S-CVI) average for item 1
of domain A, relative advantage, to item 65 of domain D,
perceived usefulness, was 0.9. The average of S-CVI (based on
item-level CVI) was 7.415, the average of S-CVI (based on
proportion) was 0.742, and the universal agreement of S-CVI
was 0.045. The universal agreement of S-CVI was calculated
based on the proportion of items on the scale that obtained a
relevance value of 3 or 4 from all the experts (Multimedia
Appendix 3).

Face Validation
The face validity index was assessed for clarity, language
comprehensibility, and instructions used in the questionnaire.
The calculated item face validity index was 0.785 and fulfilled
the face validity criteria, which was >0.6 [41].

Test-Retest Reliability
The 65-item survey’s internal reliability score for Cronbach α
was 0.90 for the whole instrument and exceeded the suggested

minimum value of Cronbach α=0.70 [38]. Pearson correlation
coefficient was 0.90, and the intraclass correlation coefficient
was 0.91.

Descriptive Analysis
There were 319 respondents (Table 2) who answered the 65-item
TPC-OHCIS questionnaire, with mean item scores ranging from
1.99 to 2.85 (Table 3). Our study found that a high mean score
was achieved in all subscales except for the item 17 in domain
A, security concerns (how much can I trust the vendor). The
subscale mean scores were lowest at 1.93 (SD 0.751) and 1.99
(SD 0.832) for item 63 in domain D, perceived usefulness
(TPC-OHCIS application improved the quality of my work,
respectively). The mean score for communication was the
highest for item 38 in domain C, vendor, with a mean score of
3.45 (SD 0.819), and item 39 in domain C, vendor, with a mean
score of 3.39 (SD 0.805).

Table 2. Respondent profile for field study (N=319).

Frequency, n (%)Variables and category

Occupation

5 (1.6)Family medicine specialist

69 (21.6)Medical officer

2 (0.6)Matron

17 (5.3)Head nurse

138 (43.3)Nurse

88 (27.6)Community nurse

Sex

6 (1.9)Male

313 (98.1)Female

Race

7 (2.2)Chinese

21 (6.6)Indian

285 (89)Malay

6 (1.9)Others
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Table 3. Descriptive statistics for item mean score of the Tele-Primary Care Oral Health Clinical Information System (TPC-OHCIS) questionnaire.

Scores, mean (SD)Question statementItem question

2.05 (0.865)Using the TPC-OHCIS application enables me to do my work quickly.ARAa 1

1.99 (0.832)Using the TPC-OHCIS application improves the quality of my work.ARA 2

2.01 (0.864)Using the TPC-OHCIS application enhances my effectiveness on the job.ARA 3

2.04 (0.825)Using the TPC-OHCIS application increases my productivity.ARA 4

2.02 (0.795)Using the TPC-OHCIS application makes my job easier.ARA 5

2.53 (0.941)TPC-OHCIS application can be easily accessed across multiple platforms (labo-
ratory results, x-ray, and other related patient data).

ACOMb 6

2.62 (0.931)TPC-OHCIS user interfaces provide transparent access to all platforms (e-notifi-

cation and VEKPROc).

ACOM 7

2.74 (0.932)Data received from other devices (tablet/laptop/ smartphone) outside health facil-
ities in the TPC-OHCIS application can be easily merged into the database for
analysis.

ACOM 8

2.74 (0.839)Information is shared seamlessly across our organization regardless of location.ACOM 9

2.86 (0.870)I do not know enough about the TPC-OHCIS application to handle my job satis-
factorily.

ACOMPLEXd 10

2.82 (0.961)I need a long time to understand and get familiar with the TPC-OHCIS application.ACOMPLEX 11

2.71 (0.870)I do not find enough time to study and upgrade my technology skills before using
the TPC-OHCIS system.

ACOMPLEX 12

2.99 (1.019)I often find it too complex for me to understand and use the TPC-OHCIS applica-
tion.

ACOMPLEX 13

2.05 (0.855)I feel secure in using the TPC-OHCIS application, keying in patients’ data, and
sharing it across my organization.

ASECe 14

2.80 (0.754)I would feel safe using the TPC-OHCIS application to retrieve patient data.ASEC 15

2.07 (0.785)I am concerned about data patient leakage.ASEC 16

1.93 (0.751)I am concerned about how much I can trust the vendor.ASEC 17

2.02 (0.736)A specified liaison officer will provide useful information to top managers and
vendors about the TPC-OHCIS application faulty.

BCHAMPf 18

2.01 (0.760)A specified liaison officer plays a role in upgrading the TPC-OHCIS application
for users’ needs.

BCHAMP 19

2.22 (0.851)A specified liaison officer has a good relationship with both vendors and top
managers.

BCHAMP 20

2.41 (0.972)A specified liaison officer can bring staff to use the TPC-OHCIS application well.BCHAMP 21

2.54 (0.895)A specified liaison officer provides training/courses for the users a few times a
year.

BCHAMP 22

2.27 (0.743)We have enough computers for the TPC-OHCIS application use.BINFRAg 23

2.11 (0.767)We have a reliable computer network in our use.BINFRA 24

1.90 (0.749)Appropriate hardware, software, and network infrastructure were in place before
TPC-OHCIS implementation.

BINFRA 25

2.05 (0.775)We have integrated ISh applications encompassing different functional areas
(laboratory and pharmacy).

BINFRA 26

2.15 (0.785)Top management always supports and encourages the use of the TPC-OHCIS
application for job-related tasks.

BTPi 27

2.17 (0.746)Top management provides most of the necessary help and resources to enable
people to use the TPC-OHCIS system.

BTP 28

2.15 (0.732)Top management provides good access to hardware when staff need it.BTP 29

2.44 (0.822)Top management gives feedback to vendors on every dismayed or unsatisfactory
comment from staff.

BTP 30
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Scores, mean (SD)Question statementItem question

2.55 (0.842)Top management provides good access to the TPC-OHCIS application when staff
need it.

BTP 31

2.44 (0.901)There is enough financial aid from the organization for the coordination of the
system implementation.

BFINj 32

2.75 (0.814)I find difficulties in using the TPC-OHCIS application because it cannot be up-
graded due to not having enough budget.

BFIN 33

2.29 (0.743)Enough computers are available to access the TPC-OHCIS application.BFIN 34

2.28 (0.729)We easily obtain obsolete computer replacements.BFIN 35

2.41 (0.704)Vendors entertain each of our complaints dutifully.CVENk 36

2.41 (0.771)The vendor can upgrade the TPC-OHCIS according to our needs.CVEN 37

3.45 (0.819)The system vendor attends technical meetings quite frequently.CVEN 38

3.39 (0.805)I have a platform to voice out problems regarding the TPC-OHCIS application
directly to the vendor.

CVEN 39

3.19 (0.874)I do not know how to use computers.DPTCl 40

2.11 (0.849)I never used to work online.DPTC 41

2.15 (0.859)I need people’s help to use a computer.DPTC 42

2.29 (0.836)I like to work using the online system.DPTC 43

2.33 (0.794)The TPC-OHCIS application is easy to operate.DPTC 44

2.25 (0.836)I have enough training before working with the TPC-OHCIS application.DEISKm 45

2.85 (0.920)It took me only a few days before I could master the TPC-OHCIS application
well.

DEISK 46

2.63 (0.912)The TPC-OHCIS facilitates task management.DEISK 47

2.61 (0.900)The TPC-OHCIS application is hard to use.DEISK 48

2.05 (0.730)I have to open many interfaces just to key in 1 patient’s data.DEISK 49

2.50 (0.715)The TPC-OHCIS application takes much time because I have to open so many
interfaces.

DEISK 50

2.60 (0.725)I have confidence in my ability to operate the TPC-OHCIS application.DCITn 51

2.23 (0.737)I have the expertise regarding Information technology to provide valuable
knowledge to the organization.

DCIT 52

2.22 (0.688)It does not make any difference whether I add/share knowledge with others related
to the use of the TPC-OHCIS application.

DCIT 53

2.22 (0.688)I feel that other employees can provide more valuable knowledge about the sys-
tem’s use.

DCIT 54

2.34 (0.672)The ITOp is actively considering the introduction of new technology to solve to
organization’s problem.

DCIOo 55

2.84 (0.823)The ITO tries to keep a technological leading edge by adopting new technology
early.

DCIO 56

2.80 (0.847)The ITO tends to take risks in the decision-making of new technology introduction.DCIO 57

2.11 (0.810)I often become confused every time I use the TPC-OHCIS application.DPEUq 58

2.18 (0.768)Interacting with the TPC-OHCIS application is frequently frustrating.DPEU 59

2.28 (0.846)I find that the TPC-OHCIS application makes my job easier.DPEU 60

2.06 (0.764)The TPC-OHCIS application provides useful guidance in performing tasks.DPEU 61

2.13 (0.835)My job would be hard to perform without the TPC-OHCIS application.DPUr 62

2.18 (0.767)Using the TPC-OHCIS application improves my job performance.DPU 63

2.13 (0.851)Using the TPC-OHCIS application saves me time.DPU 64
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Scores, mean (SD)Question statementItem question

2.17 (0.782)Using the TPC-OHCIS application supports critical aspects of my job (e.g, retriev-
ing patients with missed treatment).

DPU 65

aARA: domain A, relative advantage.
bACOM: domain A, compatibility.
cVEKPRO: vector program for reporting vector-borne diseases and outbreaks.
dACOMPLEX: domain A, complexity.
eASEC: domain A, security.
fBICHAMP: domain B, champion.
gBINFRA: domain B, infrastructure.
hIS: information system.
iBTP: domain B, top management support.
jBFIN: domain B, financial support.
kCVEN: domain C, vendor.
lDPTC: domain D, perceived technical competence.
mDEISK: domain D, employee information system knowledge.
nDCIT: domain D, competency of employee’s IT.
oDCIO: domain D, chief information officer innovativeness.
pITO: IT officer.
qDPEU: domain D, perceived ease of use.
rDPU: domain D, perceived usefulness.

Statistical Analysis
The 65-item TPC-OHCIS questionnaire was created based on
a mix of items adapted from various sources in the development
of the questionnaire. It was adapted by a combination of the
TOE theory [31], the HOT-fit model [34,35], the DOI theory
[36], and the TAM theory [32,33]. The content validity was
assessed by experts according to the 4 scales (ie, technology,
organization, environment, and human), as highlighted in the
previous studies [33-35]. In this study, we explored the
constructs generated from this initial group of 65 items, which
were developed based on their multidimensional nature. An
exploration of the subdimensions based on the 65-item
TPC-OHCIS questionnaire at the initial phase found that there
were 13 factors, without being restricted to 4 domains.
Exploratory factor analysis (EFA) determined the quantity of
components (or themes) that emerged for the questionnaire
items. The process involved grouping the measurements of
comparable themes. The scree plot reveals that there were 13
components in a 65-item questionnaire (Figure 2).

A PCA with varimax rotation yielded 13 components with an
eigenvalue of >1. The eigenvalue for the first component was
17.71 and accounted for 27% of the variance. The difference
between the first and second components was 11.98, while the
subsequent eigenvalues were small (4.91, 4.64, and 3.40). The
Kaiser-Meyer-Olkin value was 0.908, which showed sample
adequacy. The Bartlett test of sphericity value for the

approximate chi-square was χ2
2080

=18,219.9; this was significant
(P=.001).

Table 4 shows that the eigenvalues from 1.01 to 17.71,
corresponding to the extraction sums of squared loadings of 13

subscales of the questionnaire. The highest eigenvalue accounted
for 17.71% of the total variance, while the lowest eigenvalue
explained 1.01%. The result also shows that the extraction
eigenvalue does not vary much from the rotation eigenvalue.
Therefore, 65 items loaded strongly on 13 factors at the
extraction level.

Table S1 in Multimedia Appendix 4 provides the scale construct
and its item. All 13 components had acceptable internal
reliability (Cronbach α>0.7). All construct eigenvalues were
>1. The deleted items were 14 and 15 of domain A, relative
advantage, and 56 and 57 of domain D, chief information officer
innovativeness, and the deletions were done because their factor
loadings were <0.6. After discussing with the experts, questions
for items 56 and 57 of domain D, chief information officer
innovativeness, were rephrased for clarity. Question for item
15 of domain A, relative advantage, was omitted, and question
for item 14 of the same domain remained as it was.

Table S1 in Multimedia Appendix 4 provides a detailed
breakdown of various items and their corresponding domain
scores, reflecting their relative contribution to each domain.
The items are identified by numbers and grouped under distinct
domains. For instance, items 18, 19, 22, 20, 21, 16, 17, and 14
display scores ranging from 0.493 to 0.854, indicating their
relevance within a particular domain. Similarly, items 63, 65,
62, 64, 61, 60, 59, and 58 exhibit scores from 0.636 to 0.807
and, therefore, were grouped in another domain. The third
domain was categorized based on items 40, 42, 44, 43, 41, 38,
and 39, with scores ranging from 0.701 to 0.927. The fourth
domain includes items 48, 46, 49, 47, 45, and 50, with scores
between 0.0715 and 0.829, and the last domain covers items
27, 31, 30, 29, and 28, with scores ranging from 0.773 to 0.822.
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Figure 2. Scree plot revealing the 13-factor components extracted from principal component analysis with varimax rotation.

Table 4. The total variance explained.

Extraction sums of squared loadingsInitial eigenvaluesFactor

Cumulative (%)Variance (%)Total, nCumulative (%)Variance (%)Total, n

27.227.21827.227.2181

36.18.8636.18.862

43.67.6543.67.653

50.77.1550.77.154

55.95.2355.95.235

60.34.3360.34.336

63.22.9263.22.927

65.92.7265.92.728

68.62.6268.62.629

70.72.2170.72.2110

72.82.1172.82.1111

74.51.7174.51.7112

76.11.6176.11.6113

Discussion

Principal Findings
This study aimed to validate a specific tool used in health care
delivery in Malaysia’s health care system, a new technology
telehealth application called TPC-OHCIS, making this
evaluation timely. The 65-item TPC-OHCIS questionnaire
demonstrated a comprehensive and reliable tool ready to be
used for the assessment of the implementation of the digital
application system for monitoring the health service program
at the PHCs. Monitoring any health care service performance
requires a periodic and ongoing operation to ensure that it can
be delivered as planned and with good tracking of progress.
Evaluation of how the program should be implemented needs
to have a valid tool that can give relevant and appropriate results.
A validated tool can be used to replicate similar studies in the
future for evaluation and comparison.

Developing and validating a locally customized questionnaire
for specific program service delivery is important. Therefore,
this study used 4 theories, including the HOT-fit model, DOI
theory, TOE theory, and TAM theory. The TPC-OHCIS
questionnaire was proven valid based on content, face, and
construct validities, as well as good psychometric analysis
reliability. A total of 4 scales created using PCA did not align
with a local study [17] that assessed the hospital information
system implementation in Malaysian hospitals. Measuring
implementation of technology in different service set-ups and
levels of care, at either hospitals or PHCs, should use a
customized tool. No similar research paper is available to check
for disagreement or benchmarks on other tools, to compare them
with the TPC-OHCIS questionnaire validation. Our findings
showed that the 13 scales were validated based on the local
population working in the PHC with the TPC-OHCIS. In
comparison, an earlier study conducted local testing on the
hospital information system and identified 4 scales [18]. Our
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analysis focuses on the MCH services, which are the routine
and regularly monitoring health services delivered at PHCs.

A CVI score of 0.90 is generally considered very high and
indicative of strong content validity for a measurement tool,
particularly in the academic context. Content validity refers to
the extent to which the items in a measurement instrument
represent the entire range of content that the instrument is
intended to measure [39]. A CVI of 0.90 provides strong
evidence that the measurement tool has undergone rigorous
development and validation processes.

Face validity has been widely used not only in questionnaire
development but also in questionnaires that were adopted from
other researchers’ tools, which required local forward-backward
translation [37-41]. Experts in the field who were recruited to
determine face and content validity in our study gave feedback
regarding content relevance, wording, quantity of items, the
amount of information, and other related issues. The analysis
results for the CVI from 10 experts indicated good quality
(>0.9), which complies with the recommendations in the
literature [41].

Internal reliability assessment using Cronbach α revealed how
close the selected items are to one another when measuring the
construct [39]. The Cronbach α value of the 65-item
TPC-OHCIS questionnaire was 0.90, which exceeded the
suggested minimum value of 0.70 [39]. By measuring Cronbach
α, the tool’s accuracy and reliability have been verified. Our
findings demonstrated that the variables are correlated with the
components as constructed through PCA, and it proved that
they are internally consistent.

The EFA also determined the TVE for the construct. The TVE
illustrated the precision with which the measuring objects and
their constituent parts estimate the construct. This study found
that the TVE was 76.08%, which exceeded the required
minimum of 60%, indicating that the overall variance explained
was satisfactory [39]. PCA is the most common EFA method
for dimension reduction. The EFA results using varimax rotation
with maximum likelihood showed that the TPC-OHCIS
questionnaire has 13 subscales.

The study may provide evidence-based recommendations for
policy makers and health care stakeholders regarding the
implementation and optimization of the TPC-OHCIS in the
MCH service delivery monitoring. By identifying key factors
influencing the TPC-OHCIS implementation and effectiveness,
the study offers actionable insights into policy development,
resource allocation, and quality improvement efforts aimed at
strengthening MCH care systems. The study may contribute
methodological innovations to the field of TPC-OHCIS
evaluation, such as novel approaches to questionnaire
development, validation, and implementation. By documenting
the methodological processes and challenges encountered in
assessing the TPC-OHCIS questionnaire validation, the study
adds to the methodological toolkit available to researchers and
practitioners working in the field of digital health.

Overall, the TPC-OHCIS study offers novel insights into the
evaluation of the TPC-OHCIS, which focuses on the MCH
services, highlighting the importance of tailored assessment

tools, cross-cultural adaptation, policy considerations, and
methodological innovations. These insights contribute to a
deeper understanding of the complexities and opportunities
associated with the integration of digital health technologies
into health care delivery and provide a foundation for future
research and practice in this area. The TPC-OHCIS
questionnaire is validated for evaluating other health information
systems, as it takes into account the outcome aspects of health
services, technology, organizations, vendors, and human
resources. Future researchers can replicate studies to validate
the findings of the TPC-OHCIS questionnaire in different
populations, settings, and contexts. By replicating studies using
a valid and reliable tool with diverse samples, researchers can
assess the generalizability and robustness of the questionnaire
across various demographic, cultural, and organizational
contexts.

Suggestions to Stakeholders
There is a need to integrate machine learning and artificial
intelligence into the TPC-OHCIS so that data can be extracted
faster and can be used in line with precision medicine. The
validated TPC-OHCIS questionnaire can help stakeholders
make effective evidence-based decisions in managing
patient-centered care. The system needs to be more stable, easier
to use, and faster in terms of data collection, without the need
for complicated training, and easy to download from the system
itself. Awareness related to the importance of complete and
accurate data from an organizational perspective needs to be
understood at the level of clinic users and data administrators
because they will then enter, process, and ensure that the data
entered are complete and accurate. These crucial issues were
addressed in our study during the content and face validity
assessment of the tool.

The COVID-19 pandemic made us see the need for the
TPC-OHCIS to be rolled out to wider PHCs in Malaysia. With
<10% of the TPC-OHCIS currently implemented, the vision to
having a digital health system in Malaysia by the year 2030
needs to be facilitated. The TPC-OHCIS should be developed
as a comprehensive package that includes embedded training
and health education to facilitate its delivery. The issue of data
security can be compared to the concept of banking system apps
in Malaysia, where users only need to download the app on
their mobile phones to share information with other health care
providers, unlike the TPC-OHCIS, which ensures continuity of
care. Otherwise, printing a duplicate report is sufficient for the
time being while the country works on transitioning all clinics
into a digital system.

Study Strength
The study demonstrates the development of a tailored
questionnaire specifically designed to assess the implementation
process and the effectiveness of the TPC-OHCIS in the context
of MCH health services at the primary care level. This tailored
approach acknowledges the unique challenges and complexities
of MCH service delivery and highlights the importance of
designing measurement tools that are sensitive to the needs of
this population. The study determined comprehensive items to
measure the integration implementation of the TPC-OHCIS,
which is one of the digital health technologies focusing on

JMIR Hum Factors 2025 | vol. 12 | e53630 | p.303https://humanfactors.jmir.org/2025/1/e53630
(page number not for citation purposes)

Sutan et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


priority services, such as MCH service delivery at the primary
care level. The study sheds light on the practical considerations,
barriers, and facilitators associated with the adoption and use
of digital health solutions in MCH care settings. The study offers
insights into the cross-cultural adaptability assessment tools,
particularly in diverse multiethnicity population settings. By
evaluating the linguistic and cultural appropriateness of the
TPC-OHCIS questionnaire, the study highlights the importance
of considering cultural context and language preferences in
developing and validating measurement instruments for MCH
services.

Limitations of This Study
This study was conducted in 2021 when movement control
orders were implemented in Malaysia. The study was conducted
entirely online, and all surveys were distributed to the
respondents’ superiors without proper briefing about the survey
and the overall idea of the research except for study information
highlighted at the beginning of the online survey questionnaire
form. Therefore, each respondent answered as they saw fit,
without recognizing the true meaning of the survey. In addition,
the deployment of staff during the COVID-19 pandemic could
have caused fatigue among them, which was likely to cause
them to answer the questions lightly without focus. Meanwhile,

the distribution of questionnaires through Google Forms
contributed to the risk of bias among respondents when there
was no supervision or explanation that could be given as a guide
to answering the questionnaire.

Conclusions
The psychometric validation process of the questionnaire was
done comprehensively for all iterative stages, including initial
reliability tests, potential modifications based on these tests,
and integration with existing digital health assessment
frameworks. The novelty of the study lies in its unique approach
to conceptualizing the implementation of the TPC-OHCIS. This
may offer new insights into the integration of life stage records,
with a focus on priority services at PHCs, such as MCH services,
for its development. Cross-cultural adaptability was considered
to ensure wider applicability, and the rigor of the process was
demonstrated in part by high CVI scores, which is important in
an academic research setting. Likert scale points were carefully
chosen to capture nuanced responses, and while the TPC-OHCIS
has certain academic limitations, its robustness paves the way
for future research on policy implications and telehealth.
Comparison with existing literature establishes its validity and
reliability, showing its potential impact on policy development.
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Abstract

Background: Patient-reported outcome (PRO) data refer to information systematically reported by patients, or on behalf of
patients, without the influence of health care professionals. It is a focal point of the health care system’s ambition toward becoming
more involving and personalized. It is recognized that PROs provide valuable data. However, despite this recognition, there are
challenges related to both patients’ and clinicians’ accurate interpretations of the quantitative data. To overcome these challenges,
this study explores text vignettes as a representation of PROs.

Objective: This study aimed to develop data-informed text vignettes based on data from the Readiness and Enablement Index
for Health Technology (READHY) instrument as another way of representing PRO data and to examine how these are perceived
as understandable and relevant for both patients and clinicians.

Methods: The text vignettes were created from participant responses to the READHY instrument, which encompasses health
literacy, health education, and eHealth literacy. The text vignettes were created from 13 individual text strings, each corresponding
to a scale in the READHY instrument. This study consisted of 3 sequential parts. In part 1, individuals with chronic obstructive
pulmonary disease completed the READHY instrument, providing data to be used to create vignettes based on cluster profiles
from the READHY instrument. Part 2 focused on the development of scale-based strings representing all READHY dimensions,
which were evaluated through iterative cognitive interviews. In part 3, clinicians and patients assessed the understanding and
relevance of the text vignettes.

Results: Clinicians and patients both understood and related to the text vignettes. Patients viewed the text vignettes as an accurate
reflection of their PRO responses, and clinicians perceived the text vignettes as aligned with their understanding of patients’
experiences.

Conclusions: Text vignettes can be developed using PRO instruments, with individual scales as input strings. This provides an
opportunity to present numeric values in a text format that is understandable and recognizable to most patients and clinicians.
Challenges with the vignette’s language and layout require customization and clinician training to ensure meaningful interpretation.
Findings also support the need to expand the study and enhance clinical relevance with alternative or contextually relevant text
vignettes.

(JMIR Hum Factors 2025;12:e58077)   doi:10.2196/58077

KEYWORDS

patient-reported outcome; text vignette; data representation; Readiness and Enablement Index for Health Technology; understanding;
health care system; data analysis; clinical training; clinician; health professional
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Introduction

Background
Patient-reported outcome (PRO) data represent patients’
self-assessed health status in terms of physical and mental health
and do not involve health professionals [1]. PRO data can be
used as a screening tool before outpatient visits as a supplement
to in-person or virtual consultations, serving as a stratification
tool to reduce the number of visits needed. PRO data can also
be used during consultations to screen for symptoms or serve
as a dialogue and decision tool. The use of PRO data during
consultations may increase the patient’s self-awareness and
health literacy, facilitate joint decision-making, enable
self-management, and lead to better health outcomes [1,2].

Health Literacy
Competence in health literacy and digital knowledge is
fundamental for an accurate understanding of PRO data as well
as knowledge about health behavior and health practices and
how patients understand and interpret health information [3].
Challenges arise when data accessibility does not consider
differences in health literacy. While aggregate-level
understanding may tolerate some variations, individual patient
pathways require a common understanding to capture nuances
[4,5]. Therefore, it is crucial to account for patients’ health
literacy and cognition in the clinical use of PROs.

Interpretation of PRO Data
When incorporating PROs into individual patient pathways, it
becomes crucial to ensure that patients fully understand the
questions, fostering a shared understanding. In working with
PRO data, an assumption is often made that people have the
same needs, preferences, perceptions, and experiences and will
attach similar importance to items in the questionnaire, thus
leaving no room to capture different additions of value or
uncover nuances [4]. The quantitative part of PRO data operates
within a set of assumptions about the world, which states that
the standardized numerical score is the objective representation
of the respondents’ health status and health-related quality of
life, independent of an individual’s unique life story [4].

For both clinicians and patients, it may be difficult to understand
the meaning of PRO data when they are presented as values.
Patients often prefer visual representations, such as bar charts
and line charts, which prove useful for quick comprehension
and comparisons over time [6]. However, the accuracy of
interpretation is closely tied to the individuals’prior knowledge
of these graphical representations [6].

Graphical presentations may be a challenge. Grossman et al [7]
highlighted that individuals lacking prior knowledge of bar
charts struggled to interpret them accurately. Furthermore, health
literacy plays a crucial role in correct interpretation, with studies
suggesting that patients with lower health literacy may find it
challenging to grasp the longitudinal nature of PRO data [8].
There is a notable correlation between educational level and
accurate interpretation, along with age-related difficulties in
correctly interpreting graphic representations of PRO data [6,9].
Patients generally, regardless of educational level, prefer
less-complex presentations of PRO data, but a correlation has

been demonstrated between age and accurate interpretation,
where patients aged >65 years had substantially more difficulty
interpreting graphic representations of PRO data correctly [6,9].
In Denmark, 1 in 5 individuals is aged >65 years [10], which
means that a relatively large proportion of all individuals will
potentially have difficulty interpreting PRO data.

The use of traffic light colors, that is, green, yellow, and red,
in representing PRO data adds another layer of complexity.
While this method increases accuracy in interpretation across
various graphical representations [6,11], it is not foolproof and
93% of patients in a study population were able to correctly
interpret the meaning of traffic light colors [6]. Despite this
visual aid, there remains a need for additional descriptive
explanations to enhance understanding [9].

Patients’and health care professionals’perceived understanding
of graphically presented PRO data often exceeds their actual
comprehension [9]. In addition, studies indicate that there may
be a discrepancy between patients’ preferred form of
visualization and the form of visualization they can interpret
with the highest accuracy [9].

Patients may also view the use of PRO data in treatment as
impersonal and nonbeneficial for the relationship between
themselves and their clinicians because they experience that the
focus shifts from their own perspective to quantitative goals
[12]. This perspective highlights the significance of maintaining
a patient-centered approach.

A Common Understanding of PROs
When patients and clinicians collaborate on data interpretation,
potential errors may arise due to questionnaire misinterpretation.
This divergence in understanding creates a need for a common
language or understanding of the representations of colors,
figures, or text. A challenge is that patients and clinicians
possess distinct cognitive frameworks influencing their actions
and comprehension [13]. Data interpretation involves
understanding available data, extracting information, and
supplementing it for comprehensive comprehension [13].
Clinicians are shaped by a positivist background and may differ
from patients in cognitive approaches, impacting data
interpretation. When PRO data are translated into quantitative
targets, it may be unclear what data have been made available
and what information can be extracted. Patients provide a wide
range of data, but data visualization often only includes part of
these data.

Despite psychometric validation, there is a need to address
discordance in individual interpretations of PRO data.
Discordance reasons include word interpretation mismatches,
evolving patient circumstances, and differing expectations [14].
Awareness of these differences is crucial in interpreting PRO
data [14]. PRO tools vary in complexity, leading to further
potential errors if patients lack an accurate understanding. A
study found that only 11% of 59 PRO questionnaires are
readable by the average UK adult [15], emphasizing the need
for a patient-clinician dialogue to enhance understanding and
decision-making [5]. Numerical scores derived from PROs can
represent a person’s health status or health-related quality of
life to a limited extent because some of the narrative is lost
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along the way. In the representation of PRO data, there is a need
to be able to give meaning to individual experiences [4].
Positivism argues that knowledge should be based on the
objective world via empirically verified causal explanations
based on “positive” facts and not on abstract inferences;
however, according to Meadow [4], we cannot understand the
patient if we do not also try to understand subjective and
emotional meaning.

PROs as Text Vignettes
One approach to a more understandable and personalized
representation of data about a group of patients or individuals
is vignettes created based on a combination of clustered data,
which are enriched with sociodemographic characteristics and
interviews with individuals representing these clusters. An
example of this is the Optimizing Health Literacy and Access
(OPHELIA) process, where issues related to health care access
and engagement are identified and addressed [16,17]. This way
of creating data-informed text vignettes is a powerful tool to
provide clinicians and policy makers with insights into a more
detailed description of archetypes of patients [18]. In this way,
text vignettes play a pivotal role in providing a nuanced
understanding of the perceived status of various subgroups of
patients in a specific context or area. The primary aim is to bring
to life the “person behind the numbers,” referring to PRO scores,
addressing the challenge of visualizing the individuals behind
the statistical data. To the best of our knowledge, this has not
yet been done at the level of individuals by creating
person-specific text vignettes.

In this study, inspired by the OPHELIA process, we will explore
whether text vignettes can be developed from more structured
text inputs and how this work can be advanced to create text
vignettes that can be used at the individual level, rather than at
the group level, to present personalized texts that reflect each
patient’s perception of their condition. The study uses the
Readiness and Enablement Index for Health Technology
(READHY)  [19] ,  which  covers  3  key
themes—self-management, social capital, and digital health
literacy. This instrument was selected because, as its developers,
we have extensive experience with its performance, and its
design makes it well suited as a PRO tool for telehealth services.
The study demonstrates the process of converting psychometric
instrument scales into data-informed text vignettes, highlighting
the challenges and implications to consider for ensuring
understanding and relevance for both patients and clinicians.

Objectives
This study aimed to develop data-informed text vignettes based
on data from the READHY instrument as another way of
representing PRO data and to examine how these are perceived
as understandable and relevant for both patients and clinicians.

Part 1 Introduction: Generating Vignettes Based on
READHY Clusters Enriched With Sociodemographic
Data
This part is a proof of concept, where cluster-based profiles
were created to help develop representatives of characteristics
of a patient population divided into subgroups. This enabled us
to work with materials based on real-life data varying with

respect to the 13 scale scores. This has provided insights into
how dimension names can be phrased for text vignettes without
a systematic approach, while also helping us establish a shared
understanding of the OPHELIA [16] principles. These principles
were operationalized in a data-informed manner, bridging the
previously reported qualitative approach with a more
quantitative-based methodology.

Part 2 Introduction: Creation of Text Strings and
Testing of Meaning in Vignettes
In part 2, scale-based text strings describing the different
dimensions measured in READHY were developed through a
series of iterations. These were then combined into
comprehensive text vignettes profiling the participants. For this
process, the upper threshold was adjusted from 2.50 to 2.70
based on data from the study by Kayser et al [20]. The vignettes
were continuously refined through cognitive interviews to
evaluate and improve the participants’understanding and ability
to comprehend the content.

Part 3 Introduction: Applicability of Text Vignettes
in a Clinical Setting
The text strings iteratively created and validated in part 2 served
as the foundation for the work in part 3. In part 3, the focus
shifted to testing the applicability of individual text vignettes
within a clinical setting. The emphasis was on how meaningful
and relevant these text vignettes were in a setting involving both
patients and clinicians within a telehealth service, where the
READHY instrument was suitable as a PRO instrument. The
clinical setting included here was the same as the one used to
gather data for part 1.

Methods

Overview
The study comprises 3 parts, each building upon the previous
one. In part 1, which was inspired by the OPHELIA process
[16], the READHY instrument was administered to individuals
living with chronic obstructive pulmonary disease (COPD).
Data gathered from this group of participants served as the
foundation for generating 4 clusters, which were characterized
by high, intermediate, and low levels of the 13 READHY scales,
which together with another Health Literacy Questionnaire
(HLQ) scale, “actively managing my health and
sociodemographics”, were used to develop a proof of concept
of how data-informed text vignettes could be used to illustrate
the quantitative data qualitatively to better understand profiles
of user groups. The text vignettes in part 2 were crafted as
narratives, emphasizing the group’s high or low scores. This
approach created profiles that highlighted their resources and
barriers. In part 2, we expanded on the idea by constructing
scale-specific strings for each of the 3 levels for each scale in
READHY. The text strings were created to constitute a list of
variables, which in a later process could be combined based on
an algorithm to form the text vignettes. This computer-based
combination of the text strings is beyond the scope of this study
that only addresses the development of our concept up to a
technology readiness level of 3 [21]. Text vignettes are
consequently created by manually combining the text strings.
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In this process, the text strings were evaluated for clarity and
understanding through multiple iterations of cognitive interviews
with a diverse set of participants. In part 3, the refined
scale-based strings were combined manually, informed by the

2 patients’ READHY scores, into individual text vignettes,
which were presented to clinicians and patients for assessment
of their understanding, relevance, and recognizability (Figure
1).

Figure 1. Flowchart: the 3-part process for examining the use of text vignettes. COPD: chronic obstructive pulmonary disease; READHY: Readiness
and Enablement Index for Health Technology.

Setting and Population
The setting for the reported activities was in part 1 and part 3
of a telehealth service, PreCare [22], which provides 24-7 access

to a response and coordination center manned with registered
nurses and backed up by an e-doctor. PreCare is organized based
on the Epital care model [22,23]. The participants in part 2 were
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recruited broadly among individuals in the eastern part of
Denmark and clinicians not currently working in telehealth.

Participants

Part 1
The participants were 46 adults living with COPD, with a mean
age of 74.4 (SD 6.8; range 59-91) years. They were patients
recruited by convenience sampling from the European
Commission funded project Smart Inclusive Living
Environments, were enrolled in the PreCare project in Region
Zealand, and were diagnosed with different severity levels of
COPD [24]. The inclusion criteria were a COPD diagnosis and
being active in the PreCare project. The patients should be able
to understand and communicate in Danish.

Part 2

Individuals

A total of 11 individuals were recruited using a snowball
technique in the Capital Region of Denmark and Region
Zealand. Initially, 3 members of interest were identified and
approached within their local areas. These individuals were then
asked to refer others in their community who might be willing
to participate. With their consent, we received the necessary
contact information and subsequently reached out to the referred
participants by phone to arrange their involvement in the study.
The inclusion criteria for individuals’ participation was that
they had to be aged >18 years, able to understand Danish,
capable of giving informed consent, and able to complete the
READHY instrument, with assistance if needed (ie, the ability
to read and write independently was not a criterion). The first
3 recruited individuals resided in the metropolitan area, had
medium-length higher education (International Standard
Classification of Education level 6-7) [25], and had an average
age of 53 (SD 12.36) years. This group was expanded to include
8 participants, aged between 36 and 86 years, from the capital
region, Lolland, and Jutland with educational backgrounds
ranging from International Standard Classification of Education
level 4 to 6 [25] to attain a more diverse and comprehensive
perspective.

Clinicians

A total of 4 clinicians were also recruited using a snowballing
technique. Initially, 3 clinicians were approached, but not all
expressed interest in participating. These contacts referred to
others, and with their consent, we obtained their contact
information and contacted them. The clinicians who participated
in the interviews were 1 registered nurse, 2 physicians, and 1
professional with a master’s and PhD degree in biomedicine.

Of the 4 physicians, 2 (50%) had prior knowledge of READHY
as active researchers using the instrument. All physicians were
involved in professional settings related to digital health in
patient care, and they were all familiar with PROs.

Part 3
A total of 3 registered nurses and 2 patients from the PreCare
clinic were interviewed about the understanding, recognizability,
and relevance of individual text vignettes in a clinical setting.

The 2 patients, a woman aged 75 years and a man aged 80 years,
lived in the region where the PreCare project is based. They
were selected by PreCare staff based on the following inclusion
criteria: a COPD diagnosis, active participation in PreCare, the
ability to understand and communicate in Danish, clinic
enrollment at the time of data collection, and prior consent
through PreCare as well as informed consent specifically for
this study. A total of 3 (75%) of the 4 nurses in PreCare were
available for interviews.

Application of the READHY Instrument
READHY is a validated PRO instrument that combines several
aspects of PROs to illuminate experienced support, digital health
literacy, and coping with everyday life in relation to one’s health
[19]. The tool focuses on aspects of knowledge and skills related
to health; self-care, disease, and health-related mindset;
experiences with health technology and the individual
understanding of these; as well as the extent to which users feel
supported by relatives and health care professionals [19].

READHY has been used to identify different health technology
readiness profiles within different patient groups, such as
patients living with type 2 diabetes and patients with cancer
[26,27].

READHY consists of 65 items comprising 13 dimensions or
scales. The 13 scales are selected from 3 PRO instruments. Four
scales are from the Health Education Impact Questionnaire
(heiQ), which evaluates the effect of health education
interventions on self-care [28]. These address aspects of
self-management with relevance for a digital health context,
such as insights and attitudes. Two scales from the HLQ, which
assesses health literacy, including support from relatives, peers,
and health professionals [29], and all 7 scales from the eHealth
Literacy Questionnaire (eHLQ), which address patients’ digital
health literacy, were included [30]. The eHLQ informs about
knowledge, skills, motivation, perceptions, and experiences in
relation to digital health. The 13 dimensions of READHY,
which correspond to its 13 scales, are presented in Textbox 1.
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Textbox 1. The 13 dimensions of the Readiness and Enablement Index for Health Technology framework.

• Health Education Impact Questionnaire (heiQ) 3: self-monitoring and insight

• heiQ4: constructive attitudes and approaches

• heiQ5: skill and technique acquisition

• heiQ8: emotional distress

• Health Literacy Questionnaire (HLQ) 1: feel understood and supported by health care providers

• HLQ4: social support for health

• eHealth Literacy Questionnaire (eHLQ) 1: using technology to process health information

• eHLQ2: understanding of health concepts and language

• eHLQ3: ability to actively engage with digital services

• eHLQ4: feel safe and in control

• eHLQ5: motivated to engage with digital services

• eHLQ6: access to digital services that work

• eHLQ7: digital services that suit individual needs

The READHY instrument uses a 4-point response scale for all
items in the instrument [19], where 1 represents strongly
disagree, 2 represents disagree, 3 represents agree, and 4
represents strongly agree. The results are 13 scale scores. For
the scale heiQ8 (emotional distress), which includes 6 items,
the scale is reversed by subtracting the scored value from 5.
This adjustment simplifies interpretation, as higher scores now
correspond to less impact.

Ethical Considerations
Written informed consent was obtained from all participants
after providing information in accordance with the Helsinki II
Declaration, including their right to opt out. Participants did not
receive any salary or reimbursement of costs. Health science
questionnaire surveys and interview studies that do not involve
human biological material (section 14(2) of the Danish Act on
Committees) do not require reporting or approval from the
Danish National Center for Ethics [31].

Part 1 Methods

Data Sampling
The READHY instrument was handed out and collected with
a combination of mail using prestamped envelopes by EKW
and a researcher in PreCare in May 2021. A total number of
120 surveys including the READHY instrument were
distributed.

Cluster Analysis
In managing the READHY data from the 46 patients, clusters
were created using the K-means clustering function in IBM’s
software package SPSS Statistics (version 24) [32]. Three
models were created with 3, 4, and 5 clusters. On the basis of
an evaluation of which cluster model would be most meaningful
from a clinical perspective, a 4-cluster model was selected. The
final cluster constituted 41 valid cases and 5 missing cases out
of the 46 responses. The number of cases in each cluster was
as follows: 16 in cluster 1, 5 in cluster 2, 11 in cluster 3, and 9
in cluster 4.

The cluster data were then used to form the group-based text
vignettes. For each cluster, the 13 scales were initially labeled
with a color indicating whether the level was low, intermediate,
or high. We used arbitrary thresholds informed by a regional
survey, Sundhedsprofilen 2021 [33], which is the region where
the PreCare project is based. All values <2.00 were assigned
red, all values between 2.01 and 2.50 were assigned yellow,
and values >2.50 were given green. This helped us create text
strings that were specific for each of the colors indicating high
or low average scores for each scale and assigning them to the
cluster text vignette. The text strings were created from the
dimension name and informed by the items in the scale.
Additional data from an additional HLQ scale, “actively
managing my health,” and sociodemographic variables, such
as educational level, experience living with, and number of
chronic conditions, were added to the profiles to enrich them
and create personas that were recognizable to the clinicians.

Part 2 Methods

Overview
The overall process for constructing the text vignettes involved
several steps. First, text strings were developed based on the 13
READHY scales, with 3 versions for each scale corresponding
to low, intermediate, and high levels. Next, participants
completed the instrument. The average score for each scale was
then manually calculated from their responses, and this average
score was matched with the corresponding text string for that
scale score. Finally, the 13 text strings were combined into an
individual text vignette. The text strings were combined in a
coherent order, prioritizing readability and clarity, rather than
strictly following the numerical order of the scales. In part 2,
the focus was only on the READHY scales and text vignettes;
therefore, part 2 did not include sociodemographic information,
as these are anticipated to be retrieved from other data sources
such as electronic health records as they are specific at the
individual level.
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Constructing Data-Informed Text Vignettes
The text vignettes were created by combining 13 text strings
into a cohesive PRO profile. Each sentence in the text vignette
corresponds to a specific scale in READHY, describing the
knowledge, skills, and attitudes that the scale items aim to
capture.

Initially, 39 text strings were constructed—3 for each of the 13
READHY scales, representing different levels of knowledge,
skills, or attitudes within each scale. These initial text strings
were closely aligned with the scale names, as the scale names
summarized the experiences the items were designed to
encompass. For example, the scale “self-monitoring and insight”
(heiQ3) assesses an individual’s ability to monitor their health
and their insight into their health [19]. An initial sentence for

this scale might read as follows: “Has good insight into and
control over his/her health and has a constructive attitude and
approach to it.”

The levels are determined based on the average score for each
scale, with 3 categories: level 1 indicates problematic
knowledge, skills, and attitudes; level 2 corresponds to limited
or insufficient knowledge, skills, and attitudes; and level 3
signifies adequate knowledge, skills, and attitudes. To be
classified as level 3, the average score must be >2.7, indicating
agreement or strong agreement with the statement (Table 1).
The cutoffs are estimates defined by the authors and have not
been validated by other parties. However, they have been used
and found relevant in other studies using HLQ and eHLQ scores
[20,33].

Table 1. Breakdown of knowledge, skills, and attitude into levels based on average scores.

Level of knowledge, skills, and attitudesAverage scale scorea

Level 1<2.00

Level 22 to 2.7

Level 3>2.7

aThe cutoffs are author-defined estimates, unvalidated by others but found relevant in studies using the Health Literacy Questionnaire and eHealth
Literacy Questionnaire [20,33].

These 39 text strings are organized in Table 2 with the 13 scales
as rows and the 3 levels as columns. To construct a text vignette,
the appropriate text strings were selected from the table based
on the participant’s average scale score for each scale. The 13

selected text strings were then manually combined into a
coherent text vignette. The initial text strings were revised
throughout part 2 of the study in an iterative process using
cognitive interviews for accuracy and relevance.
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Table 2. Refined text strings based on scores.

Scores >2.70Scores between 2.00 and 2.70Scores <2.00Scale

He/she experiences having good insight
into his/her state of health, with suffi-
cient knowledge of how to deal with
health problems when they arise.

He/she experiences having limited in-
sight into his/her state of health, with
limited knowledge of how to deal with
health problems when they arise.

He/she experiences having insufficient
insight into his/her state of health, with
insufficient knowledge of how to deal
with health problems when they arise.

heiQ3a: self-monitor-
ing and insight

He/she does not find that his/her health
problems limit him/her from enjoying
life.

He/she finds that his/her health problems
limit him/her from enjoying life to some
extent.

He/she finds that his/her health problems
limit him/her from enjoying life.

heiQ4: constructive
attitudes and approach-
es

He/she experiences having sufficient
skills and techniques to deal with health
problems as they arise.

He/she experiences having limited skills
and techniques to deal with health prob-
lems as they arise.

He/she experiences having insufficient
skills and techniques to deal with health
problems when they arise.

heiQ5: skill and tech-
nique acquisition

He/she generally experiences no emotion-
al distress due to his/her health.

He/she generally experiences a bit of
emotional distress due to his/her health.

He/she generally experiences a high de-
gree of emotional distress due to his/her
health.

heiQ8: emotional dis-
tress

He/she feels adequately understood and
supported by his/her social network.

He/she feels only partially understood
and supported by his/her social network.

He/she does not feel understood or sup-
ported by his/her social network.

HLQ4b: social support
for health

He/she experiences adequate understand-
ing and support from the health care
professionals she/he has contact with and
access to.

He/she experiences limited understand-
ing and support from the health care
professionals he/she has contact with and
access to.

He/she experiences a lack of understand-
ing and support from the health care
professionals he/she has contact with and
access to.

HLQ1: feel under-
stood and supported
by health care
providers

He/she does not experience having
problems understanding information
about health and illness and has enough
knowledge to have conversations with
others about this.

He/she may experience problems under-
standing information about health and
illness and may experience having limit-
ed knowledge to have conversations with
others about this.

He/she experiences having trouble under-
standing information about health and
illness and may experience insufficient
knowledge to have conversations with
others about this.

eHLQ2c: understand-
ing of health concepts
and language

He/she has sufficient knowledge about
how he/she can use technology to take
care of his/her health.

He/she finds that he/she has limited
knowledge about how he/she can use
technology to take care of his/her health.

He/she finds that he/she has have insuffi-
cient knowledge about how he/she can
use technology to take care of his/her
health.

eHLQ1: using technol-
ogy to process health
information

He/she has good knowledge of how to
use technology and can navigate health
systems easily.

He/she has limited knowledge of how to
use technology to navigate health sys-
tems.

He/she has insufficient knowledge of
how to use technology to navigate health
care systems.

eHLQ3: ability to ac-
tively engage with
digital services

He/she experiences having sufficient
access to digital health systems that work
and can be accessed by himself/herself
and others who need it.

He/she experiences having limited access
to digital health systems that work and
can be accessed by himself/herself and
others who need it.

He/she experiences insufficient access
to digital health systems that work and
can be accessed by himself/herself and
others who need it.

eHLQ6: access to dig-
ital services that work

He/she believes that digital services can
adequately adapt to his/her needs.

He/she believes that digital services can
adapt to his/her needs to a limited extent.

He/she believes that digital services are
insufficiently able to adapt to his/her
needs.

eHLQ7: digital ser-
vices that suit individ-
ual needs

He/she finds that technology is sufficient-
ly useful and helps them keep up with
and take care of his/her health.

He/she finds that technology is helpful
to a limited extent and helps him/her
keep up with and take care of his/her
health.

He/she finds that technology is insuffi-
ciently helpful and helps him/her keep
up with and take care of his/her health.

eHLQ5: motivated to
engage with digital
services

He/she feels comfortable with how
his/her health data are used by others.

He/she feels partly uncomfortable with
how his/her health data are used by oth-
ers.

He/she feels uneasy about how his/her
health data are used by others.

eHLQ4: feel safe and
in control

aheiQ: Health Education Impact Questionnaire.
bHLQ: Health Literacy Questionnaire.
ceHLQ: eHealth Literacy Questionnaire.

Data Sampling and Analysis
Data collection involved conducting cognitive interviews with
each participant to validate the individual text vignettes
developed from the individuals’ READHY responses. These
interviews allowed for iterative feedback and refinement of the
text string to ensure their coherence and relevance. The analysis

focused on identifying and addressing any issues in
understanding and meaningfulness of the text strings and
vignettes.

Iterative Validation of Data-Informed Text Vignettes
The text strings were validated through cognitive interviews
with individuals and clinicians in an iterative process. Cognitive
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interviews, often used for validating questionnaires, involve
participants “thinking out loud” by verbally reporting their
mental activity while engaging with an item in a questionnaire
[34,35]. These interviews are conducted using a semistructured
approach, with in-depth sessions where participants read a text
vignette aloud and provide feedback by sharing their thoughts
and insights throughout the process.

The interviews were conducted in 2 stages: first with individuals
and then with clinicians. Before each individual’s interview,
they completed READHY, which was then used to create
individual text vignettes. Each individual was presented with a
full vignette, created based on their previous responses, to gather
feedback on both individual text strings and the vignette as a
coherent whole, evaluating its clarity and personal relevance.

After each interview, the data were analyzed individually to
identify issues in the understanding and meaningfulness of the
text vignettes. These individual findings were then aggregated
across interviews to identify recurring problems, leading to
adjustments of the text vignettes.

The iterative process included multiple stages of feedback
incorporation. The first iteration considered feedback from 3
participants, with subsequent iterations incorporating feedback
from additional participants—3 in the second and third iterations
and 2 in the fourth.

Identified problems were categorized informally into 4 groups:
scale-specific wording changes, need for further specification,
issues with text vignette setup, and difficulties in answering the
instrument [34].

Once all individual interviews were completed and the text
vignettes and algorithm were adjusted, clinicians were
introduced to the revised vignettes. The assignment of vignettes
to clinicians was random, as they had no prior knowledge of or
relationship with the individuals. Clinicians provided feedback
on these vignettes, which led to further refinements. Each
revised version was then presented to subsequent clinicians for
additional input, ensuring that the final text was coherent and
well understood.

Part 3 Methods

Data Sampling
First, 2 patients completed the instrument. From their responses,
2 individual text vignettes were constructed using the same

method as applied in part 2. The average scale scores were
calculated for each scale, and the scale score was then matched
with the final adjusted corresponding sentence (Table 2).
Afterward, the 13 text strings were combined to create an
individual text vignette. These text vignettes were then presented
to the 3 clinicians in 3 individual semistructured interviews
designed to explore the text vignettes within an actual clinical
environment and gain the clinicians’perspective. Each clinician
was presented with 1 text vignette. Because all clinicians were
somewhat familiar with booth patients, the specific vignette
used in the interviews was randomly chosen based on which
vignette was completed at the time of the interview.

Patients were also interviewed individually to assess their
recognition of themselves in their text vignettes and whether it
made sense for them in a clinical environment. However, the
primary focus in part 3 was on the clinicians. Patient interviews
were conducted via phone at the request of both patients. The
interviews were recorded with consent and later transcribed.

The unique aspect lies in its exploration of text vignettes within
clinical contexts, focusing on clinicians who interact with the
patients described, and incorporating insights from their practical
experience.

Analysis
Two interview guides were prepared, 1 for patient interviews
and 1 for clinician interviews (Multimedia Appendix 1). These
questions were grounded in the central inquiry: How can text
vignettes generated by PRO data, as an alternative or supplement
to traditional quantitative representations, improve dialogue
and understanding between clinicians and patients regarding
PROs?

All interviews were analyzed using qualitative content analysis
using inductive coding to identify and describe patterns,
categories, and meanings within the data [36]. The analysis was
conducted using NVivo software (version 12.4.0; Lumivero)
[37]. From the coding process, 4 main categories emerged:
“recognition and confirmation,” “challenges with context and
conceptual understanding,” “one size does not fit all,” and
“reflections on using text vignettes.”

An example of a text vignette, as presented to both clinicians
and patients, is shown in Textbox 2 (translated by the authors).
This vignette is based on one of the patient’s responses to the
READHY instrument.

Textbox 2. Text vignette based on Readiness and Enablement Index for Health Technology.

She experiences having limited insight into her state of health, with limited knowledge of how to deal with health
problems when they arise.

She finds that her health issues to some extent limit her from enjoying life.

She experiences having sufficient skills and techniques to deal with health problems as they arise and generally,
experiences no emotional distress due to her health.

She feels adequately understood and supported by her social network and experiences adequate understanding and
support from the healthcare professionals she has contact and access to.

She experiences having trouble understanding information about health and illness and may experience insufficient
knowledge to have a conversation with others about this.
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She finds that she has insufficient knowledge about how she can use technology to take care of her health and has
insufficient knowledge of how to use technology to navigate healthcare systems.

She experiences having sufficient access to digital health systems that work and can be accessed by herself and others
who need it, and that digital services can adequately adapt to her needs.

She finds that technology is helpful to a limited extent and helps her keep up with and take care of her health.

She feels comfortable with how her health data is used by others.

Results

Part 1
Four clusters with various levels of high, intermediate, and low
average scores of scales within self-management, social capital,
and digital health literacy were created (Table 3).

The mean value for each scale was presented for each of the 4
clusters that were informed. Values considered to represent a
problematic level were indicated in red (<2.00), values
considered to be below a sufficient level were indicated in
yellow (2.00-2.50), and values considered to represent a
sufficient level were represented in green (>2.50).

Table 3. Stratification using the Readiness and Enablement Index for Health Technology.

Cluster 4 (n=9)Cluster 3 (n=11)Cluster 2 (n=5)Cluster 1 (n=16)Metric (mean values)

3.113.133.662.98heiQ3a: self-monitoring and insight

3.462.763.282.81heiQ4: constructive attitudes and approaches

3.112.843.152.65heiQ5: skill and technique acquisition

3.122.132.762.50heiQ8: emotional distress

3.443.403.702.78HLQ1b: feel understood and supported by health care providers

2.682.923.402.68HLQ3: actively managing my health

3.332.903.592.83HLQ4: social support for health

2.031.893.922.78eHLQ1c: using technology to process health information

2.772.823.962.85eHLQ2: understanding of health concepts and language

2.651.993.962.95eHLQ3: ability to actively engage with digital services

3.182.954.002.97eHLQ4: feel safe and in control

2.602.113.922.85eHLQ5: motivated to engage with digital services

2.972.423.962.86eHLQ6: access to digital services that work

2.682.043.802.78eHLQ7: digital services that suit individual needs

aheiQ: Health Education Impact Questionnaire.
bHLQ: Health Literacy Questionnaire.
ceHLQ: eHealth Literacy Questionnaire.

On the basis of the thresholds, a focused text vignette was
constructed almost as a narrative for each cluster together with
key sociodemographic characteristics to create 4 text vignettes,
wherein each represented an archetype of the profile—termed
a “persona” (Multimedia Appendix 2). To simplify the
information in this initial phase, only scales with high (initial
green color) or low (initial red) average scores (>2.50 or <2.0)
were included in the text vignettes, thereby creating focused
text vignettes highlighting potential areas of barriers and
resources.

EKW and LK then presented these text vignettes to colleagues
in the Smart Inclusive Living Environments project. On the
basis of the insights gained from the proof of concept with text
vignettes at group or personal level, it was decided to proceed
to part 2, focusing on the development of structured text strings
that encompass high, intermediate, and low average score levels.

Part 2
A total of 39 initial text strings were created, with 3 strings for
each of the 13 READHY scales, reflecting different levels of
knowledge, skills, or attitudes within each scale. These text
strings were designed to align with the scale names, which
summarize the relevant experiences. The initial text strings are
included in Multimedia Appendix 3.

Immediate feedback from the first 3 participants indicated that
they could easily recognize themselves in the text vignettes,
found them meaningful, and saw how their responses were
reflected in them.

In the first iteration of text vignette validation, participants
largely recognized themselves but identified issues related to
the structure of the text vignettes and the completion of the
instrument. Feedback included suggestions to revise lengthy
sentences and reduce academic language, with specific terms
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such as “health professionals” and “health-related concepts”
being difficult to understand. Participants also struggled with
the term “technology” used in the text vignette, such as in the
description of scale eHLQ3.

On the basis of cognitive interviews, “healthcare providers”
was changed to “healthcare professionals” and “health-related
concepts” was simplified to “information of health and illness.”
The order in which the scales were presented was also slightly
changed. The order of HLQ4 and HLQ1 was adjusted to create
a more natural flow when reading through the vignette.
Similarly, the eHLQ items were reordered to enhance the
coherence of the vignette.

In subsequent validation iterations, feedback was generally
positive, with individuals finding the text vignettes
understandable and recognizable. However, they struggled more
with areas where they rated themselves as limited or insufficient.
Some participants mentioned difficulties with the questionnaire
due to the lack of a “don’t know” option and noted that terms
such as “insufficient” felt too academic and unrepresentative
of their self-view. The term “digital services” was also revised
to “digital health services” to clarify its meaning. Participants
suggested that discrepancies in text vignette descriptions might
stem from specific episodes rather than their general
experiences, and some participants requested more precise
wording to better reflect their experiences. During iterations
and refinement based on feedback, the understandability and
recognizability of the vignettes improved, with individuals
having an overall positive view of the text vignettes after final
refinement.

The clinicians had a generally positive view about the generated
READHY text vignettes. Feedback emphasized the need for
clarity in highlighting that the text vignettes were based on a
PRO instrument. The length of the text vignettes had mixed
reviews. Feedback suggested categorizing content into
taxonomic groups. The language was too academic, and
adjustments had to be made to align with the instrument.

Clinicians see the value of using the text vignettes at the
population level, allowing for generalization and description of
specific populations based on competencies and characteristics.
However, the current format may not be suitable for
individual-level use, as it offers a simplified representation for
personalized interaction. On the basis of input received from
all participants, the strings were refined. The refined text strings
are presented in Table 3 (translated from Danish to English by
the authors). In the context of this study, we have used gender
pronouns, but they should be adjusted to ensure relevance and
significance within the context and setting.

Part 3
There was a positive attitude among the clinicians and patients
toward the text vignette format and this way of presenting and
communicating PROs. The clinicians experienced being able
to recognize patients in the text vignettes, and patients
experienced being able to recognize themselves in their text
vignettes. Although the text vignette format does not necessarily
meet the specific needs, the textual presentation makes the

information from PROs more accessible in an understandable
way for both clinicians and patients.

There are different preferences for how dynamic the tool should
be. Some prefer to select only specific dimensions, while others
believe that the strength of the text vignettes comes from them
providing the full picture insights and exposing possibly
overlooked aspects. Clinicians who favor the text vignette
suggest that color coding as a supplement to the text vignette
would be helpful and that a schematic summary would help
with readability, indicating that flexibility in the profile
presentation is needed to accommodate different preferences.
Some prefer text-based representations, while others find visual
presentations more intuitive.

Clinicians may face language and comprehension challenges
due to ambiguity in words and abstract concepts within the text
vignettes. Ambiguity in words and concepts, such as “to some
extent,” leaves clinicians uncertain about the severity of the
patient’s problems. Abstract concepts such as “health” and
“technology” also pose challenges in interpretation. The text
vignettes highlight new angles in patients’ self-perception,
health, motivation, and emotional distress, which clinicians find
crucial.

Opinions differ on whether to highlight strengths or weaknesses.
Some prefer insights into both aspects, while others prefer
focusing solely on the weaknesses that are most likely to be
approved. Clinicians acknowledge the value of using text
vignettes at a population or group level for generalization but
point out some limitations for individual-level use due to
simplified representations. Emphasis on personal dialogue with
patients remains crucial for addressing unresolved questions
and determining personalized interactions.

From the patient’s viewpoint, there is self-recognition and
understanding; however, engaging in discussions about text
vignette representation proves challenging. It is essential to note
that clinicians report based on their experience of interacting
with patients, highlighting the dynamic nature of this interaction
in understanding and interpreting the text vignettes. The
clinician’s insights provide a valuable perspective for
understanding the broader implications of text vignettes in a
clinical setting.

Discussion

Principal Findings
This study presents a process for developing text vignettes based
on PRO data, resulting in the creation of individual vignettes
that incorporate all 13 scales of the READHY framework. The
motivation for the development of these text vignettes was the
challenges associated with presenting PRO data as numeric
values or graphical representations, aiming to provide a clearer
and more engaging way to present and communicate PRO
information.

This findings of this study suggest an overall positive attitude
toward the PRO data–informed text vignette format and this
way of presenting and communicating PROs. Clinicians
experienced being able to recognize patients in the text vignettes,
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and the patient’s experienced being able to recognize themselves
in and understand the text vignettes describing themselves.

Considering the background emphasizing the challenges
associated with graphical representations of PRO data, the
findings suggest that PRO-informed text vignettes are
understandable for clinicians and patients. While the text format
may not perfectly align with all the needs and interests of
clinicians and patients, it presents PRO data in a comprehendible
manner, with the text vignettes presenting a recognizable
description.

Patients’ Perspective
Patients found elements of self-recognition in the text vignettes,
although discussing their representation could be challenging.
It is important to note that text vignettes also face challenges
related to health literacy and differences in understanding, as
highlighted in part 3. These challenges can pose significant
barriers for individuals with low health literacy or those who
cannot read. In such cases, regardless of the presentation format,
additional support, such as reading the vignettes aloud, may be
necessary. However, the written format generally makes the
data more accessible and less complex.

Another potential challenge is that the threshold values used to
select appropriate text strings may result in choices that are not
recognized by the informants. For example, individuals scoring
between 2.00 and 2.70 might not feel limited, or they may
perceive issues in areas not fully captured by the items in a
scale. This issue requires further exploration in future studies
to determine whether scales can be used effectively or whether
a focus on single items is more appropriate, particularly for
those scoring at the extremes. This may be necessary as we
work in the intersection of presenting data from psychometric
valid scales reporting on latent variables and presenting numeric
values as an interpretation of experiences. The patients’
experiences and feelings may sometimes be undermined or
misinterpreted in this process.

Clinicians’ Perspective
The data-informed text vignettes add a candid dimension to the
information, making it directly engaging and allowing for the
capture of new perspectives on patients that clinicians would
not otherwise have focused on, although not all perspectives
are equally relevant. It is especially the aspects of experienced
support and patients’ own knowledge about health and illness
that are important for clinicians to understand and gain
perspective on. There are different preferences among clinicians
regarding the format of the text vignettes; some prefer text-based
representations, while others prefer visual presentations.
Likewise, there are different preferences regarding how dynamic
the text-based tool should be. Some experience a need to be
able to select only specific dimensions, while others believe it
is part of the strength of the vignettes that it presents the full
picture and thus insight into possibly overlooked aspects. This
indicates that there is a need for flexibility in the text vignette
presentation to accommodate different preferences.

Clinical Relevance
Clinicians using text vignettes stress the importance of
technology that effectively addresses practical and
treatment-specific needs. It remains imperative that the
information within text vignettes aligns with the treatment being
offered.

Clinicians emphasize that the central focus should be on
understanding the condition and enabling patients to lead
fulfilling lives. Reading the text vignettes prompts clinicians to
reflect on aspects that may have been previously overlooked,
serving as a reminder of the critical need for clinical relevance
in any work involving PROs. It underlines that for PROs, and
indeed text vignettes, to realize its full potential in creating
value, it must align with the clinical context and be relevant to
clinical practice.

A More Straightforward Representation of PROs
In addressing some of the challenges with the quantitative
representation of PROs, the use of text vignettes allows for a
deeper understanding of PROs. Text vignettes recognize the
complexities of patients’ experiences and provide a broader
perspective. This approach prevents reducing patients to just
numerical data, offering instead a more comprehensive view of
an individual’s health. The text vignettes are presented in an
understandable and consistent format, with transparency about
how the collected information is applied. This transparency is
crucial for patients’effective use of PROs [38]. By transforming
complicated numerical data into a clearer and more coherent
text format, text vignettes offer a direct representation that
ensures patients and clinicians can grasp details without relying
on prior knowledge of graphical presentations. This textual
format encourages conversation, minimizes ambiguity, and
fosters dialogue for a better understanding of individual
experiences.

Promoting Dialogue for Mutual Understanding
A data-informed text vignette is not a universal solution, but
rather an approach with both advantages and disadvantages that
must be weighted and adapted to individual preferences and
needs and that requires a more dynamic approach to meet needs.
Recognizing these challenges suggests a need for meaningful
conversations between patients and clinicians about aligning
their understanding at a conceptual level. Such discussions offer
a chance to clarify word meanings and ensure a common
understanding of the patient’s experiences. This approach is
essential for accurate and meaningful communication between
patients and clinicians, ultimately improving the quality of care
and treatment. Clinicians and patients may have different
perspectives on what the patient reports in the PRO instrument.
An example is how HLQ scores were not perceived in the same
way by patients and their physicians, with a disconcordance
ranging between 20% and 44% in the 9 HLQ scales [14].
Translating the data into text vignettes may ease the conversation
and help identify these disconcordances for other PRO data
also, ease the alignment of expectations, and provide a common
understanding of the patient perspective.
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Bias Concern
Clinicians are generally receptive to text vignettes and the
insights they provide. Many clinicians feel that the text vignettes
offer a strong sense of the patients before any direct contact is
made. However, clinicians also express concerns that the text
vignette may make them biased in their encounter with the
patient, which may affect their ability to understand and treat
the patient objectively. It emphasizes the necessity of acquiring
proficiency in tool use, particularly when presenting information
in a text format. Being mindful of potential biases becomes
central, especially in a context where the text vignette format
might intensify the impact. This highlights the importance of a
nuanced and skillful application of the tool, recognizing that
biases are not exclusive to text vignette representation but should
be carefully navigated, especially when conveyed in a
confrontational textual manner.

Strengths and Limitations
A strength of this study lies in the stepwise process of creating
a dataset using a validated instrument, followed by data
triangulation. This process is based on iteratively developed
text lines that can be combined into cohesive text vignettes,
forming complete paragraphs. The cocreation with individuals,
people living with a chronic condition, municipalities,
hospital-based clinicians, and 1 general practitioner helps ensure
the validity and meaningfulness of the proposed solution.

The number of participants in each of the 3 parts may be
considered a limitation. In part 1, convenience sampling was
used among participants active in a telehealth service and was
limited by availability. We do not find this to be a problem for
the presented results, as we were able to create 4 profiles and
personas that are meaningful and can serve to illustrate the
principles used as background for parts 2 and 3. The number of
participants in part 2 was determined through concurrent
evaluation during data sampling. When the inclusion of
additional informants no longer contributed new information,
the sampling process was considered complete. By including
data from 2 distinct sociodemographic areas, we aimed to
capture a range of perspectives. On the basis of these arguments,
we found the number to have sufficient information power for
a proof-of-concept study [39]. This is also supported by most

of the participants finding the text vignettes understandable and
recognizable.

In particular, in part 3, the number of patients is likely to be too
small, but we have included this part to illustrate how clinicians
who are familiar with the patients respond to the text vignettes
describing them. The findings need to be assessed in this light.
Moreover, the results may differ from those that will be obtained
using PRO data instruments that are developed for clinical
purposes, such as European Organisation For Research And
Treatment Of Cancer [40], The World Health Organization-Five
Well-Being Index [41], or European Quality of life–5
Dimensions [42].

Perspective
The study has used the READHY instrument to demonstrate
how data-based text vignettes can help to understand patients
and align expectations about what the data tell. During the field
studies and in discussions afterward, we have received
expressions of interest in setting up algorithms to convert other
established PRO data results into text vignettes. This calls for
abundant work in this field in collaboration with several PRO
instrument owners and distributors, and we welcome
collaboration in this field. It also calls for atomization
programming interfaces that build on the proposed structures
with filters based on cutoff values combined with generative
artificial intelligence to refine the created text vignettes.

Conclusions
The study demonstrates how text vignettes can be developed
using PRO instruments, with individual scales as input strings.
This provides an opportunity to present numeric values in a text
format that is understandable and recognizable to most patients
and clinicians. Some clinicians prefer text vignettes to other
forms of presentations and find them especially useful in
establishing a better understanding of a patient before initial
contact. However, language and the arrangement of text
vignettes can present challenges, underscoring the need for
adaptation to specific needs and clinician training to ensure
accurate interpretation of the text vignettes. Different
preferences for text vignette formats highlight the need for a
more dynamic and adaptable tool that can cater to individual
needs and preferences.
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Abstract

Background: Health care institutions face high systemic risk due to the inherent uncertainty and complexity of their operations.
This often leads to stressful incidents impacting the well-being of health care professionals, which can compromise the effectiveness
of health care systems. Enhancing resilience among health care professionals is essential for maintaining high-quality care and
ensuring patient safety. The role of middle managers is essential to ensure the response capacity of individuals and teams.

Objective: This study aims to develop a web-based intervention aimed at middle management to enhance individual, team, and
organizational resilience.

Methods: An observational study was conducted in 3 phases: design, validation, and pilot study. The study was initiated in
February 2022 and concluded in June 2023. Phase 1 involved designing the content for the web-based tool based on a comprehensive
review of critical elements around resilience. Phase 2 included validation by an international panel of experts who reviewed the
tool and rated it according to a structured grid. They were also encouraged to highlight strengths and areas for improvement.
Phase 3 involved piloting the tool with health care professionals in Ecuador to refine the platform and assess its effectiveness. A
total of 458 people were invited to participate through the Institutional Course on Continuous Improvement in Health Care Quality
and Safety offered by the Ministry of Public Health of Ecuador.

Results: The tool, eResiliencia, was structured into 2 main blocks: individual and team resilience and organizational resilience.
It included videos, images, PDFs, and links to dynamic graphics and additional texts. Furthermore, 13 (65%) of the 20 experts
validated the tool, rating content clarity at an average of 4.5 (SD 0.7) and utility at an average of 4.7 (SD 0.5) out of 5. The average
overall satisfaction was 9.3 (SD 0.6) out of 10 points, and feedback on improvements was implemented. A total of 362 health
care professionals began the intervention, of which 218 (60.2%) completed preintervention and postintervention questionnaires,
with significant knowledge increases (P<.001). Of the 362 health care professionals, 146 (40.3%) completed the satisfaction
questionnaire, where overall satisfaction was rated at an average of 9.4 (SD 1.1) out of 10 points.

Conclusions: The eResiliencia web-based platform provides middle managers with resources to enhance resilience among their
teams and their components, promoting better well-being and performance, even under highly stressful events. Future research
should focus on long-term impacts and practical applications in diverse clinical settings.

(JMIR Hum Factors 2025;12:e67263)   doi:10.2196/67263
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Introduction

Systemic Risk
Health care institutions are considered high-reliability
organizations due to the inherent systemic risk associated with
the activities they conduct [1]. Uncertainty and complexity,
inherent in health care delivery along with other factors,
contribute to the occurrence of higher stressful incidents that
sometimes result in harm (adverse events) [2]. Health care
professionals are exposed almost daily to stressful situations
that can deteriorate their occupational well-being, thus
compromising the effectiveness of health care systems [3]. In
addition, the impact and demands stemming from unexpected
health outcomes and health care crises further exacerbate this
situation. Ultimately, the post–COVID-19 pandemic period has
underscored a reality that has always existed but has not been
adequately addressed until now: the well-being of health care
professionals is a necessary condition to ensure the effectiveness
of health care systems and the quality of care [4].

Professional Well-Being
In clinical contexts, situations with the potential to deteriorate
the well-being of professionals are varied. These situations can
range from those related to patient safety, such as near-misses,
poor prognoses, unexpected health outcomes, a patient’s
deteriorating condition, preventable and unavoidable adverse
events, and the unexpected death of a patient, to those more
associated with working conditions or structural factors. These
include a lack of resources, high care pressure, elevated staff
turnover, increased demand, violence against professionals, and
moral injury. They can have an emotional impact on
professionals, which affects their habits, practices, or clinical
decisions [5]. When this behavior change occurs in the undesired
direction, we may encounter defensive practices, burnout, or
detachment that often entail assuming unnecessary risks for the
patient and additional costs for the system [6,7].

Vicious Cycle
Even in the absence of behavioral change, the loss of
professional well-being is accompanied by an exponential
increase in the risk of human error in patient care, leading to
lower performance and a deterioration in the quality of care
provided to patients [8]. This worsening of outcomes can, in
turn, contribute to the occurrence of new errors and safety
incidents. Thus, we find workers in a vicious cycle where the
loss of well-being, the inability to regain balance and face
stressful situations, and the quality of care are intimately related
[5,9]. Hence, preserving and enhancing the resilience of
professionals is a key element in ensuring the proper functioning
of health care systems, the quality of care, patient safety, and
achieving better health outcomes [10].

Resilience
Resilience refers to the ability of individuals, teams, and
organizations to adapt, recover, and grow in the face of stress,
adversity, and challenging circumstances [11]. In the context

of health care, it enables professionals to maintain their
well-being and continue to provide high-quality care despite
the inevitable challenges they encounter. This not only benefits
the individuals themselves but also enhances the safety and
effectiveness of care provided by health care teams [12].

Individual Differences
In addition to the inherent risk in health care activities, other
cultural aspects can also be a source of distress for health care
professionals and may even constitute a barrier to the process
of recovering well-being once it has been compromised and are
also directly related to values. From an individual perspective,
health care professionals share a set of ideals focused on doing
good and prioritizing the well-being of others. While these ideals
are desirable for good performance, their rigid application in
critical situations can intensify distress or hinder constructive
coping and professional recovery [13].

Organizational Culture
At the organizational level, the institution’s culture plays a key
role in determining how professionals feel, interpret, and cope
with stressful situations. The prevailing professional culture in
the health care sector is characterized by strong ideals of
perfection that often lead to a negative and unconstructive view
of human response, considering someone weak for asking for
help or being unable to cope with a stressful situation.
Understanding these causes allows for designing and
implementing barriers that prevent or reduce the likelihood of
succumbing to stressful situations occurring in the future.

Challenge
The World Health Organization has incorporated resilience in
health care systems into the Global Patient Safety Action Plan
2021-2030 through strategy 2.4: providing a strong human factor
and ergonomics-based perspective and contributing to
strengthening the resilience of health care organizations and
clinical practices [14]. This initiative aims to address a basic
need for the proper functioning of health care systems, which
is to take care of those who care.

We intend to address this need not only from a reactive approach
when things go wrong but also by creating resilient teams and
providing middle managers with tools to reinforce the resilience
of professionals, teams, and the health care organization to
ensure their ability to respond to critical situations. We believe
that middle managers, due to their strategic position in the
institution’s structure, are key agents for the development of
resilience at all levels; therefore, the materials of this project
are specifically aimed at this group.

Methods

Study Design
An observational study was developed in 3 phases: development
of the web-based tool (phase 1), validation by experts (phase
2), and piloting with professionals (phase 3; Figure 1). Primary
care and hospital were defined as usual settings for the new tool
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named eResiliencia. The established 8 principles for learning
tools that aim to support the translation of resilience into practice
by Haraldseid-Driftland et al [15] were used. In this study,

resilience in health care was defined as the capacity to adapt to
challenges and changes at different system levels to maintain
high-quality care [12].

Figure 1. Flowchart of project phases and steps.

The study was developed by a core group involving a
multidisciplinary team supported by a panel of international
experts in health administration, occupational safety, and patient
safety. It was initiated in February 2022 and concluded in June
2023.

Phase 1: Development of the Web-Based Tool
To design the content for the web-based tool (phase 1), a
comprehensive search of critical elements reinforcing resilience
was conducted, culminating in a preliminary selection from
among the most frequently cited elements. This included the
revision of reviews and systematic reviews (after 2019) on the
concept of resilience, experimental studies measuring the
effectiveness of recent programs designed to enhance the
resilience of health care professionals, and the content of

different scales for measuring resilience. In particular, this
search was aimed at identifying experiences and successful
strategies [16].

The eResiliencia intervention is built on a robust theoretical
framework that integrates principles of resilience, human
behavior, and organizational adaptability to address the complex
challenges faced by health care systems (Figure 2). This
approach emphasizes strengthening resilience through the
development of 5 essential traits: self-control, which involves
regulating emotions and behavior under pressure; adaptability
or the flexibility to adjust to changes and demands; optimism,
characterized by a positive outlook and confidence in
overcoming challenges; self-sufficiency, reflecting the ability
to independently manage difficulties; and persistence, the
sustained effort to persevere in the face of adversity.
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Figure 2. eResiliencia theoretical framework. PERMA+4: PERMA+4 Well-Being model; RAG: Resilience Analysis Grid.

The intervention draws from the 5-tier model proposed by Seys
et al [17], which combines preventive and supportive measures
to build resilience. Levels 1 and 2 focus on proactive strategies
such as prevention and self-care, while levels 3 to 5 offer
structured peer and clinical support to address resilience at both
individual and organizational levels. This multilevel approach
ensures that resilience-building efforts are comprehensive and
adaptable to the diverse contexts within health care settings.

eResiliencia operates across 3 interconnected levels: individual,
team, and organizational. It uses both proactive and reactive
strategies to enhance resilience. Proactive measures aim to build
capacity before crises occur, using tools such as stress
management models and workplace well-being frameworks.
Reactive strategies focus on recovery and learning following
critical events, ensuring that individuals and organizations can
adapt effectively to challenges.

The intervention is informed by several evidence-based models,
including the stress continuum model [18], which helps monitor
and manage stress; the PERMA+4 Well-Being model [19],
which promotes workplace well-being through its
multidimensional framework; the G.R.A.C.E. model [20], which
supports health care workers in cultivating compassion and
managing burnout; and the Resilience Analysis Grid [21], which
was applied to assess and enhance team response capacity in
unexpected events. In addition, eResiliencia incorporates a set
of behavior change techniques [22] designed to equip middle
managers with targeted strategies for promoting workplace
well-being. These techniques are tailored to the unique cultural
and organizational contexts of health care systems, ensuring
their relevance and practicality.

Following this, a second step involved drafting the web structure
to accommodate the intended contents effectively. Subsequently,
a process of content adaptation to the health care context ensued,
wherein various support materials for the tool were developed.
These materials underwent 2 rounds of internal review before
arriving at version 1.0, ensuring their alignment with the
intended objectives. The first version of the web platform was
developed in Spanish and hosted on the Miguel Hernández
University of Elche (Spain) servers, which comply with security

requirements and regulations. A total of 11 months were spent
to complete this phase, commencing in February 2022.

Phase 2: Validation by Experts
Version 1.0 underwent a review and validation process by an
international panel of experts between February and April 2023.
A total of 20 professionals integrated this panel, comprising 14
(70%) from Spain, 2 (10%) from Colombia, 1 (5%) from
Argentina, 1 (5%) from Ecuador, 1 (5%) from Brazil, and 1
(5%) from Chile. The experts’ identification was made using
the snowball approach. All experts were informed of the pursued
objective and the approximate time commitment and were
requested voluntary, unpaid participation. Of the 20
professionals, 11 (55%) were women and 9 (45%) were men,
and all met the criterion of a minimum of 10 years of
professional experience. It was ensured that no personal
evaluation would be disclosed, and communications with them
were conducted via telephone or email.

Following a comprehensive examination of all contents and
their structural organization, experts engaged were required to
respond to a rubric designed to evaluate various aspects. This
rubric used a scale ranging from 1 to 5 to assess the clarity of
the content and its utility and applicability, grading from
completely disagree to completely agree on whether the
materials facilitated learning strategies to foster the resilience
of professionals or teams under their purview, their likelihood
to recommend the tool to other colleagues, and their intention
to apply learned tools or strategies. In addition, experts were
encouraged to identify strengths and areas for improvement and
to rate their overall satisfaction with the web-based intervention
and its contents on a scale from 1 to 10, where the higher the
score, the greater the satisfaction. The level of agreement among
evaluators was assessed to inform decisions regarding aspects
requiring changes. All feedback and suggested improvements
were meticulously implemented to enhance the quality of the
content. Subsequently, the refined version of the tool was
translated into English, Portuguese, and Valencian. Careful
attention was given to ensuring equivalence across all versions
through a process of back translation. Necessary adjustments
were made to ensure the adequacy and coherence of the system
across languages. An adaptation was also made to the idioms
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and expressions commonly used in Latin American Spanish.
This procedure also ensured that social and cultural aspects
specific to each country were considered.

Phase 3: Pilot Study
From May 1 to June 30, 2023, a pilot study was conducted in
a real setting in Ecuador. The participants’ feedback served to
refine the platform and the tool. A broader cohort of 458 health
care professionals from Ecuador was invited to participate. They
served as executives or managers in one of the country’s public
health care networks. This invitation was extended through the
Institutional Course on Continuous Improvement in Health Care
Quality and Safety offered by the Ministry of Public Health of
Ecuador with the support of the Miguel Hernández University,
Spain. The invitation was formally extended to all professionals
from the management teams of public health care institutions
in the country, including physicians, nurses, and other
professional profiles. They assessed whether they wished to
participate in this training, ensuring their data and performance
were completely anonymized. Participants were required to
complete a preintervention questionnaire at the moment of
registration to access the contents of the web-based tool. This
questionnaire comprised 20 questions assessing the knowledge
areas to be addressed. In Multimedia Appendix 1, the topics
addressed by each question can be consulted. After 7 days, a
postintervention questionnaire containing the same questions
was made available to assess content assimilation. Participants
had the option to retake this postintervention questionnaire up
to a maximum of 10 times, with a minimum score of 8 out of
10 required to qualify for a proficiency certificate. Following
the completion of the postintervention questionnaire, participants
were presented with an evaluation questionnaire consisting of
the same questions posed to the experts during phase 2.

Data Analysis
In this study, both quantitative and qualitative analyses were
conducted. The profile of participants who completed all phases
of the iteration was compared with those who dropped out and
did not finish to identify potential differences. For phase 2,
descriptive analyses were performed on the rubric scores, and
content analyses were conducted for open-ended responses.
Fleiss κ was used to analyze the level of agreement among

evaluators. The response options were recoded into 2 categories:
“agree” (values 4 and 5) and “disagree” (values 1, 2, and 3),
evaluating the overall agreement among experts across the 5
variables (clarity, utility, intention to recommend, intention to
apply, and eResiliencia).

Similarly, in phase 3, the same analyses as in phase 2 were
performed for the evaluation questionnaire. Descriptive statistics
were conducted for both the preintervention and postintervention
questionnaires. To assess differences between the means of such
questionnaires, the Wilcoxon signed rank test was used. In
addition, the McNemar statistic was calculated to compare the
number of correct responses before and after the use of the
web-based tool for each question. Qualitative analysis also
considered the frequency of positive comments and
improvement suggestions made by participants at the end of
the structured survey. These comments, expressed in natural
language, were categorized by 2 researchers (EG-H and IC) to
facilitate their documentation. Finally, sociodemographic data
were analyzed using descriptive statistics.

Ethical Considerations
In accordance with the Ecuadorian Ministerial Agreement
AM00005-2022 and the Spanish Law on Biomedical Research
(14/2007), studies conducted through anonymous surveys that
do not collect health-related data are exempt from ethical review.
This study was fully compliant with all regulatory standards for
personal data protection. Ethical principles for medical research
involving human participants included in the guidelines set by
the Helsinki Declaration were followed. Informed consent for
study participation was obtained at the time of registration on
the platform, whereby individuals were required to select the
corresponding checkbox, with instructions provided regarding
the process for revoking their participation. No form of financial
compensation was provided for participation.

Results

Phase 1: Development of the Web-Based Tool
A total of 42 documents were deemed relevant and were
analyzed in depth to extract lessons learned and proposals for
the design of eResiliencia (Table 1).
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Table 1. Documents considered when designing the content of eResiliencia.

StudyName

Resilience scales (n=7)

Winwood et al [23], 2013Resilience at Work Scale

The Psychometric Project [24], 201350-Item Resilience Questionnaire

Smith et al [25], 2008Brief Resilience Scale

Connor and Davidson [26], 2003Connor-Davidson Resilience Scale

Friborg et al [27], 2003Resilience Scale for Adults

Wagnild and Young [28], 1993Resilience Scale

Bartone et al [29], 1989Dispositional Resilience Scale

Resilience concept (n=11)

Troy et al [30], 2023Psychological Resilience: An Affect-Regulation Framework

Bowling et al [31], 2022A Simultaneous Concept Analysis of Resilience, Coping, Posttraumatic Growth, and
Thriving

Moya and Goenechea [32], 2022An Approach to the Unified Conceptualization, Definition, and Characterization of
Social Resilience

Métais et al [33], 2022Integrative Review of the Recent Literature on Human Resilience: From Concepts,
Theories, and Discussions Towards a Complex Understanding

Daly [34], 2020Resilience: An Integrated Review

Tay and Lim [35], 2020Psychological Resilience as an Emergent Characteristic for Well-Being: A Pragmatic
View

Infurna [36], 2020What Does Resilience Signify? An Evaluation of Concepts and Directions for Future
Research

Cooper et al [37], 2020Nurse Resilience: A Concept Analysis

Huey and Palaganas [38], 2020What Are the Factors Affecting Resilience in Health Professionals? A Synthesis of
Systematic Reviews

Sisto et al [11], 2019Toward a Transversal Definition of Psychological Resilience: A Literature Review

Stainton et al [39], 2019Resilience as a Multimodal Dynamic Process

Resilience in health care systems (n=9)

Lyng et al [40], 2022Exploring the Nature of Adaptive Capacity for Resilience in Healthcare Across
Different Healthcare Contexts; a Metasynthesis of Narratives

Raetze et al [41], 2022Resilience in Organization-Related Research: An Integrative Conceptual Review
Across Disciplines and Levels of Analysis

Vercio et al [42], 2021Shifting Focus from Burnout and Wellness toward Individual and Organizational
Resilience

Biddle et al [43], 2020Health System Resilience: a Literature Review of Empirical Research

Bhandari and Alonge [44], 2020Measuring the Resilience of Health Systems in Low- and Middle-Income Countries:
a Focus on Community Resilience

Strametz et al [45], 2020Maintaining capacity in the health care system during the COVID‐19 pandemic by
reinforcing clinicians’ resilience and supporting second victims

Wu et al [46], 2020COVID-19: Peer Support and Crisis Communication Strategies to Promote Institu-
tional Resilience

Thomas et al [47], 2020Strengthening Health Systems Resilience: Key Concepts and Strategies

Turenne et al [48], 2019Conceptual Analysis of Health Systems Resilience: A Scoping Review

Existing intervention programs to enhance resilience (n=6)

Qureshi et al [49], 2023Psychosocial Interventions for Building Resilience of Informal Carers of People
Living with Stroke: a Systematic Review

Stoliker et al [50], 2022Building Personal Resilience following an online Resilience Training Program for
BScN Students
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StudyName

Golden et al [51], 2021A Resilience-Building App to Support the Mental Health of Health Care Workers
in the COVID-19 Era: Design Process, Distribution, and Evaluation

Spiva et al [52], 2020The Effectiveness of Charge Nurse Training on Leadership Style and Resiliency

Liu et al [53], 2020Comprehensive Meta-analysis of Resilience Interventions

Venegas et al [54], 2019Interventions to Improve Resilience in Physicians Who have Completed Training:
A Systematic Review

Useful tools (n=9)

Donaldson et al [19], 2022PERMA+4: A Framework for Work-Related Wellbeing, Performance and Positive
Organizational Psychology 2.0

Franco and Christie [55], 2021Effectiveness of a One Day Self-Compassion Training for Pediatric Nurses’Resilience

Donaldson and Donaldson [56], 2021The Positive Functioning at Work Scale: Psychometric Assessment, Validation, and
Measurement Invariance

Butler and Kern [57], 2016The PERMA-Profiler: A Brief Multidimensional Measure of Flourishing

Michie et al [22], 2013The Behavior Change Technique Taxonomy (v1) of 93 Hierarchically Clustered
Techniques: Building an International Consensus for the Reporting of Behavior
Change Interventions

Halifax [20], 2014G.R.A.C.E. for Nurses: Cultivating Compassion in Nurse/Patient Interactions

Hollnagel et al [21], 2011RAG—Resilience Analysis Grid

Nash [18], 2016US Marine Corps and Navy Combat and Operational Stress Continuum Model: A
Tool for Leaders

Scott et al [58], 2010Caring for Our Own: Deploying a Systemwide Second Victim Rapid Response Team

The working team outlined a presentation structure for
eResiliencia and chose the most suitable appearance from
several options. With the information gathered and the ideas
from the working group itself, the first draft of the content was
structured in the beta version of the website that hosts
eResiliencia [59].

The content was divided into 2 main blocks (Figure 3), one
aimed at building resilience at the individual and team levels,
and another at the organizational level, preceded by a conceptual
framework. Platform navigation was conducted through both
the menu bar and the side panel (Figure 4). Within each block,
there were subdivisions as shown in Table 2. In the tab dedicated
to the conceptual framework, an explanation of the course

context, an introduction to resilience, several examples of
situations where it is crucial, and a section with definitions of
the most relevant concepts of the course were provided. The
first block, tools to strengthen resilience at the individual and
team levels, offered the necessary strategies to enhance the
resilience of team members at an individual level, placing
particular emphasis on the importance of workplace well-being.
Finally, the block on tools to reinforce resilience at the
organizational level provided strategies to assess and achieve
resilient institutions in the face of crises and unexpected events.
In addition, a road map was included at the end of the course
to aid in selecting the most useful strategies based on the
objectives.
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Figure 3. The home screen of the eResiliencia web-based platform.

Figure 4. Navigation panel of the eResiliencia web-based platform.
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Table 2. Structure of the eResiliencia web-based platform.

ItemsStructure

Framework • Why this guideline?
• Resilience components
• Examples
• Definitions

Individual level • Stress Continuum Model
• Enhancing resilience at the individual level
• G.R.A.C.E. model
• PERMA+4 Well-Being model for occupational wellness
• Behavior change technique for building work-related well-being

Organizational level • Enhancing resilience at the organizational level
• Resilience Analysis Grid

In total, it comprised 17 videos, 11 figures and images, 4 PDF
files, and references for further information expansion, among
which downloadable materials or video, graph, and text links
were also available. Upon accessing their personal account,
users were provided with a section containing pertinent
information regarding the platform’s functionality, along with
a video elucidating navigation and content. In addition, users
had access to a support resource and the option to change their
password.

Phase 2: Validation by Experts
Of the 20 experts, 13 (65%) assessed the tool and provided
feedback. They rated the clarity of the content at an average of
4.5 (SD 0.7) and the utility and applicability at an average of
4.7 (SD 0.5), out of 5 in both cases. Regarding whether the
materials facilitated learning strategies to foster the resilience
of professionals or teams under their purview, 62% (8/13) of
the experts indicated they completely agree, 31% (4/13) of the
experts indicated they agree, and 8% (1/13) of the experts
indicated they completely disagree. Regarding their likelihood
to recommend the tool to other colleagues, 92% (12/13) of the
experts responded definitely yes, and 8% (1/13) of the experts
responded probably yes. The same results were obtained for
their intention to apply learned tools or strategies. The level of
agreement among experts for the combined set of the 5
evaluative variables of eResiliencia was 0.79 (95% CI
0.65-0.92).

Overall satisfaction was rated with an average of 9.3 (SD 0.6)
out of 10 points. Some of the strengths highlighted were the
chosen content and the ease of navigation and presentation of
the web-based platform. In contrast, areas for improvement

included making the videos more engaging and the possibility
of incorporating practical exercises or a forum for participant
interaction. As a suggestion, an introductory video of the content
and the functionality of the web-based platform was included
(Multimedia Appendix 2) [60]. The full list of comments made
by experts is presented in Multimedia Appendix 3.

Phase 3: Pilot Study
Of the 458 professionals invited to participate, 362 (79%)
registered on the platform. The preintervention and
postintervention questionnaires of the pilot study were
completed by 218 (60.2%) of these 362 health care professionals
exercising leadership roles who began the intervention.
Moreover, 146 (40.3%) health care professionals responded to
the experience evaluation questionnaire.

Most of them were physicians (90/218, 41.3%) and nurses
(59/218, 27.1%), with a mean experience of 10.3 (SD 8.8) years.
Their primary work setting was primary care (113/218, 51.8%),
hospital (79/218, 36.2%), quality area (9/218, 4.1%), or other
management positions (7/218, 3.2%). The profile of those who
did not complete the entire educational intervention was similar
to those who did, with 42.4% (61/144 being physicians, 24.3%
(35/144) being nurses, and 45.1% (65/144) working in primary
care. Those who did not complete the intervention had slightly
average experience, with 11.4 years compared with 10 years.

The scores obtained in the preintervention questionnaire
averaged 42.0 (SD 16.6) of 100, while for the postintervention
questionnaire, they averaged 74.7 (SD 22.7), with significant
differences between them (P<.001; Z=–11.728). The increase
in the percentage of correct answers for each question is
represented in Table 3.
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Table 3. Increase in percentage of correct answers for each question (n=218).

P valueMcNemar testIncrease of correct
answers (%)

Correct responses on the
postintervention question-
naire, n (%)

Correct responses on the
preintervention question-
naire, n (%)

Questionsa

<.00125.68120.2192 (88.1)148 (67.9)1

<.00153.16534.4148 (67.9)73 (33.5)2

<.00127.87624.3155 (71.1)102 (46.8)3

<.00187.94046.8134 (61.5)32 (14.7)4

<.00137.96928.4165 (75.7)103 (47.2)5

<.00199.00850.5176 (80.7)66 (30.3)6

<.00152.90032.1162 (74.3)92 (42.2)7

<.00148.58232.1180 (82.6)110 (50.5)8

<.00130.86227.1153 (70.2)94 (43.1)9

<.00155.01035.3159 (72.9)82 (37.6)10

<.00129.28022.9189 (86.7)139 (63.8)11

<.00128.90023.8169 (77.5)117 (53.7)12

<.001111.62855.5165 (75.7)44 (20.2)13

<.00149.49532.5181 (83)110 (50.5)14

<.00164.32437.6111 (50.9)29 (13.3)15

<.00133.30727.1145 (66.5)86 (39.4)16

<.00134.37525.7194 (89)138 (63.3)17

<.00120.55418.3154 (70.6)114 (52.3)18

<.00155.93435.8162 (74.3)84 (38.5)19

<.00173.02543.6163 (74.8)68 (31.2)20

aBecause this is active training, the questions have been masked to avoid spoilers. They are available upon reasonable request.

Moreover, 58.3% (127/218) of the health care professionals
passed the postintervention questionnaire without requiring any
retries. However, 14.2% (31/218) of the health care professionals
needed 1 retry, 8.3% (18/218) needed 2 retries, 6% (13/218)
needed 3 retries, and 3.7% (8/218) needed between 4 and 7
retries. Furthermore, 9.6% (21/218) of the health care
professionals exhausted all 10 retry attempts without achieving
the required score.

Regarding the perception of the 146 people who completed the
evaluation questionnaire, the clarity of the content received an

average score of 4.7 (SD 0.6) on a 1 to 5 scale, while the utility
or applicability scored 4.8 (SD 0.5). The results of their opinion
are depicted in Table 4.

Global satisfaction was rated 9.4 (SD 1.1) out of 10 points on
average. Among the strengths underscored were the
comprehensiveness of the content and the interesting techniques
explained. Conversely, identified improvement areas consisted
of incorporating more illustrative examples and providing
downloadable materials.
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Table 4. Results of the nonnumerical scale questions from the assessment questionnaire (n=146).

Definite-
ly yes, n
(%)

Probably
yes, n
(%)

Not sure,
n (%)

Probably
not, n (%)

Definitely
not, n (%)

Complete-
ly agree,
n (%)

Agree, n
(%)

Neither
agree nor
disagree, n
(%)

Disagree, n
(%)

Completely
disagree, n
(%)

Question

—————a78 (53.4)54 (37)6 (4.1)1 (0.7)7 (4.8)The course content
has enabled me to
learn strategies for
reinforcing the re-
silience of the profes-
sionals or teams un-
der my supervision.

118
(80.8)

22 (15.1)6 (4.1)0 (0)0 (0)—————I will recommend
the course to other
colleagues.

114
(78.1)

28 (19.2)2 (1.4)2 (1.4)0 (0)—————I will apply some of
the tools or strate-
gies learned to
strengthen individu-
al, team, or organiza-
tional resilience in
my work environ-
ment.

aNot applicable.

Qualitative Analysis of Open-Ended Comments

Strengths
The most repeated topics among the strengths were the learning
of new techniques or specific models (34/146, 23.3%), the
web-based methodology that allowed access at any time (14/146,
9.6%), the organizational approach (10/146, 6.8%), the clarity
of the content (9/146, 6.1%), stress management (6/146, 4.1%),
and the examples provided (4/146, 2.7%).

Opportunities for Improvement
In terms of aspects to be improved, the incorporation of more
examples (14/146, 9.6%) and the expansion of the content
(14/146, 9.6%) were generally highlighted. In addition,
improving the quality of the videos (12/146, 8.2%), including
the possibility of interacting with other students in a more
practical way (9/146, 6.2%), enabling downloadable content
(9/146, 6.2%), reducing the length of the questionnaires (6/146,
4.1%), including web-based tutorials for resolving doubts with
the teachers (5/146, 3.4%), and adding a progress bar to visualize
the course as a whole (4/146, 2.7%) were emphasized.

Discussion

Principal Findings
Our developed web-based approach operates as a comprehensive
tool designed primarily for middle managers, aiming to foster
resilience at both individual and organizational levels within
the staff at their charge. By using multimedia resources, this
approach has been shown to enhance the knowledge about
resilience of health care professionals across diverse fields and
backgrounds.

eResiliencia was highly rated by the panel of experts regarding
clarity and usefulness, indicating that the tool is perceived as

comprehensible and relevant for application in professional
contexts. High ratings were also obtained for the willingness to
recommend the tool to colleagues and the intention to apply the
learned strategies, demonstrating strong acceptance and
confidence in the resource. For most (12/13, 92%) participants,
the materials were potentially effective in strengthening team
resilience, except for 1 (8%) expert who expressed complete
disagreement. This highlights the need to consider diverse
perspectives and possible improvements in adapting the content
to various contexts. Nonetheless, overall satisfaction was high,
with more than 9 points out of 10.

Implementing eResiliencia in Real-World Settings
The eResiliencia platform features a user-friendly interface, and
in most cases, managerial staff possesses the necessary skills
to use such digital tools effectively. However, some systemic
limitations may impact its implementation. First, the increasing
measures to prevent cyberattacks and data ransom incidents in
health care institutions have led to stricter internet access
controls, even in areas where connectivity was previously
unrestricted. This decision may hinder access to eResiliencia
within some organizations. In addition, in certain health care
networks, managers lack the resources to access the platform
outside their offices. Incorporating offline functionality could
address these limitations and facilitate broader access to the
platform.

Second, resistance from health care organizations, often rooted
in established workflows or skepticism about the benefits of
new interventions, represents a traditional barrier. In this case,
the integration of eResiliencia was facilitated by embedding it
within a national patient safety and quality training program
aimed at launching a global institutional strengthening plan. A
similar strategy could help overcome organizational resistance
in other settings.
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Third, ensuring flexibility and accessibility is essential to meet
the diverse needs of users. The use of asynchronous learning
options was key in this instance, allowing participants to decide
when and how to engage with the platform. This flexibility
significantly increases accessibility and is particularly relevant
in environments with high workloads. However, allocating
dedicated time during work hours could further enhance
participation rates by reducing competing demands on
participants’ schedules.

Comparison With Prior Studies
It is known that health care professionals face stressful situations
in their professional work. The frequency of burnout or the
existence of defensive practices is also not uncommon. It is no
surprise that the role of team leaders influences the team’s ability
to respond and recover after experiencing adverse situations
[61]. The COVID-19 pandemic brought to the attention of
managers, executives, and society in general concerns about
the resilience capacity of these collectives, both at an individual
and collective level, to face what has undoubtedly been the
greatest global challenge for health care professionals. This
study originates from that period and delves into both aspects,
offering an easily accessible training format for those
responsible for clinical teams. In this regard, it is based on the
observation that most programs designed to increase resilience
were developed to operate at the individual level and that it was
necessary to create interventions focused on the work group
[30].

eResiliencia incorporates agreed-upon resilience attributes [37]
and skills that leaders must possess to strengthen their teams’
resilience, which include self-efficacy, self-control, the ability
to provide support and help, and learning from difficulties [62].

Uncertainty, resource shortages, constant protocol variations,
the risk of infection and transmission, and critical
decision-making with ethical implications, among other factors,
were prevalent during the COVID-19 pandemic and contributed
to fear, anxiety, stress, moral injury, or compassion fatigue
among health care professionals [63,64]. These situations have
highlighted the need to reconsider the role of middle
management, as they must address the needs of their teams to
face challenges. Therefore, their resilience is a crucial
competence required for their work.

The scores obtained in this study by the professionals who
underwent the training show that after the use of the tool, the
results were better both overall and for each individual question.
However, the preintervention questionnaire also revealed that
participants’ previous knowledge was relatively low in many
areas, with correct response rates ranging from 13.3% (question
15; behavior change technique) to 67.9% (question 1; definition
of resilience). This underscores the necessity and effectiveness
of the educational intervention implemented. The greatest
increases were in questions with initially low correct response
rates (question 4, question 6, and question 13), suggesting the
acquisition of new concepts. In contrast, questions such as
question 1 and question 18, which initially had a higher
percentage of correct responses, showed a less pronounced
increase compared to those with lower initial performance. The
increase in scores on the final questionnaire compared to the

initial questionnaire is consistent with the findings of other
studies, which show that both in-person [52,65-67] and on the
web [50,68] interventions increase resilience capacity. In
addition, it has been observed that they also protect the mental
health of professionals [69].

Solutions to assist professionals were implemented in different
countries and were similar, including the availability of
psychological services, support hotlines, and websites with
resource materials [70]. Focusing on tools available for Spanish
speakers, an example is the digital platform and mobile app,
Be+Against COVID, which was used in Argentina, Brazil,
Colombia, Chile, Ecuador, and Spain [71].

Although middle managers have usually received training in
occupational risk prevention and conflict management, many
times there is a lack of specific and detailed training in
fundamental aspects of team management and resilience.
Traditionally, team management has focused on organizational
and clinical aspects to ensure that patients’needs are adequately
met. Nowadays, middle managers are expected to efficiently
manage the resources of the professional teams they lead,
particularly human talent, to adequately respond to health
challenges.

Implications of Findings
In the postpandemic era, there is a growing consensus that
among the functions of executives and middle managers (such
as the organization of responses to care demands, task allocation,
conflict management within teams, and the strengthening of
teams to meet care demands effectively), there should be an
emphasis on maintaining and strengthening the resilience
capacity of their teams of professionals, because their ability to
cope with highly stressful situations determines the quality of
care provided and the outcomes for patients. This eResiliencia
program follows this trend and takes a proactive approach by
offering a framework for executives and middle managers to
use some or all the resources to achieve this objective and
prepare their team for everyday challenges and future crises.

Although most (197/218, 90.4%) of the participants were able
to pass the training without any difficulties, some (21/218, 9.6%)
individuals exhausted all reattempts without achieving the
minimum required score. While these data suggest that the
material and teaching methods are effective for most, it would
be beneficial to delve into the reasons behind the difficulties
faced by this small percentage to address and mitigate the
problem.

Resilience training is presented as a crucial element in the
professional development of middle managers in the health care
sector. Promoting and reinforcing resilience is not only essential
for the individual well-being of professionals but also
strengthens the cohesion and effectiveness of the team as a
whole. However, for this to be feasible, it is essential that
clinical management evolves and provides effective tools to
middle managers, facilitating resource management, including
resilience training.

In this era, there is a growing consensus that the existing “find
and fix” solutions should be replaced by those that are more
forward-thinking [15]. Moreover, the organizational culture is
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critical to ensuring patients receive adequate care and workers’
resilience when things go wrong [72]. Health care organizations
are evolving toward the principles of Safety II framework here
[73], which involves recognizing the challenge of complexity
and uncertainty in clinical practice to anticipate errors.
Promoting the resilience of workers at both individual and team
levels contributes to realizing the implementation of Safety II
[74].

Fragmentation in the assignment of professionals poses a
significant challenge to teamwork. Thus, cohesion among middle
medical and nursing managers is essential to overcoming the
barriers created by this fragmentation and fostering a more
collaborative and efficient work environment. The training of
middle managers in the health care organization must be a
top-down strategy, driven by leadership. Health care executives
must communicate these priorities to middle managers and
provide the necessary support for implementation. Only through
strong and consistent leadership from the upper echelons can
we ensure that middle managers are equipped with the
competencies required to effectively manage their teams and
promote a resilient work environment.

The response rate indicates that 4 (40%) of the 10 professionals
who registered on the platform were eventually not interested
in the training on how to foster resilience in their teams and
collaborators. This could be because they already possess the
personal resources to tackle the task or because eResiliencia
did not meet their expectations or failed to motivate them
sufficiently. This aspect could be addressed, for example, with
a more practical approach through group dynamics and
cooperative tasks to generate greater interest and engagement,
so participants can see a more direct application of the training
tools.

Strengths
This study addresses the 5 key questions of a resilience study
in the health care sector [75]. It proposes an alternative approach
to individual-focused training by emphasizing the role of clinical
team leaders and how to strengthen the resilience of their teams
and team members.

Limitations
Although international experts share a common cultural
background, they represent a group of Spanish-speaking
countries. The generalization of content to other countries should
not be done directly. Participants in the pilot study phase worked
in various public health networks in Ecuador and took part in
this experience as part of a quality and patient safety
management course, which emphasized the need to move away
from a blame culture. This aspect may have influenced their
engagement with the eResiliencia content. Participants had a
set amount of time to complete the training on the eResiliencia
web-based platform. In a different self-directed learning context
without this limitation, trainee behavior might be different.
Because this is a study without a control group, the changes
observed in participants’ knowledge may not be exclusively
attributable to eResiliencia. Finally, it should be noted that
although the participants were enrolled in training organized
by the Ministry of Public Health of Ecuador, it was emphasized

that they could freely choose whether to complete the
eResiliencia training and respond to the satisfaction survey.
Answering the questionnaire did not provide any advantage and
the responses were not disclosed, ensuring anonymity at all
times, which was clearly communicated to the participants. This
approach was taken to avoid a reporting bias.

Cultural Factors Influencing Resilience-Building
Capacity
Ecuador’s health care system is characterized by hierarchical
structures and centralized decision-making, typical of
high-power distance cultures. eResiliencia capitalizes on the
influential role of middle managers, who act as intermediaries
between upper management and frontline workers. By equipping
middle managers with resilience-building tools, the intervention
empowers them to cascade these strategies throughout their
teams, reinforcing resilience at all levels of the organization.
The networks engaged in this study operate with limited
resources, requiring flexibility and improvisation to address
challenges. eResiliencia provides structured yet adaptable
strategies, offering tools for middle managers to tailor
resilience-building efforts according to the specific needs and
constraints of their teams. Although Ecuador faces challenges
in long-term health care planning, eResiliencia introduces
structured frameworks that emphasize proactive resilience
building. These frameworks align with preventive measures to
prepare health care professionals for crises, fostering a shift
from reactive to proactive management.

Many of these aspects are common to countries in this region.
However, the outcomes of eResiliencia in Asia, Europe, or
North America are likely to differ significantly due to the
cultural factors influencing resilience-building capacity. Cultural
dimensions such as collectivism, power distance, and approaches
to uncertainty, among others, play a crucial role in shaping how
resilience strategies are developed and applied across different
contexts.

Future Research
It is necessary to delve into a common definition of what is
meant by resilience [11,75] and, by extension, the role of
managers in the resilience of their team members. A critical
aspect for future development involves the incorporation of
mechanisms to monitor the utility and long-term impact of the
knowledge acquired through the web-based tool, particularly
considering the less optimistic data provided by some studies
on nursing students [76]. In later phases, this intervention will
be complemented by the development of improvement and
action plans based on the application of the eResiliencia tools
by health care teams and middle management interested in their
centers. This will allow a more effective monitoring of the tool,
its usefulness, and applicability. These approaches could also
be extended to companies that provide home care, to train those
who coordinate the work of informal caregivers in the home
[77], in light of the growing caregiving economy. Finally, as
these are preliminary data, this educational intervention should
be tested in the context of other organizational models and
diverse cultural settings to validate its effectiveness,
acceptability, and utility.
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Conclusions
The proposal to evaluate each professional, identify signs of
stress, take appropriate measures, and manage team cohesion
represents a training initiative that could be implemented clearly
and explicitly. However, it is essential to first analyze the
organizational context where the intervention will be applied
and identify potential adjustments to improve its acceptability
based on national and local organizational factors. This tailored

approach ensures that the intervention aligns with the specific
needs and characteristics of each setting, enhancing its
effectiveness and relevance. This training would enable middle
managers not only to manage conflicts but also to prevent them
and foster a healthy and productive work environment. The
developed tool proved to be well received by both the experts
and the health care professionals who participated in this pilot
phase.
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Abstract

Background: Colonoscopies are vital for initial screening, follow-ups, surveillance of neoplasia, and assessing symptoms such
as rectal bleeding. Successful colonoscopies require thorough colon preparation, but up to 25% fail due to poor preparation. This
can lead to longer procedures, repeat colonoscopies, inconvenience, poorer health outcomes, and higher costs. eHealth tools can
enhance bowel preparation and potentially reduce the need for repeat procedures.

Objective: This usability study aimed to identify strengths and weaknesses in a prototype companion app for colonoscopy
examinations. The objective was to obtain in-depth insights into the app’s usability, ease of use, and content comprehension, with
the aim of refining the tool to effectively fulfill its intended purpose, guided by feedback from potential users.

Methods: From February to August 2024, we conducted a qualitative study using the think-aloud procedure. Each session
involved 6 tasks and a semistructured interview to delve deeper into participants’ task experiences. All think-aloud sessions and
interviews were recorded. Quantitative usability questions were analyzed using Microsoft Excel, while qualitative data underwent
coding and analysis based on thematic analysis principles.

Results: In total, 17 individuals, all smartphone users, participated in this study. Participants were recruited from 1 hospital, 1
private clinic, and 1 patient organization in Switzerland. The study found that participants rated the app’s usability metrics
positively, with an overall mean rating of ease of use at 4.29 (SD 0.59), usefulness at 4.53 (SD 0.72), and comprehensibility at
4.29 (SD 0.92). For the individual features, the mean ratings for ease of use were between 4 and 4.65, usefulness ranged from
4.35 to 4.82, and comprehensibility received ratings between 4.29 and 4.53, all measured on a 5-point scale, where 1 represented
low agreement and 5 indicated high agreement. Additionally, 100% of participants indicated they will or may use the app if they
require a colonoscopy examination. Participants highlighted the need for reminders and alerts in the week leading up to the
colonoscopy, along with tailored content, simplified language, and visual aids.

Conclusions: The app prototype demonstrated favorable results with the majority of participants, and the testing process enabled
the prompt identification and resolution of usability issues. The next phase will prioritize and assess potential improvements
based on urgency and feasibility to guide a focused development plan. Usability testing highlighted features such as push
notifications and personalized content as top priorities for participants, making them key areas for immediate attention. Moving
forward, the app has the potential to function effectively as a companion app for colonoscopy examinations. To achieve this,
further studies with a larger sample in real-world settings will be crucial.

(JMIR Hum Factors 2025;12:e67043)   doi:10.2196/67043

KEYWORDS

eHealth; mobile health; mHealth; digital health; technology assessment; technology adoption; technology implementation; usability
study; colonoscopy; app; application; examinations; smartphone; usability
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Introduction

Background
Colonoscopies are widely recognized as the most reliable
method for detecting colorectal issues; their effectiveness and
safety hinge on the thoroughness of bowel preparation
beforehand [1,2]. Ensuring adequate bowel preparation is crucial
for achieving clear visualization of the colon’s inner lining
during the procedure. Poor bowel preparation is linked to risks
such as missed significant lesions, procedural challenges, longer
operation times, higher rates of interval colorectal cancers, and
increased health care expenses [3]. However, a colonoscopy is
an invasive procedure that demands extensive preparation. This
includes taking a laxative, restricting food and liquid intake,
and stopping certain medications in the week before the
appointment.

Research indicates that up to 11% of individuals miss their
colonoscopy appointments [4,5], and among those who do
attend, many have insufficient bowel preparation, hindering
clear colonic visualization [6-12]. A recent study investigated
the efficacy of various bowel preparation regimens (4L, 2L, and
≤1L) for colorectal cancer screening, focusing on key quality
indicators such as bowel cleanliness, cecal intubation rate,
adenoma detection rate, and polyp detection rate, all aligned
with the performance standards set by the European Society of
Gastrointestinal Endoscopy (ESGE) [13]. While all regimens
met the ESGE’s minimum quality thresholds, the adequacy of
bowel preparation varied significantly between volumes [13].
Ultralow-volume preparations achieved an adequacy rate of
79%, notably lower than the 86.4% seen with high-volume
preparations [13]. In particular, bowel preparation with sodium
picosulfate and magnesium citrate (SPMC) and 1L polyethylene
glycol with ascorbic acid (1L-PEGA) was adequate in only
75.2% and 82.9% of cases, respectively, highlighting the need
for careful consideration when selecting a preparation method
based on patient needs and procedural goals [13].

Misunderstanding dietary guidelines and cleansing instructions,
along with noncompliance, significantly contributes to
inadequate bowel preparation [14]. Ineffective bowel preparation
can lead to several adverse outcomes, including reduced
adenoma detection rates, extended procedure times, lower cecal
intubation rates, increased electrocautery risks, and more

frequent examination intervals [15,16]. To enhance patient
adherence to colonoscopy procedures, various educational
strategies have been used. Tools such as booklets, cartoons, and
SMS text messaging have proven effective in increasing
follow-up rates compared to standard care [17]. Furthermore,
smartphone-based strategies have been developed to assist
patients in preparing for colonoscopy [18-24]. Research
indicates that these smartphone interventions generally lead to
better outcomes, such as higher bowel cleansing quality scores,
compared to usual care control groups [18-20,25,26]. However,
there is limited evidence that these tools were designed with
input from their intended users [27], which may reduce their
effectiveness. Engaging potential users in the app development
process is likely to enhance usability by ensuring the app’s
content and features match user needs and preferences [28-30].

Objectives
Considering that user research can significantly enhance a tool’s
adoption and adherence rates post launch [28], this usability
study was conducted to pinpoint strengths and weaknesses in
the prototype of a companion app for colonoscopy examinations
and to provide detailed insights into its quality regarding
usefulness, ease of use, and content comprehension. The goal
is to refine the product based on evidence gathered from
potential users, ensuring it meets its intended purpose
effectively.

Methods

App Prototype
The health care technology company Gimini Biosciences SàRL
is developing digital health solutions to empower patients
undergoing complex medical interventions. Their mission is to
ensure every patient has access to the necessary information for
a successful medical examination.

The companion app for colonoscopy examinations, their first
use case, features three main sections: (1) educational content
about colonoscopy examinations; (2) digital protocols detailing
diet, fasting, and laxative instructions; and (3) a personalized
timeline based on the user’s examination date and time to guide
them on diet, fasting, and laxative schedules. Figure 1 illustrates
the design of the prototype, showcasing these sections.
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Figure 1. App prototype overview, including (A) patient information, (B) digital protocols, and (C) timeline and schedule.

Study Design
The study involved conducting a qualitative interview with each
participant using the standardized think-aloud method [31],
which is described in detail below. Participants were guided
using a semistructured test script to articulate their cognitive
process in real time while completing a list of predefined tasks.
Similar to many qualitative studies, this research used purposive
sampling to gather in-depth insights [32]. Participants were
selected based on their capacity to offer detailed and firsthand
insights into the research topic, ensuring they could effectively
articulate their real-life experiences [32,33].

Participant Recruitment
The inclusion criteria covered individuals aged 40‐65 years
who use a smartphone, have undergone a colonoscopy
examination, have access to Wi-Fi and email, are comfortable
using teleconferencing tools (eg, Microsoft Teams), and are
capable of screen-sharing during the testing session. Three
institutions played a key role in recruiting participants: Clarunis
(the University Digestive Health Care Center of St. Clara
Hospital and University Hospital Basel), GGHA (Geneva
Gastroenterology & Hepatology Associates SA), and EUPATI
Switzerland (European Patients’ Academy on Therapeutic
Innovation).

Participants were directly approached and recruited by the
collaborating institutions. Once a participant agreed to
participate and signed the consent form, the respective institution
forwarded the signed consent form along with the participant’s
contact details to the core research team at the University of
Applied Sciences and Arts Northwest Switzerland (FHNW).
From that point, the research team took over the coordination
and management of the participant’s involvement in the study.

Participants had the option to conduct the testing session in
English, French, or German. The English version of the
participant information sheet and consent form can be found in
Multimedia Appendix 1. The information was also provided in

both German and French, giving participants the freedom to
select the language they felt most comfortable using, and the
recruitment process spanned from February to July 2024. The
researchers aimed to recruit a sufficient number of participants
to achieve saturation, indicating that enough data had been
collected when new information no longer provided additional
insights [32,33].

Think-Aloud Procedure
The think-aloud method is extensively used in app development
as a popular tool for assessing usability [34]. In a think-aloud
test, participants are asked to use the system and verbalize their
thoughts continuously as they navigate through the user
interface. This technique allows researchers to gain deeper
insights into user misconceptions, which often lead to practical
recommendations for redesign: when users misunderstand design
elements, those elements may require modification. It also sheds
light on why users make incorrect assumptions about certain
aspects of the design and why they find other parts intuitive.
The method is used to make cognitive processes, which would
otherwise remain implicit and unspoken, more visible. By
having participants verbalize their thoughts while performing
a task, researchers can gain insights into thought processes,
decision-making strategies, and individual patterns of
interpretation.

Participants evaluated a web-based prototype of the app. They
were instructed to explore the prototype while vocalizing their
actions and observations, and to offer feedback on features,
navigation, and perceived usefulness as they interacted with it.
Researchers reminded participants to maintain a continuous
stream of thoughts when needed and observed their behavior
throughout the test tasks. All sessions were recorded, capturing
participants’ screen interactions with the prototype. Detailed
notes were taken during feedback sessions and stored using the
research platform Tivian.

During each test session, participants were asked to complete
6 tasks, during which we observed their behavior and
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interactions with the tool. Additionally, they provided subjective
assessments for each task, evaluating its usefulness, ease of use,
and comprehensibility of the content. Textbox 1 displays the

list of tasks participants were required to complete during the
test sessions. The English version of the complete test script
can be found in Multimedia Appendix 2.

Textbox 1. The list of tasks participants were required to complete during the test sessions.

Task 1: Customization and language choice

Task 2: First screen tour

Task 3: Accessing and navigating the background information section

Task 4: Accessing and navigating the fasting and food instructions

Task 5: Accessing and navigating the laxative instructions

Task 6: Accessing and navigating the meal and exercise recommendations

The think-aloud test was designed to encompass every possible
task a user might perform within the app, covering all available
functions and interactions. By including all tasks, we ensured
a thorough capture of user feedback across the app’s entire
functionality, providing a comprehensive assessment of the user
experience. Below is a high-level summary of what each task
involved:

• Task 1: Customization and language selection—In this task,
participants were prompted to select their preferred language
and adjust settings such as font size or content complexity,
allowing them to personalize the app to their needs.

• Task 2: First screen tour—This task aimed to assess the
intuitiveness of the app’s initial screen, encouraging
participants to reflect on the clarity of the navigation and
their understanding of the content available in each section.

• Task 3: Exploring background information—Here,
participants were guided to access and navigate the section
on background information about the colonoscopy
examination, supporting their understanding of the
procedure as they prepared for their appointment.

• Task 4: Reviewing fasting and dietary instructions—This
task directed participants to find and review guidelines on
what they can and cannot eat before the examination,
including details on when to begin the special diet and the
required fasting period.

• Task 5: Reviewing laxative instructions—Participants were
asked to locate and understand instructions on taking the
laxative, including information on dosage timing for
effective preparation.

• Task 6: Reviewing meal and exercise
recommendations—This task involved participants
exploring the app’s suggestions for meals and exercises
that could help them prepare optimally for the examination.

Analysis
After compiling all notes from the testing sessions, CJ, RM,
and SS collectively reviewed and synthesized the findings.
These were then presented to the app development team for
discussion, focusing on identifying features and functions
requiring modification. The data encompassed audio recordings
of the think-aloud sessions, observations noted by CJ, RM, and
SS, and responses to usability questions.

Quantitative usability data, such as user ratings of ease of use
and usefulness of the different features, were aggregated and

analyzed using Microsoft Excel for Mac 2021 (version 16.86)
to compute totals, percentages, means, and standard deviations.
Qualitative participant comments were translated into English
as needed for coding purposes. NVivo version 1.7.2 (QSR
International), a qualitative data analysis software, was used for
coding and categorizing the qualitative data. The data underwent
thematic analysis to capture the depth and the unique
interpretative contributions of individual researchers [35]. To
ensure coding reliability, the first 3 authors, who conducted
testing sessions in 3 different languages, engaged in
collaborative discussions. The initial codebook was organized
around core eHealth app development components: user
interface (including navigation and visual design), user
experience design (such as personalization), functionality
(including notifications and reminders), and patient engagement
and support (such as educational content). Initial coding was
carried out by the first author (CJ), followed by a review from
RM. Any coding discrepancies were addressed through
discussions with SS until a consensus was reached.

Ethical Considerations
The ethics committee of Northwest and Central Switzerland
determined that ethics approval was not needed for this study,
according to the Federal Act on Research Involving Human
Beings, article 2, paragraph 1 (reference number
Req-2023‐01506). All participants were briefed about the
research background and signed a consent form agreeing to
participate. Participants did not receive payment but were
offered the opportunity for early and free access to the app upon
its launch.

Results

Sample Characteristics
In total, 17 participants from 4 institutions tested the app
prototype (3 of them were pilot tests, 1 in each of the 3 test
languages). Participants were mostly male (13/17, 76%) and
aged 40‐50 (8/17, 47%) years. The gender discrepancy among
participants is largely due to recruitment challenges and the
voluntary nature of the study. Since participation was optional,
it may have led to a self-selection bias, where individuals more
comfortable with technology or who have a specific interest in
health applications were more likely to take part, resulting in a
less balanced gender distribution among participants. Tests were
conducted in German (6/17, 35%), French (6/17, 35%), and
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English (5/17, 29%). Table 1 presents the demographics and characteristics of the sample.

Table . Sample characteristics (N=17).

Values, n (%)Characteristic

Gender

13 (76)Male

4 (24)Female

Age (years)

1 (6)a<40

8 (47)40‐50

5 (29)51‐60

3 (18)>60

Language

6 (35)German

6 (35)French

5 (29)English

Referring institution

9 (53)Clarunisb

4 (24)GGHAc

3 (18)FHNWd (pilot testers)

1 (6)EUPATI Switzerlande

aOne of the pilot tests, hence age inclusion criteria were not applied.
bClarunis: The University Digestive Health Care Center of St. Clara Hospital and University Hospital Basel.
cGGHA: Geneva Gastroenterology & Hepatology Associates SA.
dFHNW: University of Applied Sciences and Arts, Northwestern Switzerland.
eEUPATI Switzerland: European Patients' Academy on Therapeutic Innovation, Switzerland.

Usability Metrics
Usability metrics are specific measurements used to evaluate a
digital product’s usability. These metrics typically assess how
quickly users complete tasks, how often they make mistakes,
and their overall satisfaction with the tool. By analyzing various
usability metrics, we can gain a comprehensive understanding
of the user’s experience and the tool’s overall usability.

During the testing sessions, we incorporated satisfaction metrics,
which are subjective measures based on users’ self-assessments.
These metrics evaluated the ease of use, usefulness, and content
comprehensibility of different sections of the app, as well as

their overall impression of the app. Responses were rated on a
Likert scale from 1 (low agreement) to 5 (high agreement).
Table 2 provides an overview of these subjective measures for
the various tasks and the app as a whole. Some measures were
not applicable for certain tasks. For example, in task 1
(customization and language selection), there was no text content
to assess for comprehensibility, so this measure is marked as
N/A (not applicable) for that task. In task 2 (first screen tour),
participants were only asked to reflect on whether the initial
screen was intuitive, rather than completing an action. Therefore,
measures such as ease of use, usefulness, and comprehensibility
were not rated for this task.
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Table . Subjective usability measures (N=17).

Comprehensibilitya, mean (SD)Usefulnessa, mean (SD)Ease of usea, mean (SD)Task

N/Ab4.35 (1.11)4.41 (0.71)Task 1: Customization and language
choice

N/AN/AN/ATask 2: First screen tour

4.53 (0.87)4.76 (0.44)4.41 (0.94)Task 3: Accessing and navigating
the background information section

4.29 (0.99)4.41 (0.87)4 (1)Task 4: Accessing and navigating
the fasting and food instructions

4.35 (0.93)4.82 (0.39)4.53 (0.62)Task 5: Accessing and navigating
the laxative instructions

4.53 (0.8)4.59 (0.62)4.65 (0.7)Task 6: Accessing and navigating
the meal and exercise recommenda-
tions

4.29 (0.92)4.53 (0.72)4.29 (0.59)Overall satisfaction with the app as
a whole

aUser satisfaction of usability attributes was rated on a scale of 1 (low agreement) to 5 (high agreement).
bN/A: not applicable.

To provide a comprehensive assessment, test moderators also
recorded observations on three additional usability metrics: (1)
completion metrics (these measure whether users can
successfully complete or partially complete tasks, indicating
the tool’s effectiveness); (2) duration metrics (these track the
average time users take to perform a task, reflecting the design’s
complexity and the efficiency of user navigation); and (3) error
metrics (these refer to actions users take that do not lead to the
expected outcome, highlighting areas of confusion in the user

interface or challenges with functionality). Table 3 presents an
overview of these observed measures. Certain measures in this
table were not applicable for task 2 (first screen tour), as
participants were only asked to assess the intuitiveness of the
initial screen rather than perform any specific action. As a result,
metrics such as completion rate and error rate were not relevant
for this task, since there was no actionable step for participants
to complete or errors to quantify.

Table . Observed usability measures (N=17).

Duration (seconds), mean (SD)Error rate, n (%)Completion, n (%)Task

44.47 (32.39)1 (6)16 (94)Task 1: Customization and language
choice

57.41 (45.94)N/AN/AaTask 2: First screen tour

66.53 (46.32)7 (41)15 (88)Task 3: Accessing and navigating
the background information section

75.41 (46.07)7 (41)16 (94)Task 4: Accessing and navigating
the fasting and food instructions

54.88 (47.89)3 (18)15 (88)Task 5: Accessing and navigating
the laxative instructions

56.76 (50.49)3 (18)17 (100)Task 6: Accessing and navigating
the meal and exercise recommenda-
tions

aN/A: not applicable.

When asked if they would use the app for a colonoscopy
examination once it becomes available, out of 17 participants,
14 (82%) said yes, 3 (18%) said maybe, and 0 (0%) said no.

Qualitative Feedback
Participants provided comments and qualitative feedback on
the 6 tasks they performed during the test sessions. While their
feedback concerning the comprehensibility of the content, the
user-friendliness, and the general user benefits of the application
was mostly positive, they also expressed some confusion about

certain content or features. Additionally, they offered
suggestions for improvements in areas such as design and
visualization as well as user guidance to address the gaps or
issues they identified in the prototype. Overall, participants
stressed the importance of receiving reminders and alerts in the
week leading up to their colonoscopy. They also preferred
tailored content, simplified language, and visual aids to enhance
their understanding. Table 4 summarizes their qualitative
feedback, organized into 4 key themes: app content, design,
guidance, and features. These themes collectively illustrate the
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participants’ preferences and priorities, providing valuable
insights for the development and improvement of the

application.
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Table . Key themes that emerged from the thematic analysis of the qualitative feedback.

Qualitative feedbackThemes and subthemes

Content

Participants expressed a need for greater accuracy
in the app’s content. Specifically, they suggested:

Content accuracy

• Allowing the selection of examination times
down to the minute, rather than in 15-
minute intervals.

• Clearly stating that tea and hot drinks should
not contain milk, as specified in the paper-
based guidance.

• Ensuring the app accurately reflects the
strict fasting phase, as some participants
experienced longer fasting periods than in-
dicated.

Some content has been found to be unclear or
confusing. For instance:

Content clarity

• The term “residue-free diet” may be diffi-
cult for laypeople to understand; “bowel
cleansing” is suggested as a more straight-
forward alternative.

• The term “protocols” is ambiguous, and
“preparation” is recommended as a clearer
option.

• Instead of using the word “option” for meal
examples, provide explicit examples to
avoid misleading users into thinking these
are the only choices available.

• For dosage instructions, emphasize that the
liquid should be consumed in sips rather
than all at once.

• The timeline entry “pickup medication” is
unclear and potentially misleading; a more
descriptive label is needed.

• More information on physical exercise
should be included, such as its effects and
importance in the preparation process.

It has been noted that certain content is currently
lacking in the app, namely:

Content completeness

• Expanded details on the colonoscopy proce-
dure should be provided, with careful atten-
tion to wording. Starting the information
section with cancer detection details can be
perceived as alarming. It is essential to in-
troduce the procedure in a reassuring man-
ner, highlighting its benefits and emphasiz-
ing preventive care.

• Information on the effects of laxatives.
• Vegetarian menu options.
• Post-colonoscopy care and potential adverse

events.
• Any assistance with laxative consumption

would be greatly appreciated, as it can be
quite unpleasant. For example, mixing the
laxative with clear syrup to improve taste.
Another tip is to sip water alternately with
the laxative instead of consuming them se-
quentially, which can make the experience
less difficult. Additional advice on making
the process more manageable could include
using a straw to drink the laxative or drink-
ing tea beforehand to mitigate the salty
taste.
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Qualitative feedbackThemes and subthemes

Participants have suggested including a section
with FAQs to provide clear and concise answers
to common concerns. Suggested questions in-
clude:
• Why is a colonoscopy performed? Include

an explanation of its purpose and benefits,
and note any differences in the procedure
or considerations for men and women.

• Can I drive after taking the medication?
• When can I resume a normal diet?
• What are the advantages and disadvantages

of various examination methods? Offer a
comparison of different diagnostic options,
such as stool examinations, to help users
understand their relative benefits and limita-
tions.

FAQsa

A few minor translation inaccuracies have been
identified:
• “Dose 1” was incorrectly translated into

German; the correct term is “Dosis.”
• Under “fasting time,” “Untersuchung” is a

more appropriate translation than “Prüfung.”

Translation accuracy

Design
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Qualitative feedbackThemes and subthemes

Participants have proposed several improvements
to enhance the clarity of the app’s navigation.
Suggested enhancements include:
• Adjust the color scheme of the language

selection navigation to make it more
prominent.

• The button for confirming language selec-
tion should be available in multiple lan-
guages.

• Change the name of the navigation section
labeled “Information” to better reflect that
it pertains to the procedure rather than app-
related information.

• The back arrow should be made more
prominent by increasing its size and reposi-
tioning it centrally for better visibility and
ease of use.

• There is uncertainty about the type of infor-
mation the sections labeled “Protocols” and
“Timeline” contain.

Navigation clarity

There were several suggestions to improve the
app’s navigation structure:
• Increase the size of the customization icon

and consider positioning it at the same level
as the other main navigation icons to attract
more attention.

• Keep content concise and allow users to
click for more detailed information when
needed.

• Display the timeline immediately after
scheduling an appointment, as it is highly
relevant. Ideally, place the timeline in the
same section where laxative information is
provided.

• Clearly mark the section for taking the lax-
ative in the protocol and integrate the “how”
with the “when” to provide a comprehensive
guide.

• Distinguish and prioritize personalized
content related to individual preparation for
the colonoscopy from general informational
content about the procedure, such as exam-
ination details and menu suggestions.

Navigation structure

Guidance
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Qualitative feedbackThemes and subthemes

Participants have reported some confusion and
expressed a need for clearer guidance on navigat-
ing the app and understanding required actions.
Specific recommendations include:
• Add a note indicating that users can change

the language and the date of their interven-
tion, as this option is not immediately appar-
ent.

• Clearly explain why users need to enter their
appointment details.

• Provide a clear explanation of the next steps
immediately after entering appointment in-
formation, as some users were unsure where
to click.

• Indicate that some content is customized
based on the user’s appointment time to
clarify how the app personalizes informa-
tion.

• Include preliminary information about the
general procedure at the start of the app,
such as an overview page, to give users a
better understanding of what to expect.

Step-by-step guidance

Features

Nearly all participants emphasized the critical
need for personalized reminders and alerts, tai-
lored to each patient based on the specific date
and time of their colonoscopy appointment.

Personalized notifications

The importance of having the ability to print or
share information directly from the app was em-
phasized.

Sharing and printing info

Participants noted that the app’s capability to
customize content for individual users makes it
more favorable compared to other methods of
information delivery, such as paper. Specific
suggestions include:
• Set the app to automatically select the lan-

guage based on the user’s browser settings.
• Allow direct integration with the user’s

calendar for streamlined timeline manage-
ment.

• Ensure that the link directs users to the cor-
rect hospital right from the start.

• Add the medical center’s phone number or
provide a direct link for users to easily
contact the center.

Tailored content

Participants recommended integrating visual aids
to improve the clarity and comprehension of the
information. Suggestions include:
• Add illustrations to assist in understanding

the content more easily.
• Use visual cues to highlight the fasting time

more prominently.
• Present information about meal preparation

and dishes in a more visual format, includ-
ing photos of menu items.

• Integrate photos and potentially a video to
visually explain the procedure.

Visual aids

aFAQs: frequently asked questions.
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Discussion

Principal Findings and Implications for App
Improvement
Our findings indicate that participants were generally willing
to use the companion app for colonoscopy examinations and
found it mostly useful and easy to navigate. Usability is crucial
for implementation, as technologies that are user-friendly are
more likely to be consistently used over time. This is why
leading technology acceptance frameworks such as the
Technology Acceptance Model (TAM) and the Unified Theory
of Acceptance and Use of Technology (UTAUT) emphasize
ease of use and usefulness as key predictors for adopting new
technologies [36,37]. The inclusion of subjective measures in
assessments has been debated in the literature due to potential
variability introduced by users’ subjective views. Despite this
challenge, many scholars advocate for the inclusion of subjective
criteria, such as ease of use and visual appeal, because they are
fundamental drivers of adoption [38-41]. Therefore,
incorporating subjective criteria, such as perceived ease of use,
into the testing process could enhance tool adherence and
improve health outcomes [42]. However, it is important to
recognize that moderating factors such as a person’s age,
education, and digital skills can influence their assessment of
a technology’s perceived ease of use and overall usefulness
[38].

Although participants rated the app highly for both ease of use
and usefulness, they also offered several suggestions for
improvement. For instance, they recognized that preparing for
a colonoscopy involves multiple complex steps during the week
leading up to the appointment. They expressed a desire for the
app to send timely reminders to guide users throughout the
process, aligning with findings from previous similar research
[27]. Reminders are likely crucial for the effectiveness of the
app. In fact, a randomized controlled trial found that without
reminders the app group had the same quality of bowel
cleanliness as the control group [21]. Previous studies have
demonstrated that personalized reminders and alerts enhance
the adoption of electronic health technologies, effectively
modifying various health behaviors [43].

The app content was generally well received for its clarity and
ease of understanding. However, there were a few requests for
improved clarity or accuracy in certain areas, as detailed in the
Results section. Additionally, users identified some content

gaps in the tested prototype. Specifically, they requested more
comprehensive guidance on how to take the laxative and
minimize the unpleasantness of the experience. Furthermore,
there was a need for information addressing post-colonoscopy
issues. This latter finding aligns with similar research; for
instance, Sewitch et al [27] also highlighted the perceived
importance of post-colonoscopy information among potential
users. Their study similarly underscored the need for detailed
guidance on what to expect and how to manage any subsequent
issues after the procedure. This is especially pertinent
considering that statistics reveal approximately 25% of patients
experience a minor adverse event within 48 hours of a
colonoscopy, and 0.5% encounter a serious adverse event within
30 days [44].

Participants indicated a need for more detailed, step-by-step
guidance on using the app. They sought clear instructions on
the use of entering specific information, such as their procedure
date and time, and how to effectively use the app to prepare for
their examination. This feedback aligns with the extensive
literature emphasizing the importance of user training and
guidance to enhance adoption rates [38]. Introducing an app
tour with guided notes detailing each section, coupled with clear
instructions on features such as adjusting font size, could greatly
enhance the overall user experience. This initial guidance would
make it easier for users to understand how to navigate the app
and maximize its use right from the start. Research suggests
that users’ perception of ease of use can be significantly
improved with high-quality training materials that guide them
on how to effectively optimize these technologies [38,45,46].

Participants expressed a strong preference for more visual and
interactive content, as well as a navigation design that prioritizes
personalized information, such as the preparation timeline. They
expressed a desire for information to be presented clearly at
every stage of the colonoscopy preparation process. This
feedback is consistent with previous research, which underscores
the critical role of design elements and personalization in
achieving successful patient adoption of digital health tools
[38]. Several studies have specifically highlighted the
importance of personalization. For example, a lack of
customization options to meet individual needs can result in
lower adoption rates or even abandonment of the tool [38,47].
Figure 2 provides a summary of our findings regarding user
preferences for app design, content, features, and guidance.
These insights will help boost the app’s usability and
functionality, ultimately improving user adoption.
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Figure 2. Key areas for app improvement.

The next step will involve a thorough prioritization and impact
assessment, where improvements according to urgency and
feasibility will be ranked to guide a targeted development plan.
For example, the usability testing results indicate that features
such as push notifications and personalized content are top
priorities for the participants. These will be addressed at the
start of the next development cycle to ensure they are optimized
before moving into real-world testing.

Limitations and Future Research
While the practical insights from participants regarding the app
prototype were valuable and guided us in making important
modifications, it is important to acknowledge several limitations.
Using the think-aloud methodology, there is a potential for
reporting bias where participants may shape their responses to
align with perceived researcher expectations; additionally,
participants might selectively verbalize thoughts that align with
what they believe interviewers want to hear, known as social
desirability bias [48]. To address these potential biases,
moderators were trained to actively encourage participants to
provide verbal feedback and to collect observational data. These
observations were used alongside participants’ subjective
feedback during data analysis.

While the sample size of this study may appear small, previous
research indicates that 80%‐90% of usability issues in websites
and apps can be identified with 5 to 9 participants [49,50].
During the individual think-aloud sessions, recurring themes
emerged, suggesting data saturation was achieved [32].
However, it is possible that additional participants could have
uncovered different usability issues and provided diverse
perspectives. Looking ahead, the app has promising potential
as a companion for colonoscopy examinations. However,
conducting larger-scale studies in real-world environments will
be essential to validate and optimize its value and effectiveness.

Conclusions
Overall, participants expressed satisfaction with the app’s
usability. The think-aloud sessions provided real-time insights
into the app’s appeal, relevance, and use. Minor adjustments to
the prototype’s functionality were identified as necessary to
enhance usability. Feedback and suggestions from participants
have been integrated into the final app design. The initial
findings from this usability study indicate that the app holds
promising potential as a companion for colonoscopy
examinations. This work establishes the foundation for further
research to evaluate usability and feasibility among a larger,
real-world population.
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Abstract

Background: Emergency and acute medicine doctors require easily accessible evidence-based information to safely manage a
wide range of clinical presentations. The inability to find evidence-based local guidelines on the trust’s intranet leads to information
retrieval from the World Wide Web. Artificial intelligence (AI) has the potential to make evidence-based information retrieval
faster and easier.

Objective: The aim of the study is to conduct a time-motion analysis, comparing cohorts of junior doctors using (1) an
AI-supported search engine versus (2) the traditional hospital intranet. The study also aims to examine the impact of the AI-supported
search engine on the duration of searches and workflow when seeking answers to clinical queries at the point of care.

Methods: This pre- and postobservational study was conducted in 2 phases. In the first phase, clinical information searches by
10 doctors caring for acutely unwell patients in acute medicine were observed during 10 working days. Based on these findings
and input from a focus group of 14 clinicians, an AI-supported, context-sensitive search engine was implemented. In the second
phase, clinical practice was observed for 10 doctors for an additional 10 working days using the new search engine.

Results: The hospital intranet group (n=10) had a median of 23 months of clinical experience, while the AI-supported search
engine group (n=10) had a median of 54 months. Participants using the AI-supported engine conducted fewer searches. User
satisfaction and query resolution rates were similar between the 2 phases. Searches with the AI-supported engine took 43 seconds
longer on average. Clinicians rated the new app with a favorable Net Promoter Score of 20.

Conclusions: We report a successful feasibility pilot of an AI-driven search engine for clinical guidelines. Further development
of the engine including the incorporation of large language models might improve accuracy and speed. More research is required
to establish clinical impact in different user groups. Focusing on new staff at beginning of their post might be the most suitable
study design.

(JMIR Hum Factors 2025;12:e52358)   doi:10.2196/52358

KEYWORDS

artificial intelligence; machine learning; information search; emergency care; developing; testing; information retrieval; hospital
care; training; clinical practice; clinical experience; user satisfaction; clinical impact; user group; users; study design; mobile
phone

Introduction

In making decisions about patient care, clinicians frequently
are faced with queries and are often unable to retrieve answers
to them in a timely fashion. A systematic review [1] estimates

that the per-patient frequency of queries raised by clinicians
ranges from 0.4 to 0.8 per patient and that about two-thirds of
these queries are left unanswered. This picture has been fairly
stable over time despite the broad availability of web-based
evidence resources that can answer these questions. Unanswered
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questions may lead to suboptimal patient care decisions and are
missed opportunities for timely learning and practice
improvement.

Medwise.ai is a solution codeveloped with Betsi Cadwaladr
University Health Board), which helps clinicians find answers
quickly from local guidelines and provide seamless and
just-in-time access to high-quality evidence in the context of
patient care decision-making in the clinical environment. A
previous study [2] has demonstrated that smartphone apps can
increase the speed to access guidelines when compared to using
desktop computers. However, access to guidelines does not
equate to finding answers to clinical questions quickly and
effectively at the point of care. The Medwise.ai platform can
collate local clinical guidelines and break them down into
chunks of content that can be retrieved using natural language
processing and information retrieval technologies as bite-sized
answers for clinician’s questions. We conducted a time-motion
analysis, comparing cohorts of junior doctors using an artificial
intelligence (AI)–supported search engine and the traditional
hospital intranet, to examine the impact of the AI-supported
search engine on participant time and workflow when seeking
answers to clinical queries at the point of care. The secondary
end points of our study were to assess whether effective question
answering could lead to a better quality of work life and improve
confidence in decision-making for the end user.

This study aimed (1) to gain user feedback for a novel
context-specific proof-of-concept search engine and (2) to
measure the time required to retrieve clinically relevant
information with a novel engine compared to other search
engines in the setting of hospital emergency care.

Methods

Study Design
We conducted a prospective direct pre- and postobservational
pilot study in teams caring for medical emergency admissions
examining the impact of access to Medwise.ai, a clinical query
answering platform, versus information retrieval from guidelines
saved on the hospital intranet using time-motion study
methodology [3].

Study Setting
The study took place at the Ysbyty Gwynedd, Bangor. The
Ysbyty Gwynedd is a district general hospital in North Wales
with 550 beds covering all major specialties, including a dialysis
unit and a 13-bedded critical care unit. Clinicians from 2 units
in the hospital were recruited; the acute medical unit has 23
beds and is complemented by a same day emergency care unit
for low-risk admissions.

Both units receive direct admissions from primary care and
work closely with the emergency department (ED) to manage
acute medical presentations. It is important to note that the
traditional boundaries between emergency care and acute
medicine have become less distinct in recent years due to
increasing hospital overcrowding in the United Kingdom. While
historically, patients were first seen in the ED by emergency
physicians and then referred to the Acute Medical Unit for care
by acute and general physicians, many acute and general medical

teams now also work within the ED to manage the flow of acute
medical patients.

During the day shift (8 AM to 8:30 PM), the on-call team
consists of 4 doctors in training (a newly qualified foundation
year 1 doctor, 2 core medical trainees with 1‐4 years of
experience, and 1 medical registrar with 4 or more years of
clinical experience and membership of the Royal College of
Physicians) and an on-call consultant with a full specialist
qualification. The sole task of the on-call team is the care of
emergency admissions and emergencies of inpatients. Patients
seen by doctors in training are subsequently reviewed by a
consultant as part of the posttake ward round.

Intervention
Medwise.ai is a proof-of-concept search engine combining
well-established information retrieval techniques with textual
question answering and trained models that determine the best
answer within a document. The search platform is available to
the participating clinicians over a web app accessible via mobile
web browser on both Android and iOS devices. Research staff
trained the onboard clinicians and helped to install the
Medwise.ai search on the participating clinicians’ mobile
devices ahead of observations.

Content development for Medwise.ai was informed by informal
interviews (Multimedia Appendix 1) with staff and a single
focus group, consisting of 14 participants, to identify relevant
local guidelines and standard operating procedure documents
to be included in the Medwise.ai platform, thus ensuring user
buy-in and optimal functionality of the Medwise.ai platform.
The local documents shared with Medwise.ai were in PDF or
Microsoft Word format. It is important to note that searches
using Medwise.ai were limited by the content available in the
local repository; if the content did not exist within this
repository, the AI would not be able to provide answers to
queries. It should be noted that the underlying AI model’s
technical performance was not the focus of this study.

Research Procedure
A dedicated and trained member of the research team shadowed
trainee doctors for 20 complete working days: observation days
included 10 days without and 10 days with access to Medwise.ai.
The 2 groups of participants were not matched for the hospital
intranet versus AI-supported search engine using groups.

Doctors reviewed new admissions and conducted unscheduled
reviews of previously admitted patients: the doctors were aware
that they were observed, and written consent was taken prior to
commencing the direct observation. The observed activity of
doctors was entered into a work diary. For practical reasons, all
observations were undertaken during office hours.

Sampling and Recruitment
The sample size was chosen pragmatically based on experience
with previous time-motion studies [4]. Doctors working as part
of the acute medical take throughout Ysbyty Gwynedd were
recruited. To be included, participants had to be willing and
able to give informed consent for participation in the study, be
in possession of a smartphone to access web-based content, be
permanent or locum staff, and be qualified as a doctor of any
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grade. Participants had the right to withdraw from the study at
any time. Participants received vouchers with a value of US
$50 for participation in the study. Doctors who were only part
of the clinical team for 4 hours or less were excluded from
recruitment.

Candidates were approached by the principal investigator (CPS)
or the dedicated research team member. Notification of the study
was undertaken through existing WhatsApp groups and a Junior
Doctors’Forum. Inclusion and exclusion criteria were identified
during the initial screening.

Assessments
Participants’ gender, specialty, grade, duration of work in their
current post, and duration of clinical practice were recorded.
Participants were shadowed for the duration of a shift but for a
minimum of 6 hours per study day. Shadowing did not include
times when doctors were consulting or examining patients.

Task duration for clinical queries was measured in minutes.
Tasks were classified using a standardized list. Observed
searches for information were classified by clinical content
(diagnostic category, diagnostic pathway, treatment protocols,
prognostication, scoring systems, normal values, and accessed
data source). Confidence in decision-making was assessed at
the end of each working day using a validated scale for
self-assessment [5]. Confidence in decision-making and user
satisfaction were measured using the Likert scale (How satisfied
are you with the Medwise.ai product? On a Likert scale of 1-10)
and the Net Promoter Score (NPS) [6] (How likely are you to
recommend Medwise.ai to a friend or colleague?). NPS is a
validated score that is used to measure user satisfaction. It is
widely used in industry as a benchmark for comparing products
within different industries. A positive NPS is considered as
good, a score above 20 as favorable, and above 50 as excellent.
Participants were also asked for suggestions for improvements
of the platform.

Data Management and Statistics
Statistical analysis was primarily descriptive including key data
items related to the frequency of clinical searches, the subject
of such searches, the time taken for the searches, and graded
feedback in relation to the app. Data were recorded on paper
case report forms and subsequently transcribed into a Microsoft
Excel database for further analysis. Data were anonymized
through the removal of name, case report number, and age.

The comparison was made between the events during 10
observed shifts without the app and 10 observed shifts with the
app. Diary data and data from questionnaires were analyzed
using SPSS (IBM Corp). Kernel density plots were used to
visualize the differences in observed task duration; Welch t test
(2-tailed) was used to determine whether the apparent
differences in distribution were likely to have occurred due to
random chance or were due to a real difference in the mean task
duration.

Given the sample size and the unknown baseline distribution
of the variables in question, statistical comparison data from
this study might inform subsequent power calculations for
related research or a definitive trial.

Ethical Considerations
National Health Service (NHS) Research Ethics Review was
not required as the study involved staff only as participants.
The study was approved through Health and Care Research
Wales and the Health Research Authority. No adverse events
were anticipated. However, monitoring was in place in line with
the sponsor safety reporting standard operating procedure. Data
from focus group meetings were anonymized and deidentified.
Written informed consent was given by all members of staff
who were observed during the assessments. Participants were
reimbursed with £50 (US $61.92) retail vouchers according to
local regulations.

Results

Demographics and Baseline Characteristics
All assessments were undertaken between November 17, 2022,
and February 8, 2023 (hospital intranet period) and July 6 and
27, 2023 (AI-supported search engine period).

The hospital intranet and AI-supported search engine groups
both comprised 10 doctors each with 5 and 7 female doctors,
respectively. The hospital intranet group had a median clinical
experience of 23 months. Of these, 6.1 months were in their
current specialty. The AI-supported search engine group had a
median of 54 months of experience. Of these, 9.6 months were
in their current specialty. No statistically significant differences
between mean time in current specialty were observed between
the groups (t=−1.01; 95% CI −11.4679 to 4.0179; P>.05).

Focus Group
The focus group was held on April 5, 2023, after the completion
of the hospital intranet period. In total, 14 clinicians participated
including foundation year 1 and 2 doctors, registrars, physician
associates, and 3 consultant physicians. Participants were asked
a list of prepared questions in relation to search habits, preferred
information sources, and views about search engines
(Multimedia Appendix 1).

Contributors discussed sources of information that they use for
their clinical practice and recommended examples of web
resources from other NHS organizations. Pros and cons of
alternative models of information provision including share
point sites were debated. Clinicians commented on the
difficulties to find the right locally authorized resources in
locations of the internet and intranet. On the other hand, they
valued that Medwise.ai guidance is relevant for the organization
in which the search is undertaken. Participants discussed their
experience of using resources from other UK and international
organizations if there is no identifiable local guidance for a
topic. Doctors were concerned that Google searches might
identify sources that contain misinformation. The challenge of
identifying the right information in real time was described as
crucial during the time pressures of acute and emergency care.

Descriptives
Overall, 67 searches were observed in the hospital intranet and
39 searches in the AI-supported search engine period. The mean
number of clinical searches performed per shift was 6.7 (SD
3.43) in the hospital intranet group and 3.9 (SD 3.00) in the

JMIR Hum Factors 2025 | vol. 12 | e52358 | p.360https://humanfactors.jmir.org/2025/1/e52358
(page number not for citation purposes)

Ejaz et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


AI-supported search engine group. Mobile phones were used
for 40 of 67 (60%) searches in the hospital intranet group and
34 of 39 (85%) in the AI-supported search engine group. In the
hospital intranet group, 11 searches were via Google. Other
sources included apps, the British National Formulary, National
Institute for Health and Care Excellence guidelines, and local
guidelines. In the AI-supported search engine group, no search
required Google.

Searches covered a large number of topics (Multimedia
Appendices 2 and 3). The most commonly searched topics in
both groups were medication-related (n=18 and n=10,
respectively).

Participants in the AI-supported search engine group commented
on the impact of Medwise.ai on workflow using free-text
responses (Textbox 1).

Textbox 1. Free-text feedback provided by users collected at the end of observation.

“With more training [training of the AI system] this could be very helpful in speeding up carrying out jobs. Bit unfortunate study was carried out in
final weeks of rotation, when doctors are the most comfortable with systems and need to search things very rarely” [Participant 1].

“Can see it has the potential to increase speed of doing jobs, thus means we see patients quicker” [Participant 2].

“May expediate time available for patient care if brings up more precise answers. When I know where to find the answers it is easier to go straight to
the source” [Participant 3].

“As you get your answers under one second from hospital protocol, it saves time and helps you see more patients. also can provide more time for
patient care rather than looking for protocol and guidelines in each app, it will be all in one. Highly recommended” [Participant 4].

“Probably not much difference. Perhaps better used in GP. I think it would be more useful in GP. In hospital it is okay but not majorly useful. I think
over all it would be a good idea. But I think I search for stuff more in GP. I think overall ED staff would use it most in hospital” [Participant 5].

“Easy availability of resources saves up time and causes less disruption to the flow of clerking. Easy access to BCU/local guidelines is very helpful
as some of these are difficult to find on the intranet. Great idea; would be really helpful” [Participant 6].

“Will reduce search time for searching guidelines resulting in more time for patient care. And all in one place makes it easy to find [information]. I
am surprised that I have not needed to access my phone/ the app as yet today as this is unusual. Would usually look at betsinet multiple times during
a shift for electrolyte levels. I anticipate that this app would be useful” [Participant 7].

“Makes it easier to search for relevant guidelines/policies/pathways etc. Easy and quick to use. User friendly. Appears to work well for searches during
work time. Quickly found everything I searched for” [Participant 8].

“Will help find relevant guidelines much more quickly, which will make work more efficient” [Participant 9].

“Directed me to mdcalc which I already use as an app. No impact on above criteria (workflow, number of patients seen and time for each patient).
Would be more useful to have easy access to trust guidelines such as electrolyte imbalances and chest pain etc.” [Participant 10].

Comparison of Groups
Comparison of the 2 groups revealed that searches in the hospital
intranet group had shorter search times than in the AI-supported
search engine group (41.4 vs 88.1 seconds, respectively; Welch
t=4.06; 95% CI 20.30-59.09; P<0.05). The differences in the
observed task duration are presented as Kernel density plots in
Figure 1. There were no statistically significant differences

between the groups with regard to user satisfaction (Welch
t=0.75; 95% CI −1.2607 to 2.6607; P>.05) and likelihood of a

search result solving the query (χ2=2.2; 95% CI −3.24% to
27.45%; P>.05). Participants of the AI-supported search engine
group were likely to recommend Medwise.ai to a friend or
colleague as reflected in their NPS of 20 (40% promoters and
20% detractors).
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Figure 1. Kernel plot of the duration of searches pre (hospital intranet) and post (artificial intelligence–supported search engine) phase.

Overall, the group using Medwise.ai spent longer searching for
information, and their searches were not more likely to be
successful compared to the usual information retrieval methods.

Discussion

What We Have Shown
To the best of our knowledge, this is the first study to evaluate
the impact of an AI-based information retrieval system on
clinical workflow in acute hospital care. The design and
implementation of a clinical information search engine
integrating intranet- and internet-based information resources
using machine learning was feasible and well-received by
participants.

Searches in this small sample were not faster, and there was no
higher likelihood of a successful search result. Despite this,
doctors believe Medwise.ai has the potential to improve
efficiency and workflow in the future and hence highly
recommended the digital tool to their colleagues.

Strength and Weaknesses
One of the strengths of our study is that it uses objective
measures of efficiency including search times and search
outcomes rather than relying on self-reported questionnaire data
from users. This mitigates recall bias. Additionally, the free-text
feedback from users provided useful insights in that it shows
that despite Medwise.ai’s limitations, the users were optimistic
about its potential in the future and expressed views in favor of
its implementation in clinical workflow, as evident in quotes in
Textbox 1.

It is worth noting that no specific training in evidence searching
was provided to the participants beyond what they would have
received as part of their usual medical education. This lack of
additional training could be seen as both a strength and a
limitation of our study. On one hand, it reflects the real-world
scenario where clinicians often rely on their existing search
skills when using new tools. This approach allows for a more
authentic assessment of the AI-supported search engine’s
usability and effectiveness in a clinical setting. On the other
hand, it raises questions about whether targeted training in
evidence searching or in using the new platform might have
improved search efficiency and outcomes. The ideal search
engine should require minimal introduction or training, but
understanding its functionality could potentially enhance search
yields. Future studies might consider comparing the performance
of users with and without specific search training to better
understand the impact of such preparation on the effectiveness
of AI-supported search tools in clinical practice.

The initially unfamiliar user interface could have been a
significant contributor to the longer search time. Additionally,
the introduction of the AI-supported search engine occurred
toward the end of the rotation when doctors were most confident
about the processes and management of patients. Participants
had spent an average of 8 months in their current specialty,
throughout which they would have regularly used traditional
information retrieval sources.

Our observations and user feedback highlighted several areas
for potential improvement in future iterations of the
AI-supported search engine. First, we recognized that the
platform was initially developed for desktop use, but mobile
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access emerged as the preferred method in the acute care setting.
In response, the platform’s developers are working on a
mobile-first version, including dedicated iOS and Android apps,
as well as access via a chatbot interface on WhatsApp. This
adaptation aims to improve user experience and reduce search
times. Additionally, we noted that the more experienced
intervention group might have been less accustomed to new
digital formats, potentially impacting their interaction with the
novel interface. To address this, future iterations could
incorporate more intuitive design elements and provide brief,
targeted training to familiarize users with the system’s
capabilities.

In our pilot, Medwise.ai was neither more nor less efficient,
successful, or satisfying to users than traditional information
retrieval sources. Searches using Medwise.ai were limited by
the content available: if content did not exist within the local
repository, then the AI will not be able to provide answers to
queries. Finally, the local documents that were shared with
Medwise.ai were in PDF or Microsoft Word format. Further
development to transform these documents into more
machine-readable formats with seamless integration with the
search could further improve the performance of the Medwise.ai
search engine. Like all AI-based tools, Medwise.ai’s
performance is contingent upon the quality and quantity of data
used to train the tool. As the bank of searches builds up over
time, Medwise.ai would be able to offer easier and faster access
to reliable local guidelines.

The effectiveness of the search engine is dependent on the
underlying AI models’ performance. Although not a focus of
this study, it is an area for future attention, particularly with the
growing use of large language models.

What Others Have Shown
The NHS Long Term Workforce Plan [7] emphasizes the need
to leverage the power of AI to improve efficiency and workflow.
This case study is an example of a technological innovation to
improve work efficiency with the end goal of improving patient
care. It contributes to the literature focusing on evaluating the

potential of AI-based technologies to improve service provision
in the NHS [8-10].

Clinical Implications
The search engine was implemented successfully during this
trial. With the clear hierarchy of information sources,
Medwise.ai might represent a source that has higher utility for
clinicians at the bedside than public search engines such as
Google or Safari. While it has been hypothesized that AI could
aid to bring clinical guidelines to routine consultations [11],
clinical apps remain scarce [12]. Moreover, evidence suggesting
a significant reliance on colleagues and internet websites for
information retrieval during shifts makes a strong case for the
need for easy-to-access evidence-based local guidelines [13].

Research Recommendations
Given the small sample size and the unknown baseline
distribution of the variables in question, statistical comparison
is expected to be of limited value. A larger study with
randomization of doctors at the beginning of rotational posts
might provide a more robust assessment. The authors believe
that less experienced clinicians (foundation year 1 trainees or
advanced nurse practitioners in their first year of practice) would
rely heavily on digital information sources and would be equally
unfamiliar with other information retrieval methods and might
hence be the most suitable group to evaluate effects on
decision-making, safety, and possible clinical impact. More
recent developments in AI such as large language models have
shown the ability to encode clinical knowledge and answer
medical questions [14]. Integrating these into the Medwise.ai
engine might improve accuracy and speed. In the
proof-of-concept platform, a full-text, query-augmented,
retrieval engine configured and tuned for medical searches was
used (Figure 2). No large language models were used. Further
research is needed to evaluate how the accuracy and
performance of the proof-of-concept search engine could be
improved by incorporating large language models into the
engine.
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Figure 2. An image of the platform’s search reply.

Conclusions
Implementation of Medwise.ai was feasible. In this small pilot
study of an AI-supported search engine, we did not demonstrate
increased workflow efficiency, search success, or satisfaction
when compared with searches using the traditional hospital

intranet. However, doctors in training believed the solution has
the potential to do so in the future and hence recommend its
implementation in clinical workflow. With added source content
and integration of the Medwise.ai search with the next
generation of AI large language models, it is likely that more
benefits will be realized.
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Multimedia Appendix 1
Questions asked in the focus group.
[DOCX File, 16 KB - humanfactors_v12i1e52358_app1.docx ]

Multimedia Appendix 2
Clustered column chart showing the distribution of search categories in the hospital intranet period (control) and artificial
intelligence–supported search engine period (intervention). “General calc” comprised of calculating medication doses and
converting units of measurements. “Interpreting invx” meant finding information about the significance of specific findings on
investigations including plain films, electrocardiographs, and blood results. “Medication” meant medication-related information,
that is, dose, route of administration, and interactions. “Scoring systems” meant users calculating prognostic scores including
Well score. “Staff contact“ meant looking up bleep numbers for other members of the health care workforce. “Term” meant
looking up specific definitions. “Treatment protocol” meant treatment pathways for conditions and presenting complaints.
[JPEG File, 15 KB - humanfactors_v12i1e52358_app2.jpeg ]
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Abstract

Background: Colonoscopy is the standard diagnostic method for colorectal cancer. Patients usually receive written and verbal
instructions for bowel preparation (BP) before the procedure. Failure to understand the importance of BP can lead to inadequate
BP in 25%-30% of patients. The quality of BP impacts the success of colonoscopy in diagnostic yield and adenoma detection.
We developed the “ColonClean” mobile health (mHealth) app for Android devices. It incorporates visual representations of
dietary guidelines, steps for using bowel cleansing agents, and observations of the last bowel movement. We used the Technology
Acceptance Model to investigate whether the use of the ColonClean mHealth app can improve users’ attitudes and behaviors
toward BP.

Objective: This study aims to validate the effectiveness of the ColonClean app in enhancing user behavior and improving BP,
providing safe and cost-effective outpatient colonoscopy guidance.

Methods: This study uses a structured questionnaire to assess perceived usefulness, perceived ease of use, and users’ attitudes
and behaviors toward BP regarding the ColonClean mHealth app. A total of 40 outpatients who were physically and mentally
healthy and proficient in Chinese were randomly chosen for this study. The data were analyzed using SPSS 25.0, and we used
Pearson product-moment correlation and simple regression analysis to predict the perception of ColonClean.

Results: The results showed that 75% (30/40) of participants achieved an “excellent” or “good” level of BP according to the
Aronchick Bowel Preparation Scale. Perceived usefulness and perceived ease of use of the ColonClean mHealth app were
positively correlated with users’ attitudes and behaviors (P<.05).

Conclusions: The ColonClean mHealth app serves as an educational reference and enhances the effectiveness of BP. Users
expressed their willingness to use the app again in the future and recommend it to family and friends, highlighting its effectiveness
as an educational guide for BP.

(JMIR Hum Factors 2025;12:e58479)   doi:10.2196/58479

KEYWORDS

mobile health app; bowel preparation; nursing guidance; technology acceptance model; mHealth; mobile health

Introduction

Colorectal cancer (CRC) is the third most prevalent cancer and
the second leading cause of cancer-related deaths worldwide
[1-3]. Colonoscopy is the standard diagnostic method for
colorectal cancer, and adequate bowel preparation (BP) is a
necessary and crucial step to effectively examine the entire
intestinal mucosa [4,5]. Currently, BP before colonoscopy is
primarily provided by nurses through paper-based nursing
instructions and oral explanations of relevant precautions [6,7].
This involves dietary restrictions and the use of bowel cleansing

agents to remove feces from the colon and facilitate visual
examination by physicians [8,9].

The explanations for BP are often lengthy, complex, and difficult
to understand and remember. As a result, the proportion of
inadequate BP ranges from 25% to 30% [10]. Poor BP could
lead to 42% of adenomas and 27% of advanced adenomas not
being diagnosed [11,12]. Inadequate BP also leads to a missed
detection of 10.55% for sessile polyps [13], which can develop
into CRC and are particularly difficult to identify as they lie
flat on the mucosal layer of the colon [9]. Incomplete
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colonoscopy increases the risk of cancer and requires
repreparation, adding to health care resource costs [14-16].

The European Society of Gastrointestinal Endoscopy guidelines
emphasize that good BP is essential for the diagnosis, treatment,
and removal of tumors and precancerous lesions, as well as for
the reduction of CRC incidence and its mortality rate. It ensures
the quality, safety, and effectiveness of colonoscopy in the
clinical examination environment. Adequate BP provides
optimal visualization for physicians during the examination,
facilitating the detection of polyps or other lesions [10,17].

During the COVID-19 pandemic in 2020, the need for a mobile
health (mHealth) app became evident [18,19]. Currently, nursing
instructions for BP mainly rely on paper-based materials
accompanied by oral explanations, multimedia instruction CDs,
or telephone interviews [20]. Using mobile apps can enhance
patient education for bowel cleansing [21,22]. Therefore, our
research team conducted a literature review and assessed current
needs to design and build the “ColonClean” mHealth app for
the Android operating system. The purpose of this study is to
validate the effectiveness of the ColonClean mHealth app in
enhancing users’ attitudes and behaviors toward BP through
the Technology Acceptance Model (TAM) by examining the
correlations among perceived usefulness, perceived ease of use,
usage attitudes, and actual usage behaviors. We aim for the
ColonClean mHealth app to serve as a comprehensive and
effective outpatient colonoscopy guidance tool, ultimately
improving the effectiveness of BP.

Methods

Ethical Considerations
This study is an interventional investigation conducted in
accordance with research ethics regulations. Approval from the
Institutional Review Board of Taipei Veterans General Hospital
was obtained prior to the commencement of the study (approval
number 2021-10-007AC). The study was conducted from
October 27, 2021, to December 31, 2022. Before enrolling
participants, the purpose and details of the study were explained
to them, and they provided informed consent by signing a
consent form. Throughout the research process, all participants’
privacy rights were strictly protected, and the collected data
were used solely for research purposes. Participants were not
compensated for their participation in this study.

Study Participants
G*Power 3.1.9.7 for Windows was used to analyze the
questionnaire data, considering a power (1-β) of 0.8, α value
of .05, a medium effect size of 0.3, and an estimated dropout
rate of 20%. As a result, a sample size of 40 participants was
determined. A total of 40 outpatients from the gastroenterology
and endoscopy center of the medical center were recruited. The
inclusion criteria were patients aged 20 years or older,
recommended by physicians to undergo colonoscopy, without

visual or hearing impairments, and without mental illnesses.
After explaining the purpose and content of the study and
obtaining written informed consent, paper-based nursing
instructions were provided along with verbal explanations of
ColonClean, and the BP was conducted. For easy access to
ColonClean, the participants downloaded the ColonClean
mHealth app on their mobile devices after scanning a QR code.
The nursing instruction process involved 1-on-1 teaching, with
an explanation lasting approximately 20 minutes in the
independent waiting area outside the outpatient visit room. Each
research participant was asked to submit feedback on their
experience with ColonClean within 3 days of their colonoscopy.

mHealth App (ColonClean)
Individuals aged ≥50 years are the target group for CRC
screening, making them the primary users of the ColonClean
mHealth app. Considering the physiological and cognitive
decline in older adults, it is crucial to design a user-friendly
interface to avoid difficulties in usage. The interface design for
older adults incorporates intuitive elements, clear and concise
text, and straightforward operational steps [23]. Contrast colors
were used for interface color schemes. The operational methods
are simple and clear, with functions executed through clicks or
straight-line swiping gestures [24,25]. All features were designed
to operate within a single page, avoiding menu structures with
more than 2 layers of information. This design reduces the
psychological pressure on older adults, who may be afraid of
making mistakes due to an unfamiliarity with technology; this
allows them to focus and read the important information
comfortably. Handwritten or voice inputs were preferred for
filling in the forms. Clear return or cancel buttons were placed
at the top or bottom of the screen. Considering the characteristics
of the users, the emphasis was on interaction and feedback rather
than simple page browsing to enhance the impression of BP.

The ColonClean mHealth app was developed using the Android
11 operating system due to its low development cost and
popularity among the general public [26]. The user interface
and content were designed using the Android app package, the
Java programming language, and a built-in database.

The screen display of ColonClean is divided into 3 sections:
top, middle, and bottom in a single-page layout for the main
screen. The top section displays the “Examination Date and
Time.” The middle section features 6 key topics arranged in a
zigzag pattern based on their importance. From left to right,
these topics include “Dietary Guidelines,” explaining the
necessary dietary education starting 3 days before the
examination as shown in Figure 1, and “Laxative Use,”
explaining the use of bowel cleansing medication. The “Fluid
Intake” screen is for recording the amount of fluid consumed
(Figure 2), while the “Stool Image Recognition” screen is for
providing images to identify the type of the last bowel
movement (Figure 3).
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Figure 1. Representative images of “Dietary Options” in ColonClean.

Figure 2. The “Hydration Intake Record” in ColonClean. Bowel preparation requires plenty of fluid intake to facilitate the passage of feces from the
bowel.

Figure 3. Images of the “Last Bowel Movement Type” section of ColonClean.

“Precautions” explains important points to keep in mind. The
bottom section of the screen, from left to right, includes the

“Home” button to return to the main screen; “Notifications,”
which displays text messages; “Medication,” which provides
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settings and modifications for regular medication or bowel
cleansing agents; and “Questionnaire,” which allows users to
provide feedback on their experience using the ColonClean
mHealth app.

The ColonClean app sent reminders and notifications to
participants in the experimental group starting 3 days before
their procedure. These notifications advised participants to begin
dietary restrictions, such as avoiding high-fiber fruits and
vegetables. Two days before the procedure, the app reminded
users to switch to a low-residue diet, focusing on foods like
congee or plain white noodles. The day before the procedure,
the app prompted users to follow a clear liquid diet, including
oil-free broth and sports drinks, and provided instructions on
taking BP medications.

The app utilizes tap and swipe gestures for navigation; for user
registration, it supports built-in Chinese phonetic input or
handwriting recognition on mobile devices. The interface
features a fresh color palette, primarily a warm lake green. Key
information is highlighted in red, and unnecessary content is
removed to offer concise summaries. Unique icons are designed
as entry pointers to access relevant content. Tapping on an icon
triggers entry into the main menu, which includes dietary
guidance, instructions on using bowel cleansing agents (via
images and videos), precautions for a colonoscopy, and fluid
intake records, and provides references to the type of last bowel
movement for understanding the differences compared to that
during endoscopy. The design allows users to navigate
intuitively, freely scrolling, tapping, and browsing related
content between pages [27,28]. Push notifications are
recommended to include instructions or prompts. Therefore,
through push notifications, users are informed about relevant
BP information to avoid any execution errors. Considering the
user groups are middle-aged and older adults, complex actions
are avoided. Instead, the key content is displayed directly in the
push notification message. When a notification is received,
users can click on the pushed message, which leads them to the
relevant page with clear instructions or recommendations to
view more detailed content. This approach reduces the chance
of users misunderstanding the message. The user-centered push
notification feature for BP steps enhances user engagement
[29,30].

Aronchick Bowel Preparation Scale
After completing a colonoscopy, the physician submits a rating
of the BP level using the Aronchick Bowel Preparation Scale
(ABPS) in the endoscopy report system [1,31,32]. The ABPS
is one of the most comprehensive and commonly used scales
to describe the visualization of the colon and assess the
percentage of stool covering the entire colon mucosa to explain
the state of BP [33]. Based on this assessment, the adequacy of
bowel cleansing is graded as excellent, good, fair, poor, or
inadequate [11,33-35]. In Taiwan, domestic quality indicators
for colonoscopy align with ABPS standards, targeting a 90%
or above rating for both “excellent” and “good” categories. This
ensures a high standard of care in colorectal screening,
enhancing procedural accuracy and improving patient outcomes
[36,37].

TAM
The TAM explains the behavior of users accepting new
information technology in the field of computer technology
[38]. Perceived usefulness and perceived ease of use affect
users’ attitudes toward adopting new technology, thereby
influencing willingness and usage behavior. The perceived ease
of use, perceived usefulness, attitudes, and behavior of outpatient
endoscopy patients toward the ColonClean mHealth app were
evaluated to assess their acceptance of using it. The
questionnaire adopted a 5-point Likert scale. The 4 dimensions
assessed by outpatient endoscopy patients after using
ColonClean were perceived ease of use, perceived usefulness,
attitudes, and usage behavior. The response options ranged from
1=“strongly disagree,” 2=“disagree,” 3=“neutral,” 4=“agree,”
to 5=“strongly agree.” Higher scores indicated a higher level
of agreement, while lower scores indicated a lower level of
agreement. The questionnaire was initially developed based on
literature references [39]. Three nursing informatics experts and
scholars were then invited to evaluate the applicability and
clarity of each question and to provide suggestions for
improvement.

The Cronbach α coefficient was used to assess the internal
consistency of the questionnaire items in this study. For the
perceived usefulness dimension, consisting of 6 items, Cronbach
α was 0.971. For the perceived ease of use dimension, consisting
of 6 items, Cronbach α was 0.950. For the attitude dimension,
consisting of 5 items, Cronbach α was 0.930. For the usage
behavior dimension, consisting of 6 items, Cronbach α was
0.976. The questionnaire comprised a total of 23 items, and the
Cronbach α coefficient for the scale was 0.986, indicating high
internal consistency, meeting the requirement of a Cronbach α
coefficient exceeding 0.7.

The structured questionnaire was designed and validated for
reliability and validity by 3 nursing informatics experts.
Participants accessed the questionnaire through a built-in link
within the app, with the collected data stored in the backend
management center for subsequent analysis.

Analysis
The data were analyzed using SPSS 25.0 (IBM Corp), with the
utilization of the Pearson product-moment correlation and simple
regression analysis to predict the perception of ColonClean.

Results

Demographic Characteristics
The demographic characteristics of the participants were as
follows: 17 males (43%) and 23 females (58%); 27 participants
aged ≥50 years (68%); and 35 participants with a high
school/vocational education or above (88%).

ColonClean
After completing their colonoscopy, each research participant
provided feedback on their experience with the ColonClean app
within 3 days.. The feedback highlighted several key aspects
of the app’s design that contributed to user satisfaction and
engagement:
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• User-centered design: Participants appreciated the intuitive
user interface, which maintained consistency in themes and
main menu content. The clear and simple instructions,
presented through a combination of text and visuals,
facilitated user-friendly navigation. This consistency helped
users feel more confident using the app.

• Examination date reminder: The feature displaying the
examination date at the top of the main menu was
well-received, as users felt it helped them stay organized
and aware of the timing, potentially increasing compliance
with preparation protocols.

• Graphic representations: Users found the unique graphic
representations of dietary restrictions particularly helpful,
as they enhanced understanding compared to traditional
text descriptions. This visual approach was seen as effective
in clarifying preexamination dietary options.

• Medication instructions: The clear, red-highlighted
instructions for using bowel cleansing agents, along with
drug images, dosage information, and timing, received
positive feedback. Users appreciated the visual cues that
simplified the medication process.

• Hydration tracking: Participants valued the hydration
tracking feature, which encouraged them to monitor their
water intake. Reminders to increase consumption when
below recommended levels and positive feedback for
meeting goals were highlighted as motivational elements
that enhanced their commitment to the BP process.

• Bowel movement comparison: The option to take a photo
of their last bowel movement and compare it with reference

images was particularly beneficial. Users reported that this
feature provided clarity on the required level of bowel
cleanliness, enhancing their understanding of preparation
requirements.

• Medication reminders and push notifications: The
integration of medication reminders, particularly for chronic
medications and anticoagulant discontinuation, was praised
for preventing potential issues during the colonoscopy
process. Users appreciated the timely push notifications
that kept them informed about important tasks related to
their preparation.

Overall, the research results indicated that users found the design
of the ColonClean app effective in enhancing their
understanding of and compliance with BP instructions. The
app’s focus on intuitive navigation, visual aids, and timely
reminders contributed to a positive user experience, ultimately
improving the effectiveness of BP for colonoscopy.

ABPS
After completing the colonoscopy, the BP level is reported by
the endoscopist using the ABPS: 10 individuals (25%) achieved
a “fair” level, 26 individuals (65%) achieved a “good” level,
and 4 individuals (10%) achieved an “excellent” level. There
were no cases of “poor” or insufficient preparation leading to
interruption or inability to perform the examination.

TAM

Perceived Usefulness
The details of perceived usefulness are shown in Table 1.

Table . Perceived usefulness of the ColonClean app.

Mean (SD)Perceived usefulness of the ColonClean app

4.60 (0.59)Using ColonClean helps me quickly understand the tasks required for
bowel preparation.

4.55 (0.68)Using ColonClean provides easy access to relevant information about
bowel preparation.

4.65 (0.53)I believe that using ColonClean can improve the accuracy of my bowel
preparation.

4.65 (0.48)Using ColonClean enables me to effectively complete the required bowel
preparation tasks.

4.60 (0.59)ColonClean provides clear reminders about bowel preparation tasks, such
as dietary restrictions and monitoring the type of my last bowel movement.

4.65 (0.53)I find the educational information provided by ColonClean sufficient for
completing my bowel preparation tasks.

The table presents users’ perceptions of the usefulness of the
ColonClean app in managing BP tasks. The mean scores,
averaging around 4.62 of 5, suggest that users generally find
the app very helpful. Below is an interpretation of the key
findings:

• Understanding tasks (mean 4.60, SD 0.59): Users feel that
the ColonClean app helps them quickly understand the
requirements for BP, indicating clear and effective
communication of instructions.

• Access to relevant information (mean 4.55, SD 0.68): The
app is seen as a convenient tool for accessing important

information about the preparation process. However, this
metric has a slightly lower score, suggesting minor room
for improvement in delivering information.

• Increased accuracy (mean 4.65, SD 0.53): Users believe
that the app enhances the accuracy of their BP, reflecting
a high level of trust in the app’s guidance to meet medical
standards.

• Effective completion of tasks (mean 4.65, SD 0.48): The
app is viewed as highly effective in helping users complete
BP tasks correctly, suggesting that it provides practical
support throughout the process.
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• Clear reminders (mean 4.60, SD 0.59): The app is viewed
as highly effective in helping users complete BP tasks
correctly, suggesting that it provides practical support
throughout the process.

• Sufficient educational information (mean 4.65, SD 0.53):
The app provides enough educational material for users to
feel confident about completing their preparation, further
supporting its educational role.

In summary, the ColonClean app was perceived as highly useful
across various aspects of the BP process, with particularly strong
scores for accuracy, task completion, and educational
sufficiency. These results highlight the app’s effectiveness in
improving the user experience and promoting adherence to BP
protocols.

Perceived Ease of Use
The details of perceived ease of use are shown in Table 2.

Table . Perceived ease of use of the ColonClean app.

Mean (SD)Perceived ease of use of the ColonClean app

4.63 (0.54)I think the interface design of ColonClean is clear and easy to understand.

4.63 (0.54)I find the process of using ColonClean to be smooth.

4.63 (0.54)It is easy to navigate and locate the desired functions in ColonClean.

4.65 (0.58)I think the data presentation in ColonClean is quick and stable.

4.53 (0.75)I find the font size in the ColonClean interface appropriate and easy to
read.

4.68 (0.53)The information provided by ColonClean makes it easier to understand
the bowel preparation tasks.

Table 2 presents users’ perceptions of the ease of use of the
ColonClean app, highlighting their experiences with various
interface features. The mean scores indicate a generally high
level of satisfaction, with most ratings above 4.62 of 5,
suggesting that users find the app intuitive and user-friendly.
Below is an interpretation of the key findings:

• Clear interface (mean 4.63, SD 0.54): Users feel that the
interface design is intuitive and user-friendly. This clarity
in design is crucial for users’ initial engagement with the
app, suggesting that the developers prioritized usability.

• Smooth user experience (mean 4.63, SD 0.54): The app
operates smoothly, without lag or issues, which is essential
for encouraging continued use and satisfaction with digital
health tools.

• Easy navigation (mean 4.63, SD 0.54): The ease of
navigation suggests that users can quickly find the features
they need, reducing frustration and enhancing overall
satisfaction.

• Quick and stable data presentation (mean 4.65, SD 0.58):
Users appreciate the app’s rapid and reliable presentation
of information. This reliability enhances user trust, which

is particularly important in health care applications where
accuracy is critical.

• Appropriate font size (mean 4.53, SD 0.75): Although the
font size received a slightly lower rating, it still indicates
that most users find it suitable. The slightly lower score
suggests that some users might prefer larger text or different
font styles, which could be an area for improvement.

• Enhanced understanding of BP (mean 4.68, SD 0.53): Users
find that the information provided by ColonClean
significantly aids their understanding of BP tasks, which is
essential for ensuring compliance with medical procedures.

In summary, the high average scores across these metrics
indicate that users generally find ColonClean to be an
easy-to-use app that effectively supports BP. The highlighted
areas demonstrate strengths in design, functionality, and
educational support, with only minor adjustments needed in
font size to further enhance the user experience. These findings
suggest that ColonClean is a valuable tool for improving patient
preparation and potentially contributing to better clinical
outcomes.

Attitudes Toward Usage
The details of attitudes toward usage are shown in Table 3.

Table . Attitudes toward usage of the ColonClean app.

Mean (SD)Attitudes toward usage of the ColonClean app

4.63 (0.54)I believe ColonClean is an excellent choice for assisting with bowel
preparation before an examination.

4.65 (0.53)I am currently satisfied with the benefits provided by using ColonClean.

4.63 (0.59)I would be willing to use ColonClean again in the future if I need to under-
go bowel preparation.

4.60 (0.59)I find the information provided by ColonClean to be very useful.

4.35 (0.77)I prefer using ColonClean over paper-based nursing instructions (single
sheets).
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Table 3 summarizes users’ attitudes toward the use of the
ColonClean app, reflecting generally positive perceptions of its
utility and effectiveness in assisting with BP tasks. The mean
scores indicated a high level of satisfaction, with most ratings
above 4.57 of 5, suggesting a strong endorsement of the app’s
features and benefits. Below is an interpretation of the key
findings:

• Good choice for assistance (mean 4.63, SD 0.54): This high
mean score reflects a strong consensus among users that
ColonClean is an effective tool for supporting BP. The low
SD suggests consistent agreement on its usefulness in this
context.

• Satisfaction with benefits (mean 4.65, SD 0.53): Users’
satisfaction indicates that the app meets their expectations
and provides meaningful benefits during BP. The relatively
low SD further shows that most users feel positively about
the app’s contributions.

• Willingness to use again (mean 4.63, SD 0.59): Users
expressed a strong intention to use ColonClean for future
BPs, suggesting that their initial positive experiences built
trust in the app and that they see it as reliable.

• Usefulness of information (mean 4.60, SD 0.59): The
perception that ColonClean provides highly useful
information reinforces its role as a valuable educational
resource, effectively aiding users in understanding the
preparation process.

• Preference over paper instructions (mean 4.35, SD 0.77):
Although users generally prefer ColonClean over traditional
paper-based instructions, the slightly lower score and higher
SD suggest that some users may still value printed materials
or have mixed feelings about fully transitioning to digital
formats. This variability presents an opportunity for further
enhancements in the app’s usability and content delivery.

In summary, the high mean scores (above 4.57) suggested that
users had a positive attitude toward ColonClean, seeing it as an
effective and beneficial tool for BP. The consistent responses
(low SDs) indicated broad agreement among users on its
usefulness. Meanwhile, the variation in preference over paper
instructions may highlight areas for potential improvement.
This feedback can guide future updates and enhancements to
maximize user satisfaction and efficacy.

Usage Behavior
The details of usage behavior are shown in Table 4.

Table . Usage behavior of the ColonClean app.

Mean (SD)Usage behavior of the ColonClean app

4.73 (0.45)I am willing to use ColonClean as an aid for bowel preparation.

4.70 (0.52)I am highly satisfied with the ability to access knowledge through Colon-
Clean during bowel preparation.

4.63 (0.63)I would recommend ColonClean to friends and family in the future.

4.70 (0.52)I would use ColonClean to improve the effectiveness of bowel preparation.

4.68 (0.53)I believe ColonClean provides useful information during the bowel
preparation period.

4.73 (0.51)Overall, I find using ColonClean to be satisfactory.

Table 4 summarizes the usage behavior of the ColonClean app
and reveals overwhelmingly positive user sentiment. The overall
mean score of 4.69 indicates high satisfaction with the
experience of using ColonClean. This average score, combined
with a relatively low SD (0.50), suggests a strong consensus
among users regarding the app’s effectiveness and utility. Below
is an analysis of the meaning behind the scores:

• Willingness to use (mean 4.73, SD 0.45): The high mean
score indicates that users are very inclined to use
ColonClean as a supportive tool for BP. The low SD
signifies that this sentiment is widely shared, suggesting
strong confidence in the app’s benefits.

• Satisfaction with knowledge access (mean 4.70, SD 0.52):
Users expressed a high level of satisfaction with the
knowledge accessible through the app during BP. This
indicates that ColonClean effectively meets their
informational needs, enhancing their preparation experience.

• Recommendation to others (mean 4.63, SD 0.63): The
willingness to recommend ColonClean to friends and family
reflects users’ trust in the app’s efficacy. Although this
score remained positive, the slightly higher SD suggests

some variability in users’ willingness to recommend it,
possibly due to differing experiences or expectations.

• Improvement of effectiveness (mean 4.70, SD 0.52): Users
believed that ColonClean enhanced the effectiveness of
their BP, reinforcing the app’s perceived value as a helpful
resource in the preparation process.

• Useful information obtained (mean 4.68, SD 0.53): The
belief that the app provides useful information further
underscores its utility as an educational tool. Users
recognized that the app offers relevant guidance throughout
the preparation period.

• Overall satisfaction (mean 4.73, SD 0.51): The high overall
satisfaction score indicates that users felt positively about
their experience with ColonClean. The consistency of this
sentiment, reflected by the low SD, suggests that many
users share a similar level of satisfaction.

In summary, the high mean scores across all categories reflect
users’ positive attitudes and satisfaction, underscoring
ColonClean as a valuable tool for assisting with BP. The low
SDs across most items indicate consistency in user experiences,
suggesting that ColonClean effectively meets users’ needs and
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expectations. This feedback is critical for developers, as it
reinforces the app’s strengths and highlights areas where further
enhancements could be beneficial.

Analysis

Pearson Correlation Coefficients
Pearson correlation coefficients were used to analyze the
relationships among users’ attitudes, perceived usefulness,
perceived ease of use, and usage behavior of the ColonClean
mHealth app (Table 5). The results indicated a significant

positive correlation between users’ attitudes and perceived
usefulness (r38=.907, P<.001), users’ attitudes and perceived
ease of use (r38=.825, P<.001), users’ attitudes and usage
behavior (r38=.835, P<.001), perceived usefulness and perceived
ease of use (r38=.894, P<.001), perceived usefulness and usage
behavior (r38=.933, P<.001), and perceived ease of use and
usage behavior (r38=.958, P<.001). Positive correlations were
demonstrated between perceived usefulness and perceived ease
of use, usage attitude, and usage behavior.

Table . Correlations among perceived usefulness, perceived ease of use, usage attitude, and usage behavior.

Usage behaviorUsage attitudePerceived ease of usePerceived usefulness

Perceived usefulness

1Pearson correlation
analysis

Significance level (2-
tailed)

40Number

Perceived ease of use

10.894Pearson correlation
analysis

<.001Significance level (2-
tailed)

4040Number

Usage attitude

10.8250.907Pearson correlation
analysis

<.001<.001Significance level (2-
tailed)

404040Number

Usage behavior

10.8350.9580.933Pearson correlation
analysis

<.001<.001<.001Significance level (2-
tailed)

40404040Number

Simple Regression Analysis
We used simple regression analysis to predict the correlation
among the perceived usefulness, perceived ease of use, usage
attitude, and usage behavior in the context of ColonClean. The
correlation between perceived usefulness and usage attitude,
with usage attitude as the criterion variable and perceived
usefulness as the predictor variable, yielded B=0.907, t38=13.3.
This model explained 82.3% of the variance in usage attitude

(R2=0.823), and the test result with P<.001 indicated that
perceived usefulness was a significant predictor variable for
usage attitude. This suggests that when users perceive the app
as providing substantial assistance, their attitude toward using
it improves significantly. This highlights the importance of
enhancing the app’s practical functionality to foster a positive
user experience. Similarly, the correlation between perceived

usefulness and usage behavior, with usage behavior as the
criterion variable and perceived usefulness as the predictor
variable, resulted in B=0.933, t38=16.0. This model explained

87.1% of the usage behavior (R2=0.871), and the test result with
P<.001 demonstrated that perceived usefulness significantly
predicted usage behavior. When users believe that the app helps
improve their preparation process, they are more likely to engage
actively with it. The correlation between perceived ease of use
and usage attitude, with usage attitude as the criterion variable
and perceived ease of use as the predictor variable, resulted in
B=0.825, t38=9.0. This explained 68% of the variance in attitude

toward use (R2=0.68), with P<.001, indicating perceived ease
of use as a significant predictor of attitude toward use. When
users find the app easy to use, their attitude becomes more
positive. This reflects their comfort and satisfaction during use,
which in turn influences their willingness to engage with the
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app. When determining the correlation between perceived ease
of use and usage behavior, with usage behavior as the criterion
variable and perceived ease of use as the predictor variable, the
result was B=.958, t38=20.5. This model explained 91.7% of

the variance in usage behavior (R2=.917), with P<.001,
indicating that perceived ease of use significantly predicted
usage behavior. When users perceive the app as easy to operate,
they are more likely to engage actively. This underscores the
importance of simplifying the app’s interface and functionality
to enhance user engagement and satisfaction.

In summary, the results indicate that both perceived usefulness
and perceived ease of use have a significant positive impact on
user attitudes and behaviors. This suggests that enhancing the
perceived usefulness and ease of use of the ColonClean app
during its design may encourage more positive user attitudes
and behaviors, thereby improving health management outcomes.
These findings not only validate the app’s usability but also
provide empirical support for future improvements.

Discussion

Principal Findings
Mobile health apps are increasingly used for illness prevention,
education, and promoting healthy lifestyles [40]. However, the
requirements for BP are often complex and challenging for
patients to navigate and remember. To help outpatient
colonoscopy patients adhere to dietary guidelines, manage bowel
cleansing agents, and maintain regular medication schedules,
push notifications were incorporated into the app’s design. The
app, protected under the patent titled “ColonClean Mobile
Management System” (patent number M639094, Republic of
China), features a user-centric interface that is both intuitive
and visually appealing. The well-designed interface, content,
push notifications, and multimedia section of the ColonClean
mHealth app provide users with a convenient and helpful
experience when using their mobile devices for health
management. Users expressed their willingness to use the app
again in the future and recommend it to family and friends,
highlighting its effectiveness as an educational guide for BP.

User Attitudes and Preference for Paper-Based
Instructions
Despite the overall positive reception of the ColonClean app,
some users indicated a preference for paper-based instructions,
as reflected in the lower mean score (mean 4.350.77) on this
aspect. This finding aligns with existing literature suggesting
that certain users may find physical formats more reliable or
easier to reference than digital alternatives [41]. Factors
contributing to this preference may include concerns about
technology accessibility, device compatibility, or personal
comfort with digital apps for health management.

Additionally, the preference for paper-based instructions may
arise from a desire for tangible resources that can be easily
annotated or highlighted [42]. Some users may feel that printed

materials provide a more straightforward and immediate
reference during the preparation process, particularly in
situations where mobile devices are not accessible or convenient
[43]. Therefore, while the digital format of the ColonClean app
offers numerous advantages, such as interactivity and real-time
updates, it is essential to recognize the value that traditional
paper-based resources continue to hold for certain individuals.

Limitations and Recommendations
The ColonClean app operates on the Android system and
functions as an mHealth app for mobile devices. However, it is
important to note that during the acceptance process, instances
may arise where individuals with non-Android operating systems
or outdated device models are unable to be included in this
study. Those unable to download ColonClean by scanning the
QR code were excluded. It is advisable to consider optimizing
future mHealth apps so that they can be integrated into mobile
devices of various operating systems. This enhancement would
contribute to more inclusive nursing guidance for BP, ensuring
accessibility across platforms.

In the current era of smart health care, it is recommended to
incorporate artificial intelligence recognition capabilities into
the ColonClean app. Specifically, for the section where users
capture images of their last bowel movement, artificial
intelligence can automatically analyze and determine the quality
of the stool, categorizing it as “excellent,” “good,” “fair,” or
“poor.” This improvement would facilitate a more accurate
assessment of the final bowel movement status. Furthermore,
optimizing the ColonClean mHealth app for other individuals
who require BP, such as those undergoing colorectal surgery
or hospitalized patients preparing for colonoscopy, would ensure
the successful completion of bowel cleansing.

Additionally, in light of the COVID-19 pandemic, when
individuals undergoing screening needed to reschedule their
appointments due to a positive diagnosis or being a close
contact, or when they encountered issues like poor bowel
movements, a consultation chat window was recommended as
a future addition to address user inquiries and provide real-time
solutions, thus maintaining user engagement and satisfaction.
To ensure the continuity of examinations and achieve the
objectives of examination, diagnosis, and treatment, it is crucial
to minimize ineffective examinations or schedule cancellations
that may impact individuals in need of these examinations. This
approach aims to maintain a steady number of examinations
and fulfill the purpose of providing necessary medical
assessments and subsequent care.

Conclusions
In summary, while the ColonClean app shows promise in
supporting BP, it is essential to recognize user attitudes toward
traditional paper-based instructions. Enhancing the app with
broader accessibility, artificial intelligence capabilities, and
additional user support features could significantly improve its
effectiveness and reach, ultimately contributing to better health
outcomes for patients requiring BP.
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Abstract

Background: Repeated applications of short-term dietary assessment instruments are recommended for estimating usual dietary
intake. For this purpose, NutriDiary, a smartphone app for collecting weighed dietary records (WDRs) in the German population,
was developed.

Objective: We aim to describe NutriDiary and evaluate its usability and acceptability.

Methods: NutriDiary was developed as a WDR, allowing users to enter food items via text search, barcode scanning, or free
text entry. The sample for the evaluation study included 74 participants (n=51, 69% female, aged 18‐64 years), including 27
(37.5%) experts and 47 (63.5%) laypersons (including n=22, 30%, nutrition students). Participants completed a 1-day WDR and
entered a predefined sample meal (n=17 foods) the following day by using NutriDiary. An evaluation questionnaire was answered
from which the system usability scale (SUS) score (0‐100) was calculated. A backward selection procedure (PROC REG in
SAS; SAS Institute) was used to identify potential predictors for the SUS score (age, sex, status [expert or laypersons], and
operating system [iOS or Android]).

Results: The median SUS score of 75 (IQR 63‐88) indicated good usability. Age was the only characteristic identified as a
potential predictor for a lower SUS score (P<.001). The median completion time for an individual WDR was 35 (IQR 19‐52)
minutes. Older participants took longer to enter the data than younger ones (18‐30 y: median 1.5, IQR 1.1‐2.0 min/item vs
45‐64 y: median 1.8, IQR 1.3‐2.3 min/item). Most participants expressed a preference for NutriDiary over the traditional
paper-based method.

Conclusions: Good usability and acceptability make NutriDiary promising for use in epidemiological studies.

(JMIR Hum Factors 2025;12:e62776)   doi:10.2196/62776

KEYWORDS

dietary assessment; food record; barcode scanning; app; mobile phone

Introduction

Usual dietary intake, the long-term average daily intake of a
nutrient or food, is the relevant exposure when studying
diet-health relationships in nutritional epidemiology. To estimate
usual dietary intake, repeated applications of short-term dietary
assessment instruments are recommended [1]. Self-reported
dietary intake is the most commonly used method in large-scale
studies through its rapid and cost-effective use. Mostly,
instruments such as 24-hour dietary recalls, food frequency
questionnaires or dietary records (DRs) are used, with each of
these methods having individual limitations and strengths [2].
Repeated use of these traditional dietary assessment instruments
is costly and burdensome for both participants and researchers

[3,4]. Innovative technologies such as web- or smartphone-based
tools have the potential to facilitate self-reported dietary
assessment by reducing the costs and time effort of data
collection and postprocessing while achieving higher acceptance
in study participants [5-7]. Smartphone technology seems
particularly promising among those innovative approaches.
First, smartphones are widely available to a large proportion of
the population. According to a survey conducted in 2021, over
95% of people aged older than 13 years in Germany already
use a smartphone [8]. Second, due to the advantage of portability
and the fact that most people always carry their smartphone
with them, smartphone-based tools are well suited for real-time
recording of food intake [1]. Third, smartphone apps can
facilitate food entry through the supplementary use of an
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integrated barcode scanner or by using the camera function,
which reduces the need to look up every food item in a database
or enter it manually [9]. Nowadays, a large number of
commercial nutrition apps for self-tracking or nutritional advice
are freely available [10,11]. However, because of their limited
scope and questionable quality of nutrient information, those
apps tend to be unsuitable for dietary assessment in
epidemiological studies [12,13]. Thus, several DR apps have
been developed specifically for use in epidemiological studies.
In a systematic review by König et al [14], 5 core assessment
features to collect data on dietary intake in scientific studies by
smartphone apps were identified: photo-based assessment,
assessment of serving or portion sizes, free-text description of
food intake, selection from a food database, and classification
systems. These features are used either alone or in combination.
Thereby, the combination of photo-based recording with
free-text descriptions of the consumed foods or the joint use of
a food database and the assessment of serving or portion sizes
were the most popular methods [14].

To provide a digital alternative for paper-based dietary
assessment in epidemiological studies, we developed NutriDiary,

an app for conducting weighed dietary records (WDRs) with
an integrated barcode scanner. This paper aims to describe the
current version of NutriDiary and to report on its usability and
acceptability in laypersons and experts.

Methods

NutriDiary and the NutriDiary Database

Development and Functions of NutriDiary
NutriDiary was developed as a smartphone app to conduct
WDRs within nutritional epidemiological studies. The app is
available in common app stores and study participants (hereafter
referred to as users) can use the app on their smartphones with
personal login data (Figure 1A). Users can start their WDR after
agreeing to the data protection regulations (Figure 1B). When
entering a new eating occasion, users are initially asked to enter
the date, time, and place of consumption (Figure 1C). Then, the
app offers three ways to enter food, beverages, and supplements:
(1) a text search and subsequent selection from the underlying
database, (2) barcode scanning in the underlying database, or
(3) free text entry.

Figure 1. The NutriDiary app (android version): (A) screen for entering access data, (B) welcome screen, and (C) food entry.

If a food item cannot be identified via barcode scanning, the
user is guided through a standardized process for collecting all
relevant product information (hereinafter referred to as the
NutriScan process). Thereby, the user is asked to take photos
of the brand and product name, the barcode, the ingredient list
and the nutrient table following step-by-step instructions
(Multimedia Appendix 1). This data is then sent to the NutriScan
server and automatically read out using optical character reading.
Researchers can access, edit, and download this data via a
moderation platform. Based on the packaging information,

dieticians can match detailed nutrient data from a similar product
in the database or estimate detailed nutrient values by recipe
simulation in order to continuously update and expand the
underlying database (Figure 2). The recipe simulation is carried
out manually using the list of ingredients and the nutritional
table and is described in detail elsewhere [15]. Finally, users
enter the weighed amount consumed, preparation method, and
quantity of potential leftovers (Figure 1C). If weighing is not
possible, users are provided with a range of specified options
in the drop-down menu to select an estimated portion size, such
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as teaspoon or slice. After all foods and beverages have been
entered, users are redirected to the main screen, where all entered
eating occasions are displayed for final review. To further ease
the process of recording, NutriDiary offers some usability
features. A recipe editor allows entry of custom recipes, which
will be added to the user’s personal databases. An integrated
help mode provides immediate and problem-specific assistance
to users by simply touching the screen element they need help
with. In addition, the app includes a photo function for collecting

information, for example, on meals consumed out-of-home and
entered via free text. After finishing the WDR, data are
submitted to a server of the University of Bonn (NutriDiary
server, Figure 2). This server also provides an administration
tool to researchers (researcher website) where scientific
personnel can select project-specific settings, for example, study
name, study duration or the number of recording days. The app
also offers the option to integrate an individual questionnaire
at the end of the recording period.

Figure 2. Overview of the data structure and data flow of the NutriDiary app; ND: NutriDiary; OCR: optical character reading.

Description of the NutriDiary Database
The complex database structure of NutriDiary is shown in Figure
2. It currently contains more than 150,000 items (approximately
25% are duplicates due to different packaging sizes and different
barcodes) which come from various sources. The core database
is divided into the NutriDiary nutrient database and the
NutriDiary product information database. The basis of the
NutriDiary nutrient database is an adaptation of the in-house
food and nutrient database of the DONALD (Dortmund
Nutritional and Anthropometric Longitudinally Designed) study
named LEBTAB (LEBensmittelTABelle, food table) [15-17].
LEBTAB currently contains around 19,000 generic and branded
food items (as of June 2023) with corresponding contents of
energy, 82 nutrients, and other nutritional components. Data
entries for generic foods are based predominantly on the German
national standard food database “Bundeslebensmittelschlüssel”
(version 3.02 [18]; Federal Ministry of Food and Agriculture).
The energy and nutrient contents of branded foods are
predominantly estimated by recipe simulation using labeled
ingredients and declared nutrient contents [15,17]. When the
participant enters a food item from the NutriDiary nutrient
database, this item is automatically coded and the corresponding

values for energy and 82 nutrients are available. To enhance
user-friendliness and allow barcode scanning, additional branded
food products and barcode information were added to the
NutriDiary database structure by:

• requesting product information (product name, barcode,
ingredient list, and nutrition table) from food manufacturers
and others (Atrify [19], a subsidiary of GS1 Germany
[1WorldSync] and DATA NatuRe eG [20], a cooperative
to create a central data pool for organically produced foods)
to set up the NutriDiary product information database, and

• adding barcode information of already included branded
products to the NutriDiary nutrient database by searching
in open databases such as Open Food Facts [21], codecheck
[22] (Producto Check GmbH), and Open EAN/GTIN
Database (European Article Number [EAN]/Global Trade
Item Number [GTIN]) [23].

For the branded products obtained through step 1 (NutriDiary
product information database), information only on the
nutritional values indicated on the packaging (big 7) and the
ingredient list are available (Figure 2). When a participant
reports one of these products in a WDR, the trained dieticians
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match extended nutrient values of an equivalent food from the
NutriDiary nutrient database or carry out a recipe simulation as
already mentioned above [15]. This step generates all 82
nutrients for these products and they are then transferred to the
NutriDiary nutrient database, which is constantly growing.

The NutriDiary Evaluation Study

Study Design
A layperson and expert evaluation was conducted. Participants
were asked to keep an individual WDR with NutriDiary for 1
day and to enter a predefined sample meal on the following day.
The sample meal was identical for all participants and included
4 meals (breakfast, snack, lunch, and dinner) and was provided
as a digital presentation sent to study participants via email.
The sample meal comprised both, generic (n=15, presented as
text) and branded food items (n=3, presented as pictures of the
packaging including barcode), all labeled with a hypothetical
quantity of consumption, preparation method, and type of entry
(text entry vs barcode scanning). Participants were generally
instructed to enter branded products via scanning the barcode.
Further, 1 product was intentionally not available in both
NutriDiary databases, requiring participants to complete the
NutriScan process in order to add the food item to the record.
Furthermore, participants were tasked to correct a logged entry
and to enter a hypothetical leftover without further instructions
but with reference to the NutriDiary website [24] to test whether
the aids provided there (frequently asked questions and help
videos) fulfill their purpose (ie, helping users to help
themselves). After participants completed their WDR and
entered the sample meal, they were asked to answer an
app-integrated evaluation questionnaire on usability and
acceptability of NutriDiary on day 3. As the WDRs were not
analyzed at the nutrient level, no scales were handed out for
weighing the food on day 1. The participants were asked to use
scales from their households.

All participants were provided with a short video giving key
instructions on how to use NutriDiary before starting the WDR.
The video gave a brief overview of how to use the help mode,
enter foods (via text search, barcode scanning, or free text entry)
and navigate the recipe book. Furthermore, participants were
informed about the NutriDiary website [24], where frequently
asked questions and help videos for both, iOS and Android can
be found. Beyond this, participants did not undergo any
additional training in using the app.

Recruitment of This Study’s Population
We aimed to recruit a minimum of 51 participants, based on
the assumptions outlined by Lewis and Sauro [25]. This
recommendation takes into account an SD of 17.7, which is
typical for system usability scale (SUS) scores [25], and ensures
sufficient precision to achieve a 95% CI with a margin of error
of ±5 points. This study recruited both laypersons and experts.
Experts (trained nutritionists with experience in the field of
dietary assessment) were recruited via direct invitations (n=28).
Laypersons (n=52) were recruited via oral advertisement in
lectures, mailing, and personal contact by students studying
nutrition and food science at the University of Bonn, and as part
of a student project. The latter mainly targeted participants

between 30 and 60 years of age (in the personal environment
of the students and in 2 gyms) in order to increase the number
of participants in middle age and older in the group of
laypersons. All participants had to be fluent in the German
language, have a functioning smartphone and a valid email
address. Written informed consent from all participants was
obtained before enrollment.

Usability and Acceptability Assessment
The questionnaire on usability and acceptability included 14
questions on 3 different categories (usability, acceptance, and
technical issues). The usability of NutriDiary was assessed by
using the SUS by Brooke [26,27], which allows for comparison
between similar systems or products. In short, the SUS is a
Likert scale consisting of 5 positive statements (odd-numbered)
and 5 negative statements (even-numbered) to which
respondents indicate their degree of agreement on a scale from
1 (strong disagreement) to 5 (strong agreement). For odd items,
1 is subtracted from the user response, and for even-numbered
items, 5 is subtracted from the user response, added up and
multiplied by 2.5 to convert the score ranging from 0 to 100,
whereas higher scores indicate better usability. According to
Bangor et al [28], an SUS score below 50 is considered as “not
acceptable,” a score between 50‐70 years as “marginal,” and
a score above 70 as “acceptable” [28,29]. In our study, an
appropriate German translation of the SUS developed by SAP
usability professionals of a German software corporation (SAP
SE; Systems, Applications & Products in Data Processing
Societas Europaea) was used and integrated into the usability
questionnaire [30].

Age and sex of the participants were assessed within the
evaluation questionnaire. Status (expert or layperson) was
already categorized during the recruitment process. Information
on the operating system was automatically recorded when
NutriDiary was used and sent to the server together with the
questionnaire data. To find out whether participants would prefer
the app to a traditional paper-based WDR, 2 additional questions
in the same structure of the SUS were added. In order to assess
technical problems participants were asked whether technical
errors occurred (yes or no) and, if yes, to describe the error in
more detail (free text entry).

Furthermore, in-app behavior of users was recorded and
evaluated. The completion time for a WDR with NutriDiary
was determined by using the activity protocol of the app, in
which all actions were recorded and time-stamped. For this, the
time of all input activities was summed up. Interruptions of
more than 5 minutes were counted as breaks and excluded from
summation. As the time effort of a WDR depends on the
complexity of the meals and the number of foods eaten, the
relative completion time (completion time divided by the
number of items) was additionally calculated. Furthermore, the
percentage of estimated household measurements was of interest
as well as the percentage of automatically coded WDR entries.

Statistical Analyses
Results and participants’characteristics are presented as median
with their lower IQRs for continuous variables or as relative
frequencies (%) for categorical variables. A backward selection
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procedure (PROC REG in SAS) was used to identify
characteristics of participants that were potential predictors for
the SUS score. The following variables were tested: sex (male
or female), age (years), status (expert or layperson), and
operating system (iOS or Android). All statistical analyses were
conducted using SAS (version 9.4). The significance level was
set at P<.05.

Ethical Considerations
All examinations were carried out with written informed consent
from study participants. The NutriDiary evaluation study was
approved by the Ethics Committee of the University of Bonn
(project identification 445/23). All data collected in this study
has been pseudonymized to protect participant privacy. No
reimbursement was provided to participants for their
involvement in this study.

Results

From overall 80 study participants, 74 (27 experts) completed
the NutriDiary evaluation study according to this study protocol

and answered the evaluation questionnaire (Table 1). Most
participants were female (51/74, 69%) and younger than 30
years of age (41/74, 55%).

The overall age ranged from 18 to 64 years and the median age
was 29 years (IQR 25‐45). Overall, 54% (40/74) of the
participants owned a smartphone with an iOS operating system.
Table 2 shows the SUS score for NutriDiary for the total study
sample and stratified by sex, age groups, status, and operating
system. In the overall study sample, the SUS score for
NutriDiary ranged from 43 to 100 (data not shown). The median
SUS score of 75 (IQR 63‐88) indicates a good usability of
NutriDiary. The mean SUS score was 74 (SD 15; 95% CI 70-77;
data not shown). The median SUS score was higher in women
than in men (80, IQR 65‐88, vs 70, IQR 55‐78) and higher
in the group of experts than in the group of laypersons (80, IQR
65‐88 vs 73, IQR 58‐88), with female laypersons having a
higher SUS score than female experts (83, IQR 66‐88 vs 80,
IQR 60‐85). Looking at the group of laypersons after excluding
nutrition students (labeled in Tables 1 and 2 as “others,” median
age 55, IQR 29‐58, years), the median SUS score was 63 (IQR
50‐73).

Table . Characteristics of study participants of the NutriDiary evaluation study (N=74).

LaypersonsExpertsTotal

OthersNutrition studentsTotal

25 (53)22 (47)47 (63.5)27 (36.5)74 (100)Participants, n (%)

Sex (group), n (%)

9 (36)19 (86)28 (60)23 (85)51 (69)    Women

55 (29‐58)23 (22‐26)27 (23‐56)35 (28‐40)29 (25‐45)Age, median (IQR)

Age (years), n (%)

7 (28)22 (100)29 (61.7)12 (44.4)41 (55.4)    Age group 1: 18-≤30

4 (16)0 (0)4 (8.5)11 (40.7)15 (20.3)    Age group 2:>30-
≤45

14 (56)0 (0)14 (29.8)4 (14.8)18 (24.3)    Age group 3:>45‐
65

Operating system, n
(%)

16 (64)12 (54.5)28 (59.6)12 (44.4)40 (54)    iOS

9 (36)10 (45.5)19 (40.4)15 (55.6)34 (46)    Android
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Table . System usability scale (SUS) score for the NutriDiary app presented as median (IQR) values.

MenWomenTotal

Median (IQR)nMedian (IQR)nMedian (IQR)n

70 (55‐78)2380 (65‐88)5175 (63‐88)74SUS score

Stratified by age group

71 (63‐85)1083 (70‐88)3180 (70‐88)41Age group 1: 18 -≤30 years

74 (70‐78)485 (65‐93)1180 (68‐90)15Age group 2: >30 -≤45 years

65 (50‐70)958 (48‐65)958 (50‐70)18Age group 3: >45‐65 years

Stratified by status

83 (70‐90)480 (60‐85)2380 (65‐88)27Experts

70 (55‐73)1983 (66‐88)2873 (58‐88)47Laypersons (total)

73 (70‐85)388 (78‐90)1985 (75‐88)22Nutrition stu-
dents

66 (53‐73)1655 (48‐65)963 (50‐73)25Others

Stratified by operating system

66 (55‐73)1480 (68‐90)2678 (65‐88)40iOS

73 (70‐85)975 (58‐85)2574 (58‐85)34Android

Among the age groups 1 (18-≤30 y) and 2 (>30-≤45 y), the
median SUS score was noticeably higher (80, IQR 70‐88 and
80, IQR 68‐90) than in age group 3 (58, IQR 50‐70). The
results of the backward selection procedure showed that age
was the only characteristic identified as a potential predictor
for the SUS score in the examined sample (P<.001).

Figure 3 shows the individual statements of the SUS
questionnaire and a summary of the answers given by the 74

participants, presented as box plots. The figure shows that
agreement tends to be high for the positive (odd-numbered)
statements and tends to be low for the negative (even-numbered)
statements, as is a prerequisite for a higher SUS score. Among
the positive statements, the participants showed the lowest level
of agreement with statement 1 “I think that I would like to use
NutriDiary frequently.” For the negative statements, agreement
was highest for statement 8 “I found NutriDiary very
cumbersome to use.”

Figure 3. User rating (N=74) of the individual statements of the SUS evaluating the usability and acceptability of NutriDiary, shown as box plots. The
dot represents the mean and the thick stripe the median. SUS: system usability scale.

Table 3 shows the results of the evaluated in-app behavior logs
and WDRs. The calculated median completion time for an

individual WDR (day 1) with NutriDiary was 35 (IQR 19‐52)
minutes. Participants needed a median of 1.6 (IQR 1.2‐2)
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minutes to enter an item. This relative completion time was
slightly higher in age group 3 (>45‐63 y) compared to younger
participants (1.8, IQR 1.3‐2.3, min/item vs 1.5, IQR 1.1‐2,
min/item). The median time it took participants to enter the
sample meal in NutriDiary on day 2 was 15 (IQR 12‐18)
minutes. The median relative completion time for entering the
sample meal was 0.8 (IQR 0.7‐0.9) min/item. Participants in
age group 3 took slightly longer than younger participants. The

median proportion of already coded items was 68% (IQR
55%‐82%) and the median proportion of estimated quantities
(not weighed) was 8% (IQR 0%‐29%). Younger participants
(age group 1) used more estimated household measurements
instead of weighing than participants in age groups 2 and 3
(0%‐26%, 8% vs 0%‐31%, 7% and 0%‐23%, and 4%,
respectively).

Table . Completion time and proportion of items already coded for the total sample (N=74) and stratified by age groups.

Age group 3: 46‐65 yAge group 2: 31‐45 yAge group 1: 18‐30 yTotal

18 (24.3)15 (20.3)41 (55.4)74 (100)Participants, n (%)

21 (13‐30)21 (19‐32)22 (16‐31)21 (15‐31)Number of entered items

day 1a

36 (17‐53)44 (19‐55)35 (19‐45)35 (19‐52)Total completion time day

1 (min)a

1.8 (1.3‐2.3)1.5 (1.1‐2)1.5 (1.1‐2)1.6 (1.2‐2)Relative completion time

day 1 (min/item)a

17 (13‐23)17 (11‐19)14 (11‐17)15 (12‐18)Total completion time sam-

ple meal (min)a

0.9 (0.7‐1.3)0.9 (0.6‐1.1)0.8 (0.6‐0.9)0.8 (0.7‐0.9)Relative completion time

sample meal (min/item)a

71 (50‐86)77 (62‐86)63 (56‐79)68 (55‐82)Proportion of items already

coded (%)a

4 (0‐23)7 (0‐31)8 (0‐26)8 (0‐29)Proportion of estimated

household quantities (%)a

aMedian (IQR).

In total, 24% (18/74) of the participants reported technical
issues. In 2 cases, the app crashed, but could be reopened
afterward and no data was lost. In 5 cases, participants stated
that they had problems finding newly added products (this
process is sometimes delayed in rare cases). Further, 4
participants reported that the selection from the drop-down
menu did not work properly. In the remaining cases, participants
described issues rather associated with this study design than
with the technical functions of NutriDiary or gave general
comments. For example, 4 participants reported that a barcode
presented in the sample meal could not be scanned from the
screen (probably due to varying screen-brightness and
screen-resolution).

Overall, 85% (63/74) of the participants were able to enter the
sample meal correctly. Of the 11 participants who made
mistakes when entering the sample meal, 5 were in age group
1, 2 in age group 2, and 4 in age group 3, indicating that age
did not affect the accuracy of data entry. In 2 cases, food items
were missing. Further, 3 participants had difficulties in editing
a WDR entry and entering hypothetical leftovers. Furthermore,
6 participants entered a different amount of food than that
presented in the sample meal. When participants were asked
whether they would prefer NutriDiary to the traditional paper
method, a total of 77% (57/74) agreed. Only 9.5% (7/74) could
imagine, that it would be easier to keep a WDR with
pen-and-paper than to use NutriDiary (Multimedia Appendix
2).

Discussion

Principal Findings
To our knowledge, an app-based WDR system with barcode
scanning function for scientific studies in Germany does not
exist so far. The popularity and widespread use of smartphones
make NutriDiary a promising alternative to the traditional
pen-and-paper approach. Different ways for entering food items
(text search, barcode scanning, and free text entry) and the
NutriScan function enable users to record the products they
consume in a very detailed manner. The digital data output has
the potential to reduce the burden for researchers also. In this
study, we evaluated NutriDiary in a convenience sample of
experts and laypersons and found good usability and
acceptability.

The median SUS score of 75 indicated good usability of
NutriDiary. The SUS score has been developed as a means to
measure the overall perceived usability of a system [26,27].
However, technology-based dietary assessment instruments for
scientific purposes are very specific tools that are not designed
for everyday use but to generate scientifically useful data. The
collection of these data is often challenging for the participants.
The first statement of the SUS questionnaire is “I think that I
would like to use this system frequently.” This statement is
unlikely to be agreed upon by many people in the case of a
WDR due to the burden on participants by the method itself.

JMIR Hum Factors 2025 | vol. 12 | e62776 | p.385https://humanfactors.jmir.org/2025/1/e62776
(page number not for citation purposes)

Klasen et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Nevertheless, the advantage of the SUS score is that it offers
the possibility to compare systems used in the same context
[27]. The median SUS score of 75 for NutriDiary (mean SUS
score: 74, SD 15, for comparison) is comparable with SUS
scores for other similar technology-based food records such as
“METADIETA-web” (mean SUS score: 68, SD 15, n=26) [31],
the “Eat and Track app” (mean SUS score: 69, n=15) [32] or
the “Traqq app” (mean SUS score: 79, SD 15, n=22) [33].

Age has been discussed as a major limiting factor for the use
of technology-based systems [29] or innovative dietary
assessment instruments [31,34,35]. Consistently, the results of
the backward selection procedure showed that age was identified
as a potential predictor for a lower SUS score in the examined
sample. Further, older participants took slightly longer to
complete a WDR with NutriDiary than younger ones. Feasibility
testing of the digital food record METADIETA-web by Vitale
et al [31] also showed that the preference for using the digital
tool instead of the traditional pen-and-paper method decreased
with increasing age [31]. Older generations did not grow up
with smartphones and computers and are therefore likely to be
less intuitive with apps and web-based tools than younger
generations. However, longer completion times could also be
explained by higher accuracy in entering items and greater
patience [36], which would be in line with the observation that
older participants used fewer estimated household measurements
instead of weighing than younger ones in our study (0%‐23%,
4% for age group 3 vs 0%‐31%, 7% and 0%‐26%, 8% for
age group 2 and 1, respectively). Nevertheless, an
understandable introduction to the use of the instrument might
be particularly important in the group of older adults. For
practical reasons, only an introductory video was sent out in
this study. Our experience in training users to use the NutriDiary
app shows that older people tend to ask more questions. This
can only be addressed in a face-to-face conversation where it
can be ensured that all relevant information is conveyed.
Therefore, we recommend a personal introduction when using
NutriDiary in epidemiological studies, if feasible.

The median SUS score was higher in women than in men and
higher in the group of experts than in the group of laypersons.
This may partly be explained by the fact that the proportion of
older people was higher in men than in women and higher in
the group of laypersons than in the group of experts. The group
of laypersons also included students of nutritional science.
Although this group certainly cannot be described as experts,
the students may have some background knowledge that could
have influenced the outcome. Whether this makes them more
critical or less critical in their judgment remains questionable.

WDRs have the potential to provide the most accurate
description of the types and amounts of the foods consumed
over a specified period of time, but they are also considered to
be one of the most burdensome and elaborate dietary assessment
methods. When conducting a WDR, participants have to weigh
and write down everything they eat and drink and always carry
their kitchen scales, the record sheet, and a pen with them. This
process is exhausting and time-consuming and requires a high
level of cooperation from the participants [37]. The median
completion time for conducting a WDR with NutriDiary was
35 minutes (1.6 min/item, Table 3) and can be rated as

acceptable. When looking at the median relative completion
time of the sample meal (here, the amount of the presented foods
was predefined), it can be assumed that the single entering
process (without weighing) takes around 0.8 minutes per item.
This result suggests that weighing accounts for about half the
completion time. Keeping this in mind, the single entering
process is roughly comparable with the reported average
completion time of other text-based DR apps, for example, with
“My Meal Mate.” Here, participants needed on average 22
minutes per day to complete a record with estimated (not
weighed) portion sizes [38].

Whether the NutriDiary app significantly reduces the completion
time compared to the traditional pen-and-paper method is
questionable, because the digital version of a WDR does not
change the fact that weighing is required for this dietary
assessment method. However, NutriDiary offers some
advantages that can make its use more attractive than the
traditional method. First, most people always carry their
smartphone with them and recording “on the go” is more
practical than using pen-and-paper. Presumably, this makes it
less likely that participants forget their records and need to add
the meal at a later time. Second, features such as the recipe book
and the barcode scanner can make recording easier, as frequently
consumed food combinations and recipes can be stored and
retrieved later, and consumed products can be added more easily.
Furthermore, integrated standard household measurements make
it easier to estimate the quantity if weighing is not possible, for
example, when eating out of home. The photo function allows
participants to add a photo of the meal, which can help the
postprocessing. To figure out whether NutriDiary is more
attractive to study participants than the traditional pen-and-paper
method, we added 2 more questions to the SUS questionnaire
(, Multimedia Appendix 2). The result clearly showed that the
vast majority would prefer using the NutriDiary app instead of
a paper-based food record. To avoid errors caused by application
problems using technology-based instruments, an understandable
introduction and information structure are necessary to prevent
frustration and enable participants to help themselves quickly
if they have difficulties. For this purpose, we designed a website
where all information and support materials are centralized in
1 location [24].

When using traditional DRs in epidemiological studies, the
postprocessing of the DRs is very time-consuming. The data
needs to be digitized and manually coded by the study staff. In
this study, 68% (IQR 55%‐82%) of the food entered in
NutriDiary was already coded. Furthermore, the data was
already available in digital form, suggesting less costs and time
in data postprocessing, compared to the pen-and-paper method.
NutriDiary was designed as an app for keeping WDRs, meaning
that participants are asked to weigh all the food and drinks they
consume. However, as experience showed that this is not always
possible, the app also offers the choice of standard household
measurements (eg, teaspoon, glass, or portion) to estimate the
quantity in situations where weighing is not possible.
Considering the burden of weighing all foods, this selection
option might tempt participants to estimate rather than weigh.
However, the proportion of estimated quantities was rather low
and can be considered manageable in this study.
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Within the development process of NutriDiary, building an
appropriate food database structure and the collection,
standardization, and integration of barcode and food packaging
information to enable food entry via barcode scanning was one
of the most challenging tasks. The underlying database
determines the users’ success in searching for food items and
is essential for the functionality and accuracy of technology
based, self-administered dietary assessment tools [3,39].
Therefore, we aimed to make the database as complete as
possible. Due to a high number of available branded foods and
the frequently changing food market, this is a major challenge
[12,40-43]. According to the Food Federation Germany [44],
there are more than 170,000 food products available on the
German food market. Every year, about 40,000 new products
are launched and just as many disappear [44]. It also happens
that manufacturers change food recipes, which can also change
the ingredient lists and nutritional values. These circumstances
mean that the database needs to be constantly updated. To make
this possible, the NutriScan function described above was
developed and integrated. If the app is used regularly, the
database is regularly updated with new products recorded by
users.

Strengths and Limitations
The NutriDiary evaluation study had some strengths and
limitations. As NutriDiary was developed for scientific use,
practicing nutritionists were also recruited as experts. Although
experts are not intended users of the app, their evaluation allows
for a professional view of the usability of NutriDiary.
Furthermore, experts decide on the use of the assessment
instrument in scientific studies, which is why their opinion on

usability is of particular importance in this context. To assess
user-friendliness in older age groups as well, we specifically
recruited older participants. However, this study population was
not representative of the general German population. Most
participants were female, young, and highly educated. This
limited the generalizability of our results. Nevertheless, it is
important to acknowledge that participants in epidemiological
studies frequently possess a higher educational status compared
to the general population. In addition, participants were aware
of the purpose of this study, which was to evaluate the usability
and acceptability of NutriDiary, making it difficult to assess the
quality and transferability of the data on the completion time
and proportion of items already coded. This study aimed to
assess the usability and acceptability of NutriDiary and does
not contain any data on the validity of the NutriDiary app.
However, providing information on the app’s validity and
psychometric properties is a critical prerequisite for its effective
application. Therefore, a validation study has already been
initiated and will give insights into the validity and quality of
the assessed nutritional data.

Conclusion
NutriDiary is the first smartphone based WDR app with
integrated barcode scanning function for scientific purposes in
Germany. The evaluation by experts and laypersons indicated
an acceptable completion time, good usability and acceptability
on the users’ side, whereby younger experts and laypersons
tended to rate the app better than older ones. Future research
will give insights into the validity and feasibility of NutriDiary
in different study populations.
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Abstract

Background: Research supports the use of mobile phone apps to promote medication adherence, but the use of and satisfaction
with these apps among medically underserved patients with chronic illnesses remain unclear.

Objective: This study reports on the overall use of and satisfaction with a medication adherence app (Medisafe) in a medically
underserved population.

Methods: Medically underserved adults who received care for one or more chronic illnesses at a federally qualified health
center (FQHC) were randomized to an intervention group in a larger randomized controlled trial and used the app for 1 month
(n=30), after which they completed a web-based survey. Objective data on app usage were provided as secondary data by the
app company.

Results: The participants were very satisfied with the app, with all participants (30/30, 100%) somewhat or strongly agreeing
that they would recommend the app to family and friends. Participants strongly agreed (28/30, 93%) that the reminders helped
them remember to take their medications at the correct time each day, and they (28/30, 93%) found the app easy to use. Additional
features accessed by some included educational features and the adherence report. Participants noted the helpfulness of having
a medication list on their phones, and some used it during medication reconciliation at doctor visits. Use of the Medfriend feature,
which alerts a social support person if a medication is missed, was low (n=2), but those who used it were very positive about the
feature.

Conclusions: A commercially available medication adherence app was found to be useful by participants, and they were satisfied
with the app and the additional features provided. The use of medication adherence mobile phone apps has the potential to
positively influence chronic disease management in a medically underserved population on a large scale.

Trial Registration: ClinicalTrials.gov NCT05098743; https://clinicaltrials.gov/study/NCT05098743

(JMIR Hum Factors 2025;12:e63653)   doi:10.2196/63653
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Introduction

Background
Medication adherence is vital for those with chronic illnesses
who require long-term medication therapies to maintain optimal
health. For example, medication adherence and persistence with
high blood pressure medications are known to significantly
decrease the risk of both cardiac events and stroke [1,2]. In those
with type 2 diabetes, medication adherence with hypoglycemics
reduces microvascular complications [3]. Unfortunately, the
burden of chronic diseases is increasing, with an estimated 60%
of adults in the United States having 1 chronic disease and 40%
having 2 or more chronic diseases [4]. The growth of chronic
disease burden coupled with a lack of medication adherence is
associated with increased health care expenditures due to
increased demands on health care resources [5,6] and poor health
outcomes such as worsening disease status and even death [5].
The economic impact of low medication adherence is estimated
to cost the US health care system between US $100 billion and
$290 billion annually [5-8].

Medication adherence is therefore particularly important in
medically underserved populations who seek care at federally
qualified health centers (FQHCs). These centers serve
communities and populations with a demonstrable unmet need
for health services [9]. These centers are reporting growth in
more complex patient populations because their patients have
higher rates of chronic conditions and social risk factors
associated with poorer health outcomes [10]. Additionally, lower
rates of medication adherence are seen in lower socioeconomic
populations [11,12] and those with multiple chronic conditions
[13]. The reasons for this are influenced by social determinants
of health and the material and social conditions in which people
live [14]. Adverse social determinants of health are associated
with lower medication adherence [15].

Mobile health (mHealth) interventions, defined as the use of
mobile wireless technologies for public health [16], have been
cited as a potential way to reduce health disparities among
chronically ill and medically underserved populations [17,18].
However, despite the promise of these technologies, researchers
indicate that mHealth interventions remain understudied in
medically underserved populations [17,18]. This is true of
medication adherence apps, which can support patients in
adhering to their medications through reminders, medication
educational information, adherence data, and social support.
Studies have shown mixed results for the interest in mobile
phone interventions in vulnerable populations [18,19].
Furthermore, research testing commercially available apps to
manage chronic disease in a racially and ethnically diverse
sample found that the usability of the tested apps in this
population was suboptimal [20]. Understanding and gathering
detailed data from diverse perspectives regarding the user
experience of medication adherence apps will provide important
information that is needed to support wider implementation.

A recent meta-analysis of the effectiveness of mobile apps on
medication adherence in adults with chronic illnesses found
that medication adherence mobile apps, which are designed to
be used across a range of multiple chronic health conditions,

remain underexplored [21]. This meta-analysis reported that in
general, patients have a high acceptance of medication apps,
but none of the studies analyzed included medically underserved
populations [21]. Eight studies have demonstrated increased
medication adherence with the use of medication adherence
apps [22-29], but only 3 of these were conducted in low-income
medically underserved populations [27-29]. Two of those studies
in underserved populations were focused on hypertension
[27,28], and the other included hypertension and type 2 diabetes
and was a post hoc analysis of a digital health offering using a
cluster-randomized design [29]. Only 1 of these studies,
conducted in an urban low-income population with hypertension,
obtained satisfaction information on the intervention [28].
Satisfaction with the app was high, and most participants felt
they would use the app or a similar program in the future.
Participants agreed that the app made it easier to keep track of
their medications and that having a medication list on their
phone made it easier to take care of themselves. More detailed
feedback from the participants or information on which features
of the app were used was not gathered [28].

A high-quality, free, commercially available smartphone
medication adherence app called Medisafe supports patients in
adhering to their medication regimen across disease states [30].
It uses a variety of advanced features, such as daily reminders,
which can be snoozed, rescheduled, and marked as taken or
missed; medication educational information in the form of
medication cards and videos; an interaction checker;
customizable refill reminders; adherence reports; and the ability
to designate a social support person to be notified if a medication
is skipped [23]. A randomized controlled trial (RCT) mixed
methods evaluation in patients with coronary artery disease
examined the efficacy [23] and the utility, acceptability, and
engagement [31] of the Medisafe app. This study was conducted
in a large urban tertiary hospital in Sydney, Australia and did
not focus on a medically underserved population. In addition
to improving self-reported medication adherence, overall utility
was rated positively, with participants indicating that having
their medication list on their phone and receiving timed
reminders were useful. Most participants engaged with the app
and its features; found the app acceptable, convenient, and easy
to use; planned to continue using the app; and would recommend
it to a family member or friend [31].

A qualitative study explored the potential benefits and barriers
of using a mobile medication app in a medically underserved
population in the United States [18]. The researchers found that
patients were willing to try smartphone apps but expressed
concerns about affordability, the technology being too
complicated, not keeping phones with them all the time, and
not being able to use all the features [18]. That study exposed
a knowledge gap regarding the perceptions and user experiences
of medically underserved patients with chronic illnesses who
use free commercially available medication adherence apps.

Purpose
To address the knowledge gaps, a larger RCT investigating the
efficacy of the Medisafe app (reported elsewhere) [32] was
performed for evaluating the overall use and satisfaction of
patients with a variety of chronic illnesses in a medically
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underserved population in an FQHC in the United States. The
efficacy portion of the RCT found significant improvements in
both medication adherence (Cohen d=0.52; P=.01) and
medication self-efficacy (Cohen d=0.43; P=.04) for participants
assigned to use the app compared to the usual care group [32].
As part of this RCT, participants assigned to the intervention
arm provided feedback and usage data regarding their experience
using the Medisafe app [32]. This manuscript presents the
summaries of the perceptions of patients enrolled in the
intervention arm of the RCT regarding the usefulness of and
satisfaction with the app features after 1 month of use. Given
the improvements observed in medication adherence and
self-efficacy, understanding patients perceived usefulness and
satisfaction with the app is important to address potential barriers
for uptake and use in larger medically underserved patient
populations who often receive care for chronic illnesses in
FQHCs.

Methods

Setting and Recruitment
Participants were recruited from November 2021 through June
2022 from an outpatient adult medicine department in an FQHC
in the northeastern United States. The inclusion criteria for the
RCT study were as follows: (1) adults aged 18 years or older,
(2) having the ability to speak and understand English, (3)
personally owning and using an Android smartphone (version
5.0 or above and at least 88 MB of phone space) or iOS
smartphone (version 13 or later and at least 165 MB of phone
space), and (4) taking at least one medication for a chronic
condition based on the computerized medical record at the health
center. Patients were excluded if they: (1) were already using
a medication reminder app or other electronic reminder system
such as phone alarms, (2) owned a smartphone not capable of
downloading the app, (3) had a diagnosis of severe dementia
or serious mental illness, or (4) were otherwise unable to use a
mobile phone or the medication reminder software either
physically or cognitively. For this study, only those participants
who were randomized to the intervention group and used the
Medisafe app were invited to participate in the survey.

Recruitment involved an informational flyer, a referral form
from clinicians at the health center, and in-person recruitment.
The flyer and referral forms were available to clinicians, staff,
and patients in the FQHC offices and at the reception desk. The
form contained study information, the contact information of
the principal investigator (PI), and a place for patients interested
in participation to provide their contact information. The form
also contained a section for health care providers (HCPs) to
refer potential patients and a section for their signature to verify
that the patient’s medications listed in the electronic health
record were correct and current. The PI (CH) conducted
in-person recruitment at the FQHC on multiple days per week
and worked with clinic staff to identify potentially eligible
patients. Although a convenience sample was used (ie, patients
visiting the clinic on any given day), the risk of selection bias
was reduced by using the aforementioned 2-prong approach to
identify eligible patients for recruitment, inviting all patients
meeting the eligibility criteria to participate, and using random

assignment to either the intervention or control group. The 2
groups were not statistically different [32]. The PI approached
eligible patients at the end of the health center visit to inform
them of the study. Once the PI confirmed participant eligibility
and obtained informed consent, participants were randomized
to either the intervention or control group. Additional details
of study procedures for the RCT have been previously published
[32].

Statistical Analysis
Based on a preliminary efficacy study for the RCT [33], a total
sample of 60 participants was estimated to enable the detection
of differences between the groups with Cohen d effect values
of 0.6-0.7 (80% power; α=.05) for the quantitative study
variables [32]. As 30 participants were randomized to the app
intervention group, their usage and satisfaction data are
presented in this manuscript. Descriptive statistics and frequency
distributions were used to describe the sample and determine
if the data were normally distributed. Qualitative participant
responses were transcribed into an Excel spreadsheet, and the
content was coded and summarized as themes by the researcher
(CH) and PhD faculty advisor (DPS).

Ethical Considerations
This research was approved by the Vanderbilt University
Institutional Review Board (IRB #211409) and is registered
with ClinicalTrials.gov (NCT05098743). All participants
received a copy of the consent form. Based on participant
preference, informed consent was completed as either an
IRB-approved e-consent form or a hard copy. The consent form
contained a privacy and confidentiality protection description
ensuring that all study data are deidentified. Participants received
a US $25 gift card after completion of the baseline survey and
a US $35 gift card after completion of the follow-up survey.

Medisafe App Intervention
The Medisafe app is a Health Insurance Portability and
Accountability Act (HIPAA) compliant medication adherence
app that is available at no cost in the iTunes and Google app
stores. In previous studies, Medisafe was ranked highly among
medication reminder apps [30,34]. The Medisafe app provides
interactive and customizable daily timed reminders to reinforce
medication taking at a set time every day through a push
notification, equivalent to an alarm or text message. The
reminders can be snoozed, rescheduled, or marked as taken or
skipped, and they are repeated a total of 3 times in 10-minute
intervals if the participant does not mark the medication dose.
Additional features include educational information in the form
of a medication database that includes written and video content
[30]. The written content is in the form of a medication card,
which Medisafe terms a leaflet, and it reviews what the medicine
is used for, medication interactions, what to do if the user misses
a dose, what the user should watch for, possible side effects,
how it should be used, and where to store the medication. Some
medications also have video content, consisting of a brief clip
of an HCP reviewing the most important considerations when
taking the medication, which can be viewed on tapping the
information icon. There is also an interactions tab that lists
possible interactions with the medications or food/alcohol.
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Lastly, there is an interaction checker where participants can
check for interactions between their medications. The app also
has a Medfriend feature, which allows participants to designate
a family member or friend as their support person. The
Medfriend feature will alert the designated Medfriend who can
provide peer support and additional reminders through text
messages, emails, or a telephone call if the patient misses a
dose. The language mode of the app can be switched, if desired,
to multiple foreign languages, including Spanish.

The PI helped consented participants set up the app using a copy
of the patient’s medication list extracted from the electronic
health record. The PI also reviewed how participants could
access and edit their medications; access medication educational
content; and indicate when a medication was taken, skipped, or
rescheduled. The PI reviewed with participants additional app
features such as Medfriend, medication interaction checking,
adherence reports, and refill reminders. Participants were also
shown how to access the help and support section in the app.
Following the app set up, the PI provided previously developed
educational materials as a take-home resource. These materials,
specific to either an iPhone or Android smartphone, included a
laminated “quick tips” card with short instructions on the
reviewed features and how to access them. Additional detailed
instructions on how to use the app were printed in a
question-and-answer format and distributed to participants.

Data Collection and Study Procedures
All study data were collected using observation, a REDCap
web-based survey, and secondary data provided by the app
company and were obtained using a data-sharing agreement
between institutions. REDCap is a secure web-based software
platform designed to support data capture for research studies
[35,36]. Following consent, all participants completed the
baseline study survey. Those randomized to the intervention
group also completed a survey at study end to obtain feedback
on the app, including usability and satisfaction.

Observation
While setting up the app for the intervention group, the PI
completed a study-specific observational behavioral checklist.
The purpose of the checklist was to inform the researchers if
participants had difficulty setting up the app and how long it
took them to do so. The checklist included documenting whether
the participant had difficulty visualizing the app and had
difficulty with dexterity while setting up the app, and mentioning
the number of times the participant’s input of medications
needed to be corrected. The length of time in minutes from
starting the download of the app to completing app set up and
reviewing the app was also documented.

Survey
After 1 month, based on preference, participants completed the
follow-up survey online, by phone, or in-person at the health
center. Participants who did not complete the follow-up survey
within 10 days of the 1-month follow-up date received 2
reminders via phone, email, or text message.

Measures
The end-of-study survey included 11 questions that assessed
satisfaction and usability using a 5-point Likert scale with
responses ranging from “strongly disagree” to “strongly agree.”
The survey questions were developed and pilot tested before
use [33]. Seven of the first 11 questions were developed by
Santo et al [31] and were used with permission in this study,
while the remaining 4 were developed by the researchers. Six
additional questions asked about the use of additional features
such as the educational information, Medfriend feature,
interaction checker, adherence report, refill reminder, and
additional morning reminder of the Medisafe app. These
questions asked participants whether they used a given feature,
and if they did, whether they found the feature useful. There
were open-text response options available to elicit qualitative
data from the app participants such as how a feature helped
them manage their medications and what they found most useful
about the feature. The remainder of the survey included 6
general use questions previously developed and pilot tested, 4
of which were “Yes/No” questions (eg, did you use the refill
reminder and did you have technical issues with the smartphone
app?). The remaining 2 questions assessed how often medication
reminders were received each day and which language the
participant used.

Secondary Data
Deidentified usage data were obtained from the Medisafe
company at study completion. Medisafe provided the PI with
objective user interactions with the Medisafe app, such as
whether educational information in the form of a leaflet was
accessed by participants and whether the Medfriend feature was
used.

Analysis
Descriptive statistics and frequency distributions were used to
describe the sample and determine if the data were normally
distributed. Open-ended survey question responses were
imported into an Excel (Microsoft Corp) spreadsheet, and the
content was coded and summarized as themes by the researcher
(CH) and the PhD faculty advisor (DPS). This approach was
taken given the short, free-text, and limited responses received.
Since the qualitative data came from the open-ended survey
responses, data collection was based on sample size rather than
data saturation.

Results

Participant Characteristics
Complete details are included in Table 1, and information can
also be found in the app efficacy manuscript [32]. A flowchart
of study participants in the main RCT can be found in Figure
1. The median age of the 30 participants using the app was 53.5
years (IQR 37-76 years). Most participants in the intervention
group were non-White (23/29, 79%). Races/ethnicities were as
follows: Asian (5/29, 17%), Black or African American (10/29,
35%), Hispanic/Latino (4/29, 14%), Native American or Alaska
Native (1/29, 3%), and other (3/29, 10%). More than 75% of
the participants had government insurance (25/30, 83%), and a
small number of participants were uninsured (2/30, 7%). Brief
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health literacy scores were generally high (median 12.0 of a
possible score of 15, IQR 5-15). Slightly more than half of the
participants (16/29, 55%) reported that it was either very or
somewhat difficult to pay their monthly bills. The most common

chronic illness was hypertension (22/30, 73%), followed by
hyperlipidemia (19/30, 63%) and type 2 diabetes (14/30, 47%).
Most participants (25/30, 83.3%) had 2 or more chronic
illnesses.

Table 1. Sociodemographic characteristics of the participants using the app.

Value, n (%)Characteristic

Race/ethnicity (N=29)

5 (17)Asian

10 (35)Black or African American

4 (14)Hispanic/Latino

1 (3)Native American or Alaska Native

6 (21)White

3 (10)Other

Marital status (N=30)

15 (50)Married/partnered

15 (50)Single/never married

Employment status (N=30)

15 (50)Employed

12 (40)Unemployed

3 (10)Retired

Education (N=30)

8 (27)Some high school or less

4 (13)High school graduate

8 (27)College credit, no degree

4 (13)Trade/vocational training

2 (7)Associate’s degree

4 (13)Bachelor’s degree or higher

Difficulty paying bills (N=29)

6 (21)Very difficult

10 (35)Somewhat difficult

8 (28)Not very difficult

5 (17)Not at all difficult

Type of health insurance (N=30)

2 (7)Uninsured (sliding scale)

25 (83)Government insurance

3 (10)Private insurance

Current chronic illness (N=30)

22 (73)Hypertension

14 (47)Type 2 diabetes

19 (63)Hyperlipidemia

5 (17)Asthma

11 (37)Othera

aIncludes depression (n=1), type 1 diabetes (n=1), chronic obstructive pulmonary disease (n=1), heart disease (n=1), cirrhosis (n=1), anxiety (n=1), gout
(n=1), rheumatoid arthritis (n=1), thyroid disorder (n=1), hypothyroidism (n=2), gastroesophageal reflux disease (n=1), arthritis (chronic pain) (n=1),
and fibromyalgia (n=1).
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Figure 1. Flowchart of study participants in the larger randomized controlled trial of the efficacy of the app intervention.

Behavioral Observations While Setting Up the App
During app set up, some participants (4/30, 13%) expressed
difficulty visualizing the app owing to the unavailability of their
eyeglasses, which they stated were either in their car or left at
home. No participants had difficulty with dexterity while setting
up the app, and the median time it took from starting the app
download to completing the set up and reviewing the app was
15 minutes (IQR 10.0-25.0; minimum 10, maximum 30
minutes). The majority of participants (21/30, 70%) did not
need to be corrected when they entered the medications.
However, 4 (13%) were corrected by the researcher once, 3
(10%) were corrected twice, and 2 (7%) were corrected thrice.
Patients were corrected when they spelled the medication name
incorrectly, chose the incorrect medication dose, or set an
incorrect time for the reminder.

Satisfaction and Utility
Summaries of the participants’ reports of satisfaction are
presented in Table 2.

Most participants (27/30, 90%) strongly agreed that they liked
the app design, while most (25/30, 83%) strongly agreed that
it was useful to have their medication list on their smartphone.
Some participants (2/30, 7%) mentioned the usefulness of the
app when seeing other HCPs to indicate the medications they
were taking during medication reconciliation. Furthermore, a
large proportion of participants (28/30, 93%) strongly agreed
that the reminders helped them to remember to take their
medications at the correct time each day. The majority of
participants strongly agreed that the app was easy to use (27/30,
90%) and convenient (28/30, 93%) and that they would continue
using the app (26/30, 87%). A small number of participants
(2/30, 7%) somewhat agreed that they would continue using
the app. It is important to note that some participants (2/30, 7%)
strongly disagreed that they would continue using the app,
because they found the reminders annoying. All the participants
(30/30, 100%) somewhat agreed or strongly agreed that they
would recommend the app to family and friends.
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Table 2. Satisfaction with the app (N=30).

Value (N=30), n (%)Satisfaction information

Liked the app design

1 (3)Neutral

2 (7)Somewhat agree

27 (90)Strongly agree

It is easy to tap the correct icon with my finger

1 (3)Neutral

1 (3)Somewhat agree

28 (93)Strongly agree

I am able to see all the options in the app

3 (10)Neutral

1 (3)Somewhat agree

26 (87)Strongly agree

It is useful to have a medication list on the smartphone

1 (3)Somewhat disagree

1 (3)Neutral

3 (10)Somewhat agree

25 (83)Strongly agree

Reminders helped me remember to take my medications at the correct time each day

1 (3)Neutral

1 (3)Somewhat agree

28 (93)Strongly agree

Found it easy to use the app

1 (3)Somewhat disagree

1 (3)Neutral

1 (3)Somewhat agree

27 (90)Strongly agree

Found it easy to set up reminders in the app

3 (10)Neutral

2 (7)Somewhat agree

25 (83)Strongly agree

Found it convenient to have the app

1 (3)Strongly disagree

1 (3)Somewhat disagree

28 (93)Strongly agree

Found it useful to snooze the reminder

1 (3)Strongly disagree

1 (3)Somewhat disagree

10 (33)Neutral

3 (10)Somewhat agree

15 (50)Strongly agree

Will continue using the app

2 (7)Strongly disagree
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Value (N=30), n (%)Satisfaction information

1 (3)Somewhat disagree

1 (3)Neutral

26 (87)Strongly agree

Will recommend the app to family and friends

2 (7)Somewhat agree

28 (93)Strongly agree

The 2 participants (10%) who were dissatisfied with the app
described the reasons why. One said:

It is annoying when you get a reminder and you are
in the middle of doing your work. This is not for
everybody. I work on the computer and on my cell
phone and it is very distracting to receive the
reminder in the middle of working on something. It
might be better for someone who doesn't have as much
going on. I find it very distracting.

The other participant had technical difficulties but blamed it on
the type of phone they had:

The bug thing with the notification alarms was a
problem. I have an android - a cheap phone. My
phones get destroyed because of the type of work I
do.

Use of Educational Information
Almost half of the participants (12/30, 40%), self-reported
accessing educational information. To the contrary, objective
usage data from Medisafe indicated that only 3 participants
(10%) accessed the educational content, which was defined as
cards termed “leaflets” or videos. According to Medisafe, this
was done for a total of 14 medications. Additionally, Medisafe
reported that only 1 participant accessed 4 different videos and
1 leaflet, 1 participant accessed 1 leaflet, and 1 participant
accessed 6 different videos and 2 leaflets. Although not all
participants actually accessed the information, those who
reported accessing the educational information (12/12, 100%)
found the information useful. When asked about how they used
the educational information in the app, the participants reported
learning about the side effects of the medications (6/12, 50%),
reported that it was helpful for general knowledge (4/12, 33%),
and mentioned using it to learn more about medication and food
interactions (2/12, 17%).

Medfriend Feature
Based on usage data from Medisafe, only 1 participant (3%)
used the Medfriend feature. That participant was very positive
about the feature and reported that her husband would call her
to say, “Are you taking your medicines?” She stated:

It gets him involved. It makes him recognize that I
need support and I need to take the medicine. It makes
me know he loves me.

Another participant self-reported using the Medfriend feature,
but there was no indication of use in the Medisafe data. The
participant reported that when her husband was notified, he
would send a text about her forgetting her medications and she

would remember to take them. Those who did not use the
Medfriend option were asked, “who might that person be for
you?” Among those who responded (18/30, 60%), the top 3
most common responses were their sibling (4/18, 22%), their
child (4/18, 22%), and their husband or wife (4/18, 22%).

Interaction Checker
All participants who used the interaction checker (5/30, 17%)
agreed that it was useful. One participant reported that 2 of the
medications she had been taking together should be taken
separately and stated, “It was a lifesaver!” The other 4
participants expressed an appreciation for being able to have
access to this type of information. The use of the interaction
checker was distinct from the educational content and could not
be verified in the Medisafe data as Medisafe does not register
or track the use of the interaction checker.

Adherence Reports and Reminders
Participants (8/30, 27%) who checked their adherence report
agreed it was useful. The adherence report provided them with
a history of their daily missed and taken medications as well as
a weekly adherence percentage based on what they reported
when marking medication reminders in the app. Participants
reported experiencing positive reinforcement for adhering to
their medications through the adherence report, mentioned the
affirmation they received when they saw a high percentage of
adherence, and reported appreciating the positive reinforcement
as useful. Some participants (2/30, 7%) mentioned that it
incentivized them to reach higher levels of adherence.

Slightly less than half of the participants (13/30, 43%) received
reminders to take their medications 2 times a day, while around
one-third (9/30, 30%) received reminders 3 or more times a
day. Reminders were generally well received:

I like the reminder. The shaking of the pill bottle helps
me. Sometimes I will wake up at night and remember
hearing the shaking pill bottle that day and I will get
out of bed and check if I took my pills that day. I might
be cooking with the grandkids and the first reminder
goes off. I might ignore it but with the second
reminder I might put the bottles on the counter so I
can remember.

Three participants (15%) mentioned the app’s helpfulness,
particularly for those who have multiple chronic illnesses and
take multiple medications.

This app was a lifesaver. I take a lot of different
medication so sometimes I forget whether I took the
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medication or not. I can check the app to see if I took
it or not.

One of those 3 participants commented as follows:

It is perfect for people who have multiple illnesses
and take a lot of different medications. I take eight
different medications a day.

Most of the participants (27/30, 90%) did not use the refill
reminder. In their comments, a number of participants said they
received automatic refill reminders from their pharmacy and
therefore did not need this feature of the app. All participants
(30/30, 100%) used the app in English, and the majority (24/30,
80%) did not make any changes, such as changing the time of
a reminder, removing or adding a medication, or changing the
medication dose in the app. Many participants (13/30, 43%)
said they would use the app to manage someone else’s
medications.

Technical Difficulties Using the App
Some participants (4/30, 13%) mentioned they had technical
difficulties. Of those who reported difficulties, 3 (75%) needed
to allow notifications from the app to hear the reminders.
Another user mentioned that they had to tap the “take all” icon
a number of times before it registered and suggested that it
should be made bigger or be more centrally placed. Participants
gave additional feedback about the app when asked (20/30,
67%). In this section, participants (7/20, 35%) specifically
mentioned liking the reminder.

It was really nice to hear that shaking sound. It was
fun.

Some participants (2/20, 10%) reported that the snooze function
was particularly helpful when they were away from home.

The snooze option is helpful to use when I am out and
don’t have my medications. When I come back home
it reminds me so I remember to take it.

Social Support
The 2 participants (7%) who self-reported using the Medfriend
feature were very enthusiastic.

It's a great app and I love it. My husband is on it for
his meds and I am his Medfriend. I am also going to
get my mother hooked up on it.

The other participant shared her thoughts about the feature,
highlighting her increased feelings of self-efficacy and social
support.

This app is about being a team player. You are able
to help me and I am able to help you. I can now say
“I did it” “I can do this.” This is a good app. I can't
see anyone who is interested in their health not using
this app. Since being introduced to this app I know
that it is there for me.

Discussion

Principal Findings
As part of an RCT using the Medisafe medication adherence
app in a medically underserved population with a variety of

chronic illnesses, behavioral observations on app use and
satisfaction and usage data were gathered from participants in
the intervention arm of the study and the Medisafe company.
The quantitative RCT results (reported elsewhere) [32] found
significant improvements in both medication adherence and
medication self-efficacy for participants who used the app. The
portion of the RCT presented in this manuscript, which collected
behavioral observations and satisfaction and usage data from
the intervention arm, identified that participants were satisfied
with the app and found it useful. Even though the use of the
additional features was generally low, those who used them
found them useful. Most participants did not need help setting
up the app. An important strength of this RCT is that it explored
patients’ perceptions of the usefulness of the app and their
satisfaction with the app and therefore fills an important
knowledge gap. This was done by collecting both quantitative
and qualitative data through open-response questions, which
gave voice to the perspectives of a low-income racially and
ethnically diverse sample of adults with chronic illnesses
receiving care in an FQHC [17,18]. As FQHCs are reporting a
growth in the rates of treating complex chronic conditions [10]
and there are lower rates of medication adherence among
populations with lower socioeconomic status and those with
multiple conditions [37], the implementation of tools to enhance
medication adherence is imperative. Understanding the user
experience with the Medisafe mobile app demonstrated that
wider-scale use of the Medisafe app is feasible in a low-income
population with multiple chronic illnesses. Systematic literature
reviews have pointed out a gap in implementation studies of
mobile app interventions in this population [38]. This study
addressed an important knowledge gap by demonstrating that
the use of a commercially available free medication adherence
app is a viable option for medically underserved adult patients
with chronic diseases.

Prior research found that medically underserved patients
expressed reluctance about paying for a medication adherence
app [18]. While not directly addressed in this study, some
participants anecdotally asked before enrolling in the study if
they would need to pay for the app, and when told it was free,
they expressed interest in participating. This underscores the
importance of not having patients incur additional costs for the
technology and was a strength of this intervention.

Most participants were able to set up the app with minimal
assistance, with a median duration time of 15 minutes during
the behavioral observation. It is important to note that 30% of
the participants needed to be corrected 1-3 times when setting
up the app, thus pointing to the importance of helping some
patients set up the app initially and checking that the medications
are entered accurately. This highlights a difficulty with
individuals setting up the app. Although not implemented in
this study, another option is to import medications from other
databases, such as Apple Health, or a pharmacy directly. This
may shorten the time it takes to set up the app. Once the app is
set up properly, in addition to HCPs assisting patients, the help
and support page and the company contact could serve as a
resource for patients.

Survey data indicated that satisfaction with the app was high,
with most patients strongly agreeing it was easy to use. All
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intervention group participants (30/30, 100%) strongly agreed
that they would recommend the app to family or friends. This
was higher than the proportion in the study by Santo et al [31],
which used Medisafe and found that 78.6% of patients with
coronary heart disease would recommend it [31], and the study
by Anglada-Martinez et al [24], which used a similar app and
found that 71.4% of patients receiving treatment for
hypertension, dyslipidemia, heart failure, or HIV would
recommend it [24]. Both these studies were, however, conducted
outside of the United States. It may be that Americans are more
familiar with app technologies and feel more comfortable
recommending apps to others.

Qualitative research conducted in a medically underserved
population with chronic illness regarding the use of medication
adherence apps found that technical issues and complexity were
concerns when setting up and using these apps [18]. One study
involving a medication adherence app similar to Medisafe
indicated that 50% of participants reported problems receiving
reminders [24]. The Medisafe app used in this study is a
commercially available app with high-quality assessment ratings
[30,39], and in this study, technical issues were rare. The most
common issue was not receiving the reminders until the
participant allowed notifications from the app in their phone
settings. No participants expressed that the app was technically
complex, which was previously cited as a concern in this
population but was not an issue in this study [18]. One
participant had ongoing technical issues receiving reminders.
These findings suggest that the Medisafe app can be
implemented in this population from a technology standpoint,
and participants did not find it difficult to use.

Similar to other studies involving the Medisafe app, feedback
results point to receiving timed medication reminders as the
most used aspect of the app [31]. Furthermore, feedback
regarding the app aligns with the findings of other studies
linking medication reminders with medication adherence
[22,25,28,29]. Participants found the snooze function of the
reminder helpful when they were not home to take their
medications and used this function as a reminder to take their
medications when they got home. The snooze function therefore
was an important component of the app when participants
experienced disruptions in their routines, such as being away
from their medications. The findings also align with a previous
study in a medically underserved population where participants
indicated that disruptions in their daily routines negatively
affected their medication adherence [18]. This study
demonstrated that patients used the reminder feature when
available, and the majority of patients found it helpful in
improving medication adherence. The 1 participant who was
bothered by the reminders used his phone for work and found
the reminders distracting if he was using his phone for work
purposes. The reminders predominantly targeted the
phenomenon of forgetting, which has been found by a study to
be the most likely cause of reported nonadherence in low-income
uninsured patients with multiple chronic illnesses [13].

Research has shown that both patient knowledge of medications
and their satisfaction with the information provided about their
medications can improve medication adherence [40]. There was
a discrepancy between the data reported by Medisafe and the

number of participants who self-reported accessing educational
information. Although the reason for this discrepancy is not
clear, several possibilities exist. First, participants could have
overstated the use of educational features. Another potential
reason might be related to the specific data Medisafe defines as
educational data. Medisafe does not collect data on the use of
the interaction tracker or the “For You” tab at the bottom of the
app and only collects data if a participant clicks on the
educational leaflet and opens it up. In contrast, participants
might have perceived content under the “For You” tab and drug
interaction materials or videos as educational materials, resulting
in a discrepancy between patient self-reported data and Medisafe
data regarding accessing educational content. The feedback
received demonstrated that participants who reported accessing
the educational information (less than half) were very positive
about doing so. The educational information was found to be
useful for learning about side effects and food and medication
interactions. Because individuals have different preferences for
the amount of medication information they receive and the way
that information is delivered [41], the modularity of the
Medisafe app is useful to facilitate patient education in a
practical and less burdensome way. The information is available
at the patient’s fingertips and can be accessed as frequently as
needed to learn what they want at their convenience. The
educational app feature is also advantageous to HCPs as it
alleviates some of the burden and time commitment associated
with educating patients about their medications.

Social support has been found to have a positive effect on
medication adherence [42-44]. Studies deploying digital
technologies in the form of web-based online communities to
provide social support have generally demonstrated that they
can support people emotionally, socially, practically, and
politically [45]. However, using technology to provide social
support has not been studied in the context of a commercially
available medication adherence mobile app. This study
addressed this gap by studying social support via a commercially
available app in the context of medication adherence. The
Medisafe app offers social support in the form of Medfriend,
and this is the first known study to incorporate this feature as
part of the study intervention. Some studies have pointed out
that online social support networks for those with specific
chronic illnesses lessened the burden on relationships with
family and friends, who are referred to as “offline” support
persons [45,46]. However, despite asking and offering to
demonstrate how to set up the Medfriend feature, usage of the
Medfriend feature was very low. This study did not gather
information on why participants chose not to set up the
Medfriend feature, and this is a limitation of the study. It may
have been because this feature was seen as too burdensome by
the patients or their support people, most of whom were
identified as family members. Patients might have avoided using
Medfriend due to confidentiality concerns associated with this
feature, which entails giving access to the user’s medication
list, as many participants (13/30, 43%) were willing to use the
app to manage someone else’s medications but chose not to
share their own medication information. Another challenge
regarding the Medfriend feature was that there was a discrepancy
between Medisafe data and self-reported data on the use of the
Medfriend feature. Despite the aforementioned concerns, the 2
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participants who reported using the Medfriend feature were
satisfied with it as they perceived that the app fostered social
support. To further explore the social support feature of the app,
research on dyads who use the app to manage the medications
of family members might shed new light on the phenomenon
of incorporating social support into mobile apps. By studying
a subset of the population, including patients and their
caregivers, the social support feature may be used more
frequently. If the confidentiality of medication lists proves to
be a barrier, a feature that dissociates specific medications from
the reminder might address that concern. Support persons could
receive a general text that their online Medfriend has not taken
their medications without sharing details on the specific
medications.

Participants reported that having a list of medications on their
phone was beneficial, which was also noted in a population of
patients with coronary heart disease who used the Medisafe app
in Australia [31]. When managing chronic illnesses, patients
are often referred outside of the FQHC setting or require
hospitalization to receive care. Some participants mentioned
using the phone medication list for medication reconciliation
when seeing other HCPs. This finding is in contrast to that of
another study of patients presenting to an emergency department
setting, which found that emergency department patients rarely
used their mobile phones to share their medication list during
medication reconciliation [47]. Medication reconciliation can
be facilitated through the adoption of these technologies. HCPs
in both primary care and tertiary care settings should suggest
and support patients with implementing researched medication
adherence mobile apps. The sample of this study included many
patients with multiple chronic conditions. These participants
appreciated the ability of the app to work across multiple chronic
illnesses and its helpfulness when taking multiple medications.
This finding underscores the importance of advocating for the
use of medication adherence apps like Medisafe, which can
work across a range of illnesses and medications and can be
easily adjusted when medications change over the disease
trajectory. Additionally, participants who used the adherence
report felt that it provided positive reinforcement and was an
incentive to reach higher levels of adherence. Similar to what
has been reported in other studies, a majority of participants
reported not using the refill reminder because they already
received text alerts from their pharmacy, which they found
helpful [18]. When HCPs select apps for patients to enhance
their medication adherence, careful attention to app features
and evaluation of existing research findings, such as the findings
of this study, are important.

Limitations
This study had several limitations. First, the study duration of
1 month does not provide insights regarding long-term patient
satisfaction and continued use of app features, which are
important aspects of chronic disease management. Though this
study found high satisfaction and usability of the app during
the first month of use, future studies should evaluate the role
of time in app usage and satisfaction. Medisafe data and
self-reported data showed that the uptake of educational
information and the Medfriend social support feature was low.
There was an unresolved discrepancy in the number of

participants who reported accessing educational information
and the actual usage identified from the Medisafe data. The
discrepancy might be because Medisafe data only captured if
the leaflet was accessed. Patients may have perceived accessing
educational information as clicking the interaction button or
clicking the “For You” tab at the bottom of the app, which
Medisafe data did not capture. This can be clarified in the future
by a more detailed definition of what constitutes the educational
features of the app. Incorporating interviews to clarify
subsequent survey results would strengthen future research
studies. Another limitation of the study is that we did not gather
participants’ inputs about why they chose not to use the
Medfriend feature. Therefore, this study cannot speak about the
potential benefits of this feature. Finally, although the app can
be used in several languages and many patients who seek care
at FQHCs speak a primary language other than English [48],
the researchers were not able to incorporate multiple languages
into the study protocol.

Future Research
FQHCs and primary care settings working with adults who are
chronically ill should consider medication adherence mobile
phone apps as acceptable and practical tools to support
medication adherence. Future studies could include a larger
sample, consider the use of the available provider portal, and
consider the experiences of both providers and patients. Cost
analysis could be performed, and hospitalization rates and
long-term usage and health outcomes over time could be studied.
This study was for a 30-day period, but a study with a longer
duration is necessary to see if the use of the app is sustained
over time. In this study, only 2 participants reported barriers to
using the app, and a larger long-term study could further explore
barriers to sustained use and strategies for maintaining
engagement in this population. Future research should use mixed
methods to provide insights into app modification, the nature
of barriers to use, and how app features, such as the Medfriend
feature, could more easily be implemented among patients who
might benefit the most from such features. As uptake of the
additional features of the app, such as educational information
and the Medfriend option, was low in this study, future research
using larger datasets could explore what types of patients chose
to use specific features and why they did. We purposefully did
not require certain features to be used because we wanted to
organically discover which features were most often used, if
any.

Studying the usability of the app and its associated effects in
ethnic populations in various languages is an important area of
future research as community health centers serve a large
number of patients with limited English proficiency [48].

Conclusion
This study demonstrated that the medication adherence app is
a useful, convenient, and feasible intervention in an FQHC
setting. The various features of this app positively influenced
the medication-taking behaviors of adults with one or more
chronic illnesses. Participants were satisfied with the app and
the features they chose to use. Reminders were viewed as helpful
by the majority of participants. The medication list feature was
particularly useful for patients who had multiple chronic
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conditions and saw multiple providers, and some used it to
facilitate medication reconciliation. The findings of this study
have important clinical implications, as clinicians can

recommend the use of medication adherence apps as tools to
provide support in adhering to medication regimens and as
additional tools to use during medication reconciliation.
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Abstract

Background: Digital health education can enhance the quality of life of patients with heart failure by providing accessible and
tailored information, which is essential for effective self-care and self-management.

Objective: This work aims to develop a mobile health knowledge transfer concept for heart failure in a user-centered design
process grounded in theoretical frameworks. This approach centers on enhancing the usability, patient engagement, and
meaningfulness of mobile health education in the context of heart failure.

Methods: A user-centered design process was employed. First, semistructured stakeholder interviews were conducted with
patients (n=9) and medical experts (n=5). The results were used to develop a health knowledge transfer concept for a mobile
health app for heart failure. This concept was implemented as a digital prototype based on an existing German mobile health app
for patients with heart failure. We used this prototype to evaluate our concept with patients with heart failure in a study composed
of user testing and semistructured patient interviews (n=7).

Results: Stakeholder interviews identified five themes relevant to mobile health education: individualization, content relevance,
media diversity, motivation strategies, and trust-building mechanisms. The evaluation of our prototype showed that patients value
the adaptation of content to individual interests and prior knowledge. Digital rewards such as badges and push notifications can
increase motivation and engagement but should be used with care to avoid overload, irrelevance, and repetition.

Conclusions: Our findings emphasize the importance of tailoring mobile health education to the specific needs and preferences
of patients with heart failure. At the same time, they also highlight the careful implementation of motivation strategies to promote
user engagement effectively. These implications offer guidance for developing more impactful interventions to improve health
outcomes for this population.

(JMIR Hum Factors 2025;12:e56798)   doi:10.2196/56798

KEYWORDS

health literacy; digital Literacy; user-centered design; digital health app; heart failure; mixed methods study; user centered deign;
usability; patient engagement; mHealth app; development

Introduction

In 2019, heart failure affected more than 56 million people
worldwide [1]. The diagnosis of heart failure entails severe
health consequences for patients and significant financial
resources for public health systems [2]. In light of an aging
population, heart failure is becoming increasingly important in
society and requires new approaches for prevention,
management, and therapy to mitigate health impact [3,4].

Heart failure requires a high level of active patient involvement
[5]. Self-monitoring of physiological parameters, medication
intake, nutrition, and physical activity are crucial factors in
preventing the hospitalizations of patients [6,7]. In this context,
health literacy plays a major role since high levels of health
literacy in patients with heart failure promote patient
empowerment, self-care practices, and medication adherence
[8-10]. Health literacy can be described as the capacity of a
person to access and understand health-related information,
place it in context, and use it responsibly to promote and
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maintain good health [11]. With a focus on heart failure and
other cardiovascular diseases, The American Heart Association
concludes that health literacy is crucial for effective treatments
for cardiovascular diseases and acknowledges information
technology as a potential path to improving health literacy [12].
In the long-term, low health literacy is associated with an
increased risk for hospitalizations and death in patients with
heart failure [13].

To effectively deliver information to patients and achieve
learning effects, mobile health technology offers great potential.
This applies to populations with low health literacy in particular
[14-16]. As smartphone access has become widespread across
various demographic groups, including those with lower
socioeconomic status, they provide an accessible platform for
delivering tailored health interventions to underserved
populations [17,18]. Enhancing health literacy requires attention
not only to disease-specific content but also to digital health
literacy, empowering users to navigate health-related inquiries
online effectively [14,19,20]. However, several barriers have
been identified, including the access to apps, the readability of
content as well as the usability of digital health services [14,21].
In the context of heart failure, evidence about the effects of
mobile health for promoting health literacy is still limited. Allida
et al identified no increase in heart failure knowledge through
digital educational content and unclear evidence on self-efficacy,
self-care, and health-related quality of life [22]. In contrast,
several recent studies demonstrated positive effects on quality
of life, hospitalization rates, and self-management abilities
[23-25]. However, despite the potential benefits, these
approaches lack the incorporation of theoretical frameworks
for engaging, appealing, and effective knowledge transfer.
Furthermore, patients with heart failure are hardly involved in
the development process of mobile health interventions.

Thus, the aim of this work was to develop a concept for a
sustainable and engaging knowledge transfer with a specific
focus on the needs and preferences of patients with heart failure.

Theoretical frameworks for mobile health knowledge transfer
and the involvement of end-users throughout the design process
build a strong foundation for an engaging, user-friendly, and
effective mobile health intervention. A digital prototype served
as a tangible representation of our concept, which we evaluated
with patients with heart failure.

Methods

Study Design Overview
The foundation of this work was the user-centered design
process, a common method in interaction design [26]. It
emphasizes the involvement of the potential end-users
throughout the developmental phases to ascertain that the
resulting concepts align with their needs, preferences, and
experiences of the target group. This iterative approach often
incorporates techniques such as user interviews, focus groups,
prototyping, and usability testing to refine the design based on
continuous feedback. The graphical abstract (Figure 1) provides
an overview of the methodology used.

First, we used current literature and semistructured qualitative
interviews to understand the context of use and derive
requirements. Based on the findings, possible design solutions
were drafted as a paper prototype. Thereafter, a digital
high-fidelity prototype was implemented. This digital prototype
was then evaluated in a study focusing on the identified
requirements of the target group.

The exemplary app we used for the prototype design is the
ProHerz app (ProCarement Gmbh, Germany), a medical-grade
mobile app for heart failure. This app is intended to support
patients in managing their health by tracking vital signs and
medication intake. Additionally, the company provides a
‘CareCenter,’ where, depending on the product used, medical
experts regularly monitor the patients’ health parameters and
stay in personal contact via messages and phone calls.
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Figure 1. Graphical abstract illustrating the integration of the user-centered design process in the development of a health knowledge transfer concept
for patients with heart failure.

Stakeholder Interviews

Recruitment
Qualitative semistructured interviews were conducted with
patients (n=9) and medical experts (n=5). This approach is a
flexible data collection method that combines predefined
questions with the freedom to explore emerging topics to further
enhance the understanding of participants’ experiences and
perspectives [27]. All patients were recruited from the ProHerz
user base. Thus, all were patients with heart failure and previous
experience with the ProHerz app. We chose this group because
of their experience using a mobile health app for
self-management. To allow for meaningful comparisons of
feedback, our recruitment strategy aimed to include participants
with varying levels of experience using the ProHerz app,
aligning with best practices in end-user and usability testing.
Medical experts were recruited through ProCarement, where
they interact with the ProHerz users in their daily work. All
experts were nurses with long-term experience in heart failure
care. Their close exchange gives them a broad perspective on
patients’ characteristics, needs, and skills.

Procedure
The interview guidelines were based on our research aims and
current literature. Both stakeholder interviews covered similar

aspects (Figure 2). The guidelines aimed to identify patients’
specific needs and requirements regarding content and features
within a mobile health knowledge transfer.

The interviews with the medical experts targeted explicitly at
their perspective on essential knowledge and skill requirements
that should be covered in a mobile health knowledge transfer
concept. Besides, specific features, content presentation, and
adaptation strategies for individual patient needs were discussed.

In the patient interviews, we inquired about experiences with
specific features, their current interactions with the ProHerz
app, and their expectations regarding knowledge transfer within
a mobile health app designed for heart failure. Furthermore, the
interviews included discussions on patients’ health-related
routines and goals and identifying requirements for
trust-building and cogency. Additionally to the interview,
patients were asked to complete the European Health Literacy
Survey Questionnaire (EU-HLS-Q16) to assess their health
literacy level [25,26]. Through this tool, participants rate general
tasks related to health literacy based on their level of difficulty.

All interviews with medical experts were conducted via
Microsoft Teams. Patient interviews were conducted in person.
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Figure 2. The topics included in the interview with both stakeholder groups.

Prototype Development
The development of the knowledge transfer concept was based
on the findings from the interviews and related literature.

We incorporated the framework of Riegel et al to structure the
topics [28]. The content categories in the prototype are oriented
toward the three self-care processes for heart failure:
maintenance, symptom perception, and management.
Information in the prototype was structured based on the
principles for effective e-learning by Clark and Mayer and the
recommendations for designing health-literate mobile apps by
Broderick et al [29,30]. This included, for example, dividing
information into manageable units, using different types of
media, and writing in a conversational style.

Additionally, we considered possible cognitive limitations of
users in the context of heart failure [22,31-34]. According to
the Cognitive Load Theory, a reduction of cognitive load is able
to improve learning outcomes. The theory describes three types
of cognitive loads in the context of learning: intrinsic,
extraneous, and germane cognitive load. We aimed at reducing
the extraneous cognitive load by simplifying navigation,
avoiding unnecessary elements, and ensuring a clear, uncluttered
interface design. The intrinsic load was managed by sequencing
information into smaller units aligned with the complexity of
topics. The germane load was supported by including interactive
elements such as quizzes or visual aids, encouraging active
engagement.

Personalizing health education to address individual needs has
been shown to improve health outcomes in areas such as
physical activity, nutrition, and adherence to screening
recommendations [35]. In the context of health education for
heart failure, users face unique challenges through varying levels
of health literacy and cognitive impairments [13]. As such, a
personalized approach that takes relevant individual factors into
account can meet diverse needs of patients, ensuring information
is both accessible and relevant [22]. For this reason, we decided
to incorporate the possibility of adapting the contents based on
a short survey participants answered in the beginning.

The derived themes of the interviews were brought together
with findings from the health literacy assessment that
additionally revealed the needs of patients. We drafted a
workflow for the mobile knowledge transfer and implemented
this as a low-fidelity paper prototype.

For the first usability test, we embedded the paper prototype in
Useberry (Useberry User Testing Technologies IKE, Greece).
Useberry is a tool to test the usability of the paper-based
prototype digitally. We aimed to find usability issues as early
as possible in our design. For this initial testing, we invited
healthy participants through personal contact. At this stage, the
priority was gathering quick insights from users who were
familiar with mobile apps to identify basic usability issues before
moving on to the larger-scale user testing with patients with
heart failure. This reduced the burden and required time and
effort of the actual patients. Test users (n=5) were asked to
perform different navigation-related tasks within the prototype.
Outcome measures were the task completion rate and the
recorded clicks.

After this initial usability testing, the paper prototype was then
transferred into a digital high-fidelity prototype using Figma
(Figma GmbH, Germany). This prototype included an example
questionnaire for individualizing the information content based
on the date of diagnosis, implanted devices (pacemaker and
defibrillator), smoking habits, topics of interest, the preferred
media formats and the New York Heart Association (NYHA)
functional class (Figure 3). The NYHA classification is a
commonly used system for categorizing the severity of heart
failure based on physical activity limitations caused by cardiac
symptoms. It ranges from Class I (no limitations) to Class IV
(highest limitations) [36]. After the questionnaire, the basic
landing page of the app was presented with an additional link
to the health knowledge section. The main part of our prototype
was the knowledge section with an overview and link to the
available courses and the short information messages.
Additionally, badges for learning-related achievements can be
found there. Finally, an example course was implemented on
the topic of sports and exercise (Figure 4).
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Figure 3. Questionnaire for individual adaptation (left), home screen of the app with the link to the knowledge section (middle), and the main page of
the knowledge section (right) of the digital prototype.

Figure 4. Structure of one exemplary course with (1) the overview of the content, (2) a quiz question, (3) an infographic presenting key facts, and (4)
an article starting with information about the author of the text and a summary of the most important aspects of the article.

Concept Evaluation

Recruitment
For evaluating the knowledge transfer concept, we recruited
patients with heart failure (n=7), who were already experienced
in using a mobile health app. Therefore, all participants were

recruited from the user base of ProCarement. Four participants
already took part in the previous stakeholder interviews
conducted as part of this study.
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Procedure
After being instructed about the study procedure, participants
were asked to complete 11 tasks with the digital prototype. Due
to feasibility reasons, patients accessed the prototype on a
computer interface. This approach allowed participants to
interact with the app more comfortably during the evaluation,
while also enabling researchers to observe user interactions in

detail and collect qualitative feedback efficiently. Tasks included
small, simple tasks and more complex, time-consuming tasks.
An overview of all tasks is listed in Table 1. Afterwards,
semistructured interviews were conducted to obtain the
participants’ overall impression and to identify features and
characteristics that have the potential to improve engagement
and increase health literacy.

Table . Tasks given to participants in the evaluation of the digital prototype of the health knowledge transfer concept.

DescriptionNo.

Navigate to the questionnaire for individualization1

Complete the questionnaire for individualization2

Navigate to the knowledge section3

Navigate to informative notifications, read the first unread notification4

Navigate to the educational courses5

Navigate to the course category ‘symptoms’6

Navigate to completed courses7

Select a course within a course category8

Navigate to recommended courses and select a recommended course9

Complete one educational course10

Navigate to the overview of badges11

Analyses
All qualitative data obtained during interviews were analyzed
using thematic analysis based on the approach of Braun and
Clarke [37]. This method involves identifying, analyzing, and
reporting patterns (themes) within the data, allowing for a rich
and detailed interpretation of the participants’ experiences and
perspectives. The process includes familiarizing oneself with
the data, generating initial codes, searching for themes,
reviewing themes, and defining and naming them to ensure a
comprehensive understanding of the qualitative insights.

Ethical Considerations
All presented substudies were approved by the institutional
review board of the Friedrich-Alexander-Universität
Erlangen-Nürnberg (approval no. 22‐233-S), and we obtained
written informed consent from all participants. The collected

data were pseudonymized after collection to ensure participant
confidentiality and data protection.

Results

Stakeholder Interviews

Demographics
The stakeholder interviews with patients and medical experts
were conducted in August 2022. We recruited 9 patients with
a mean (SD) age of 67 (7) years. Patients received their
diagnosis between 15 and 3 years prior to this study. All patients
were using the ProHerz app for at least 4 months (Table 2).
Seven identified as women, and 2 identified as men.
Additionally, 5 medical experts were recruited (Table 3) with
work experience between 6 and 11 years.

Table . Characteristics of patients with heart failure included in the stakeholder interviews.

Months of app experience
with ProHerz

Years since heart failure di-
agnosis

Identified asAge (y)Interviewee ID

95female60P1

53female58P2

153female75P3

155female78P4

164female63P5

49female75P6

515female69P7

43male60P8

69male68P9
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Table . Characteristics of medical experts included in the stakeholder interviews.

Years of work experience with pa-
tients with heart failure

Expert experienceIdentified asInterviewee ID

11Heart failure nurse, licensed practi-
cal nurse

femaleExpert 1

6Licensed practical nursemaleExpert 2

6Licensed practical nursefemaleExpert 3

9Bachelor of Science in Nursing,
specialist in anesthesia and intensive
care

femaleExpert 4

8State-qualified nursemaleExpert 5

Thematic Analysis
We derived five themes relevant to a knowledge transfer concept
from the stakeholder interviews with patients with heart failure
and medical experts.

Individual Adaptation of Health Information

The interviews revealed a positive perspective towards the
adaptation of content and push notifications to the different
levels of knowledge of the users (4/5 experts, 2/9 patients). Our
results suggest individualization based on different information
such as the NYHA class, walking distance, app usage duration,

physical condition age, prior knowledge, or personal preferences
that could be determined for example through a quiz within the
app.

Relevant Health Topics for Patients With Heart Failure

Several relevant health topics were identified within the
stakeholder interviews (Figure 5). Health topics most requested
by both patients and medical experts included nutrition (4/5
experts, 4/9 patients), physical activity (3/5 medical experts,
4/9 patients), symptom perception and reaction (4/5 medical
experts, 3/9 patients), and app functionality (3/5 medical experts,
3/9 patients).

Figure 5. Health topics mentioned in the stakeholder interviews with patients and medical experts and that were considered relevant to be included in
a digital knowledge transfer concept.

JMIR Hum Factors 2025 | vol. 12 | e56798 | p.412https://humanfactors.jmir.org/2025/1/e56798
(page number not for citation purposes)

Flaucher et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Diversity of Media Formats

Most of the interviewed patients (7/9 patients) preferred
information in text format. For example, 1 participant stated,
“you can read it two or three times if you say it’s something
that’s difficult to absorb, maybe a text would be better” (P5,
translated). Additionally, videos were perceived as useful by
all medical experts but only desired by 2 patients. Related to
the presentation of the information, patients mentioned using
fewer technical terms and more simple language (2/9 patients)
and shortly highlighting the most important aspects (2/9
patients). This can support easy comprehension of contents,
which was also mentioned as a factor for the trustworthiness of
health information (3/9 patients).

Promotion of Motivation, Engagement, and Joy

Medical experts (4/5 experts) suggested a reward system to
increase engagement with the information contents. However,
it should be ensured that this reward system is suitable for the
specific target group of users (2/5). Three patients also
mentioned the wish to receive positive feedback for progress
within the app. Personal interest in the content was also
mentioned (3/9) to have a positive influence on engagement.

Credibility and Trust

From the interviews with patients, we identified several factors
related to the credibility of information. Positively perceived
was the specification of authors (3/9 patients), especially if the

authors are physicians (2/9 patients) or authors with an academic
background (2/9 patients). In addition, the provider of the
mHealth app should have a good reputation (3/9 patients).
Factors restraining trust and credibility could be advertising
(1/9 patients), authors without medical background (1/9
patients), or irrelevant information (1/9 patients).

Health Literacy
Health literacy levels based on the EU-HLS-Q16 were between
10 and 16 with an average (SD) score of 13.6 (2.1). Participants
mostly had difficulties deciding on preventive actions based on
media information (5/9 patients) and determining whether
information about health risks in media is trustworthy (4/9
patients).

Evaluation of the Digital Prototype

Demographics
We evaluated the proposed digital prototype of the knowledge
transfer concept with 7 patients with heart failure (Table 4). The
mean (SD) age was 65 (6) years. Patients received their
diagnosis between 2 and 24 years prior to this study. All patients
were using the ProHerz app for at least 5 months. Four
participants identified as women, and 3 as men. This group was
less diverse in terms of ProHerz experience, which was a result
of recruiting participants based on availability and willingness
to participate.

Table . Characteristics of patients included in the evaluation study of the knowledge transfer concept.

Months of app experienceYears since heart failure di-
agnosis

GenderAge (y)Interviewee ID

95female60P1

53female58P2

153female75P3

164female63P5

159male59P10

152male71P11

1024male69P12

Usability
The mean task completion rate was 84%; 5 of the 11 tasks given
during the study were completed by all participants. The lowest

completion rate occurred with task 4, which was completed by
4 of 7 participants (Table 5).
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Table . Task completion rate for all tasks performed by the participants within the usability testing.

Completion rate (%)DescriptionNo.

100Navigate to the questionnaire for individualiza-
tion

1

100Complete the questionnaire for individualization2

100Navigate to the knowledge section3

57Navigate to informative notifications, read the
first unread notification

4

71Navigate to the educational courses5

71Navigate to the course category ‘symptoms’6

71Navigate to completed courses7

71Select a course within a course category8

86Navigate to recommended courses and select a
recommended course

9

100Complete one educational course10

100Navigate to the overview of badges11

Interview Results
The thematic analysis of the semistructured interviews with
patients within the evaluation of our proposed concept resulted
in 3 main themes.

Knowledge Transfer

In the evaluation of the digital prototype, the majority of
participants (4/7 patients) classified the prospective range of
information as valuable. The organization and structure of
contents received positive feedback from most participants (5/7
patients). Specifically, the clear arrangement of information
(3/7 patients) and the definition of specific categories (2/7
patients) were highlighted. Patients also perceived the individual
adaptation as positive, because personally irrelevant content
would be hidden (4/7 patients).

To further improve the concept, participants indicated the
necessity to update contents in response to potentially evolving
needs over time due to lifestyle or health condition changes (2/7
patients).

Motivation and Engagement

A majority (5/7 patients) expressed an intention to utilize the
course content in the future. Notably, reminders about feasible
health-promoting measures were identified as a motivational
factor by 3 out of 7 patients, with a specific emphasis from 2
participants on messages related to physical activity.

Concerns were raised about the potential negative impact of
irrelevant, repetitive, or overly frequent notifications (4/7
patients). Conversely, aligning information with individual
interests was identified as a key factor in promoting joy and
sustaining engagement among users.

Patients expressed joy while answering the quiz questions,
which may have contributed to a more engaging experience
(2/7 patients). There was a suggestion to place quiz questions
at the end of a course to assess the comprehension of the content
effectively.

Participants generally responded positively to medical staff
monitoring of progress, considering it a supportive element in
their engagement with the course. However, 1 participant viewed
social comparison negatively. Furthermore, intangible rewards,
such as badges, were not universally well-received, with 1 out
of 7 participants expressing a negative opinion, stating that it
is solely virtual and not a real reward (P11).

Ease of Use

Out of 7 patients, 3 patients explicitly mentioned the app as
easy to use. Other participants did not comment on this aspect,
neither positively nor negatively. Concerns regarding the ease
of use included potential initial overload when first using the
app and potential individual difficulties with the technology
and navigation.

Discussion

Principal Findings and Implications
In this study, we developed a concept for mobile health
knowledge transfer for patients with heart failure. We grounded
this concept on the requirements of patients with heart failure
and current theoretical frameworks. From the patient and
caregiver perspectives, we derived five central themes for a
health knowledge transfer concept.

Our findings contribute to the understanding of user preferences
and content organization in digital health interventions targeted
at users with heart failure. The integration of diverse
methodologies, including qualitative interviews, usability
testing, and participant feedback, fortifies the study’s
comprehensiveness, providing insights into user engagement,
health literacy promotion, and the practical implications for
digital health interventions. The results of this study represent
an important step toward the development of a mobile health
knowledge transfer tool for heart failure patients. By identifying
relevant features and characteristics, this work provides a
foundation for further refinement and testing, ultimately aiming
to support health literacy and improve patient outcomes. It
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becomes evident that a concept should focus on
individualization, topic relevance, media diversity, motivation
strategies, and trust-building mechanisms to optimize its impact
on health literacy and engagement of patients with heart failure.
Based on the findings, identified in the stakeholder interviews,
we developed a concept for knowledge transfer in a digital
health app for patients with heart failure.

We evaluated our concept with a digital prototype and identified
features and characteristics that are perceived as supportive in
increasing health literacy, that can promote motivation,
engagement, and joy, and that are able to convince patients of
a mobile health knowledge transfer. Most prominent was the
wish for content that is individually adapted and balanced
regarding the topics covered as well as media formats used to
present those topics.

The results of the prototype evaluation presented both
encouraging feedback and areas for refinement. Participants
highlighted the app’s structured design and ease of navigation,
emphasizing that these features facilitated a straightforward
user experience and enhanced the clarity of the presented
information. The quiz elements, in particular, were frequently
mentioned as engaging and motivating, showcasing the potential
of interactive components to sustain user interest and reinforce
learning. These positive responses suggest that the app
effectively addressed some of its primary goals, including
improving knowledge transfer and supporting patient
engagement.

Conversely, the feedback also identified challenges that should
be addressed in future iterations. Participants expressed concerns
of getting overwhelmed, potentially hindering comprehension.
This may reflect concerns about managing excessive information
or complex interactions within the app, particularly in the
context of their health condition. For users with chronic
conditions like heart failure, the introduction of too much
content or functionality in a single interface could exacerbate
feelings of being overwhelmed and lead to disengagement or
frustration [38]. Furthermore, badges and achievements were
mentioned to be not motivating despite research showing the
positive effects of such gamification elements [39,40]. Older
users or those less familiar with gamification might find such
features irrelevant or even patronizing if they do not see clear
value in them. Other gamification elements such as progress
bars, interactive storylines, or more useful rewards may be more
effective in motivating users. Therefore, future iterations could
explore the inclusion of a simple setup and customization menu
to enable or disable features such as gamification and other
user-preferred functionalities.

Accessibility is a critical consideration in designing digital
health systems to ensure they meet the needs of diverse users.
While none of the participants in our study raised concerns or
reported difficulties with accessibility, indicating that the system
was well-received by the target population, it is important to
account for potential challenges in broader user groups. Features
such as larger fonts, high-contrast visuals, simplified navigation,
and optional audio support can further enhance usability,
particularly for individuals with age-related changes in vision,
hearing, or varying levels of digital literacy.

The high rates of completion for most tasks suggest that the
interface and navigation design are intuitive, enabling users to
locate and interact with the desired functions efficiently. This
aligns with the positive feedback received during the interviews
conducted within the evaluation. However, with a few tasks
having a lower completion rate, some aspects of the design need
further refinement in future iterations. Factors such as
differences in technology familiarity, cognitive load, or previous
experience with the ProHerz app could have contributed to these
discrepancies. Interactive tutorials to onboard users and a further
adaptation of content may be able to better account for different
requirements, levels of experience, or cognitive abilities. In
particular, task 4 with a completion rate of only 57% was the
most problematic task for participants. The participants were
not able to locate the button to navigate to the informative
notifications. The reason for this is most likely the design of
the progress bar on the same page (Figure 3, right) that users
expected to be the button to the next page. Ensuring more
consistent visual cues for interactive elements could further
reduce the potential for misinterpretation and enhance the overall
user experience.

Comparison With Prior Work
The need for individualization is in line with the findings of
Giordan et al [41], calling for further customization especially
related to the educational level and digital literacy of users. Our
results additionally highlight the need for customization
regarding personal interests and lifestyle and the importance of
regular adaptation to changing circumstances in the life and
knowledge of users. Future applications require new strategies
to individually adapt educational content that can change over
time. This can include regularly soliciting user feedback through
surveys, using quizzes to assess understanding, or adaptive
learning algorithms based on user behavior within the mobile
app [42].

The topics covered in our knowledge transfer concept are in
line with the recommendations of the European Society of
Cardiology. They included information about heart failure,
symptom monitoring, self-management, medication, fluid intake,
implantable devices, physical activity, nutrition, smoking, sleep
mental health, and traveling [43]. The information was presented
using different media formats, which relates to current literature
emphasizing the benefits of this approach. A variety of formats
can support users with different health literacy levels and can
deepen the learning effects [29,43,44].

Strengths and Weaknesses
Several limitations apply to this study. Firstly, the participant
pool featured a restricted number of individuals, all
German-speaking and residents in Germany. Moreover,
participants were well-acquainted with the ProHerz app,
potentially influencing their perspectives and feedback,
especially regarding the ease of use. Given the advanced health
literacy levels of the participants, our findings may not
comprehensively represent the needs of individuals with lower
health literacy. The initial usability testing was conducted with
a convenience sample due to limited patient availability;
therefore, results from this group need to be interpreted with
caution. During the evaluation phase, 4 participants already
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were part of the stakeholder interviews in the first phase of this
study due to limited participant availability. Lastly, all
participants accessed the app on a laptop rather than a mobile
phone, introducing a potential discrepancy, as some users
reported difficulties with computer usage and the overall
interaction experience may be different. These limitations
underscore the necessity for cautious interpretation and highlight
avenues for future research refinement.

Our study combines several strengths: we were the first to
conceptualize a mobile health knowledge transfer within a
user-centered design approach. By prioritizing patient needs
and requirements, and involving healthcare professionals to
ensure relevance and meaningfulness, the study sets a precedent
in fostering impactful and patient-centric digital health
interventions. The incorporation of theoretical frameworks for
mobile health education enriches the conceptual foundation,
contributing to the overall robustness of the study and its
potential impact on the enhancement of patient-centered care.

Conclusions
We were the first to develop a mobile health knowledge transfer
for heart failure grounded on theoretical frameworks within a
user-centered design process.

By addressing individual health literacy levels, cognitive
challenges, and personal preferences, this knowledge transfer
concept can help patients better understand and manage their
condition. The active involvement of healthcare professionals

ensures that the resulting intervention is meaningful and aligned
with relevant healthcare aspects. The findings also emphasize
a discrepancy between what healthcare professionals perceive
as important for patients and what patients themselves prioritize,
particularly when it comes to identifying relevant healthcare
topics. Our results are paving the way to more personalized and
effective mobile health education for individuals managing
heart failure. The concept can be used as a foundation for other
digital platforms and mobile health apps to provide tailored
educational content and supporting clinicians in delivering
consistent, patient-specific information in home settings.

Future research opportunities should focus on longitudinal
studies to assess the sustained impact of this knowledge transfer
concept on health literacy, self-care behavior, and patient
outcomes. In this context, validated usability scales alongside
user interviews should be incorporated during iterative
development processes, while also addressing potential biases
in design and testing to ensure more robust and generalizable
findings. Additionally, possible strategies for better
individualization of health information should be further
explored. To better understand the impact of personalization,
future studies could incorporate a comparison of user
experiences before and after customizing the app, providing
valuable insights into how individualization influences usability
and user satisfaction. This presents an opportunity to investigate
adaptive learning algorithms that dynamically tailor content
based on user progress and preferences.
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Abstract

Background: Long COVID is an often debilitating condition affecting millions of people. Its diverse clinical presentations
make effective diagnosis and management at the primary care level difficult, while specialist services for long COVID face
extensive wait times. An electronic consultation (eConsult) program in Ontario developed a long COVID specialist group to
allow primary care providers (PCPs) prompt access to specialist advice for patients with long COVID.

Objective: This study aims to assess patterns of service use, response times, impact, and clinical content of eConsult cases
submitted to an eConsult long COVID specialist group in Ontario.

Methods: This study is a mixed methods analysis of eConsults submitted by PCPs to the long COVID specialist group of 2
eConsult services (Champlain eConsult BASE and Ontario eConsult) between June 1, 2021, and July 31, 2022. Data sources
included the use data collected automatically by the services, responses to a mandatory closeout survey, and the content of PCP
questions and specialist responses (Champlain eConsult BASE service only). Clinical questions or responses were analyzed using
2 validated taxonomies. Descriptive statistics were used for survey responses and use data.

Results: A total of 40 PCPs submitted 47 eConsults through Champlain eConsult BASE and 197 PCPs submitted 228 cases
through Ontario eConsult. The median specialist response time was 0.6 (IQR 0.19-2.36; mean 1.7, SD 2.29) days. The 5 most
common symptoms of long COVID were fatigue (14/47, 30%), dyspnea (7/47, 15%), cough (6/47, 13%), altered sense of smell
(ie, anosmia and parosmia; 6/47, 13%), and cognitive changes (6/47, 13%). The five main question categories asked by PCPs
were: (1) management of chronic symptoms of COVID-19, (2) need for additional work-up or follow-up testing, (3) community
resources to support or manage patients with long COVID, (4) diagnostic clarification, and (5) guidance regarding COVID-19
vaccination.

Conclusions: The long COVID groups provided rapid access to a multispecialty service that facilitated the avoidance of
unnecessary face-to-face referrals. An assessment of eConsults highlighted 5 common question types, providing insight into
potential gaps in knowledge among PCPs that could help guide medical education and policy.

(JMIR Hum Factors 2025;12:e58582)   doi:10.2196/58582

KEYWORDS

COVID-19; long COVID; eConsult; consultation; Canada; mixed methods analysis; diagnosis; primary care; electronic consultation;
COVID specialist; specialist; patient; assessment; COVID-19 vaccination; vaccination; symptom; medical education; web-based
consultation; teleconsultation; web-based consultations
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Introduction

The COVID-19 pandemic has had an unprecedented impact on
health care systems and economies worldwide. As of November
2023, there have been over 700 million reported cases of
COVID-19, resulting in over 6.5 million deaths [1]. As the
pandemic began spreading, the potential for long-term morbidity
from COVID-19 became apparent. The World Health
Organization reports that 10%‐20% of those infected with
COVID-19 report incomplete recovery months beyond the acute
illness—a condition commonly referred to as long COVID or
post-COVID-19 condition [2].

A recent Statistics Canada survey reported that 14.8% of
respondents with a previous positive test or suspected infection
for COVID-19 experienced ongoing symptoms at least 3 months
after infection [3]. Potential symptoms of long COVID are
varied, and people often experience symptoms across multiple
organ systems.

Primary care is ideally positioned to diagnose and provide
management for patients with long COVID. Unfortunately,
given its diverse clinical presentations and limited empirical
evidence guiding management, many primary care providers
(PCPs) lack the specialized knowledge to effectively identify
and manage long COVID. In certain jurisdictions, long COVID
specialty clinics have been established to support primary care.
However, demand and wait times for these clinics make timely
access a challenge. There is a need for innovative tools to
support PCPs in identifying and delivering care for those with
long COVID.

One solution to these challenges is electronic consultation
(eConsult), which allows PCPs to ask clinical questions
regarding their patients to specialists using a secure web-based
platform. In response to the pandemic, an eConsult service
operating in Ontario, Canada, launched a long COVID specialist
group, allowing PCPs to connect with specialists across multiple
disciplines with expertise in long COVID to help with the
diagnosis and management of their patients. Previous studies
assessing this eConsult service in Ontario have demonstrated
improved access to specialty care, reduced need for face-to-face
specialist visits, cost savings, and high physician satisfaction
[4-8].

In this study, we examined eConsult cases submitted to a long
COVID specialist group in Ontario to assess patterns of service
use, response times, the impact on the need for formal
face-to-face referrals, and the content of clinical questions being
asked.

Methods

Study Design
This study is a mixed methods analysis of eConsults submitted
by PCPs to the long COVID specialist group between June 1,
2021, and July 31, 2022.

Ethical Considerations
This study received ethics approval from the Ottawa Health
Science Network Research Ethics Board (REB protocol
2009848‐01). The Ottawa Health Science Network Research
Ethics Board waived informed consent for the study due to its
retrospective, cross-sectional nature, so individualized patient
consent was not obtained. All nonanonymized data were stored
on secure servers that are accessible only by approved users
who signed a privacy and confidentiality form.

Participants
Participants in the study were PCPs who were registered to 1
of the 2 eConsult services and who submitted at least 1 eConsult
to the long COVID group within the study timeframe.

eConsult Services
Two multispecialty eConsult services currently operate in
Ontario under the umbrella of Ontario eConsult. The first
service, the Champlain eConsult BASE (Building Access to
Specialists through eConsultation) service, was initially piloted
in 2010 across the Champlain region of eastern Ontario, which
includes Ottawa and its surrounding communities and has a
population of around 1.3 million people. The second service,
the Ontario eConsult Service, made eConsult available to all
PCPs across Ontario in 2018. Both services are funded through
the Ontario Ministry of Health. On June 2, 2021, a long COVID
specialty group was established on the Champlain eConsult
BASE service. Later in the year, a similar service was made
available on the Ontario eConsult Service, providing PCPs with
access to five different long COVID specialty subgroups that
were rolled out between December 2021 to January 2022: (1)
Post-COVID Condition Internal Medicine Provincial Group,
(2) Post-COVID Condition Neurology Provincial Group, (3)
Post-COVID Condition Phys Med/Rehab Provincial Group, (4)
Post-COVID Condition Chronic Fatigue Syndrome—Environ
Health Provincial Group, and (5) Post-COVID Condition
Respiratory Recovery Provincial Group.

Measures considered when recruiting specialists to eConsult
BASE-managed groups include the specialist’s experience, level
of interest, and ability to maintain an adequate case volume, as
well as maintaining equity across and within regions or
organizations. The services leveraged existing eConsult
specialists and recommendations from peers to identify eligible
specialists.

In total, 19 specialists were available to respond to long COVID
questions during the study period (5 on the Champlain BASE
and 14 on the Ontario eConsult service) from various specialty
backgrounds, including internal medicine, infectious disease,
neurology, physiatry and respirology (Figure 1).
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Figure 1. Timeline of the establishment of a long COVID specialty group for eConsult services. WHO: World Health Organization.

PCPs initiate an eConsult by logging onto a secure web portal
and selecting the specific specialty service from a dropdown
menu. The PCP fills out a structured electronic form and submits
the case along with any pertinent attachments (eg, laboratory
or imaging data). The case is assigned to a specialist from the
chosen group, who responds within 7 days (the median specialist
response time is typically 1 day [5]). When a case is closed, the
PCP completes a mandatory close-out questionnaire that gathers
information about the case’s outcome, whether a referral was
originally contemplated and whether it was ultimately avoided
as a result of the specialist’s advice, and the case’s educational
value and capacity to serve as material for continuing medical
education by using a 5-point Likert scale (Multimedia Appendix
1).

Data Collection and Analysis
We computed descriptive statistics to examine the overall use
of the long COVID specialist group from June 1, 2021, to July
31, 2022. Data from both the Ontario eConsult and Champlain
eConsult BASE services were analyzed to determine the total
number of cases submitted to the long COVID specialty group.
Time stamps for each eConsult were assessed to examine the
response interval for specialist responses, and the total
self-reported time billed was used to determine the amount of
time each specialist spent responding to the eConsult.

Following the established methodology, case transcripts of PCP
questions from eConsults submitted through the Champlain
eConsult BASE between June 1, 2021, and July 31, 2022, were
retrospectively reviewed. Case-level data were accessible for

Champlain eConsult BASE but not for Ontario eConsult. Two
investigators (MQ and JS) reviewed cases retrospectively using
2 validated taxonomies: the International Classification for
Primary Care, version 2 and Ely et al’s taxonomy of generic
clinical questions. The International Classification for Primary
Care, version 2 was used to classify clinical topics and
patient-presenting symptoms. The taxonomy of generic clinical
question was used for question classification. In many cases, a
single eConsult case had multiple questions, and patients often
presented with multiple symptoms; therefore, each case was
not restricted to a single clinical question or presenting
complaint or symptom.

We performed a descriptive analysis of all eConsult close-out
questionnaires completed by the PCPs. Specifically, we sought
to determine the PCP’s course of action after the eConsult (eg,
face-to-face referral avoided and face-to-face referral still
needed) and to gain insight into the nature of the advice given
to the PCP (eg, new advice given and advice confirmed course
of action initially contemplated).

Results

Overview
A total of 40 PCPs submitted 47 eConsults through Champlain
eConsult BASE between June 1, 2021, and July 31, 2022, and
197 PCPs submitted 228 cases through Ontario eConsult
between December 1, 2021, and July 31, 2022. These cases
comprised 0.2% (n=23,067) of the total number of closed cases
submitted to Champlain eConsult BASE and 0.5% (n=45,494)
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of all Ontario eConsult closed cases during their respective time
frames.

The median time for a specialist to respond to the eConsult was
0.6 (IQR 0.19‐2.36; mean 1.7, SD 2.29) and the average time
the specialist billed in responding to each eConsult was 27.5
(SD 18.53; median 20, IQR 15-45) minutes.

Clinical Content of eConsults
The retrospective taxonomy analysis assessed the clinical
questions PCPs asked in the 47 cases submitted through
Champlain eConsult BASE. Patients had a median age of 43
(IQR 6-65) and presented 24 unique symptoms across cases
(Table 1).

Table . Percentage of patients with reported symptom or finding.

Patients (n=47), n (%)Symptom or finding

14 (30)Fatigue

7 (15)Dyspnea

6 (13)Altered smell (anosmia, parasomnia)

6 (13)Cough

6 (13)Cognitive changes

5 (11)Chest pain

3 (6)Palpitations

3 (6)Altered taste (dysgeusia, ageusia)

3 (6)Congestion

2 (4)Alopecia

2 (4)Myalgia

2 (4)Rash

2 (4)Paresthesia

2 (4)Headache

2 (4)Tremor

2 (4)Insomnia

1 (2)Fever

1 (2)Eye pain

1 (2)Tinnitus

1 (2)Arthralgia

1 (2)Back pain

1 (2)Abdominal pain

1 (2)Edema

1 (2)Asthenia

The 5 most common symptoms were fatigue (14/47, 30%),
dyspnea (7/47, 15%), cough (6/47, 13%), altered sense of smell
(ie, anosmia and parosmia; 6/47, 13%), and cognitive changes
(6/47, 13%). The five main question categories asked by PCPs
were: (1) management of chronic symptoms of COVID-19, (2)
need for additional work-up or follow-up testing, (3) community
resources to support or manage patients with long COVID, (4)
diagnostic clarification, and (5) guidance regarding COVID-19

vaccination (Table 2; sample questions in Multimedia Appendix
2). The most common topics pertained to guidance on the
management of chronic symptoms of COVID-19 (22/47 cases,
47%), the need for additional work-up or follow-up testing
(20/47 cases, 43%), suggestions for community resources to
help support or manage patients with chronic COVID-19 (9/47
cases, 19%), and diagnostic clarification (7/47 cases, 15%).
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Table . Content of clinical questions asked of post-COVlD-19 condition specialists by electronic consultation (eConsult).

eConsult cases (n=47), n (%)Content topic

22 (47)Management of chronic symptoms of COVID-19

20 (43)Need for additional work-up or follow-up testing

9 (19)Community resources to support or manage patients

7 (15)Diagnostic clarification

7 (15)Guidance related to COVID-19 vaccination

6 (13)Necessary to refer to specialist

4 (9)Interpretation of testing

3 (6)Other

Outcome of eConsults
PCPs completed the post-eConsult questionnaire for 268 of the
275 cases submitted on both the Champlain eConsult BASE
and Ontario eConsult services during the study timeframe.
Through eConsult, PCPs were able to confirm a course of action

that they had initially contemplated in 35% (95/268) of cases
and received advice on a new or additional course of action in
59% (157/268) of cases (Table 3). In 38% (102/268) of cases,
PCPs had initially contemplated a face-to-face referral but found
it unnecessary after the eConsult, while an actual face-to-face
referral was needed in only 24% (64/268) of cases (Table 4).

Table . Impact of electronic consultation (eConsult) on PCPa course of action.

Responses (n=268), n (%)PCP survey answer

157 (59)I got good advice for a new or additional course of action

95 (35)I was able to confirm a course of action that I originally had in mind

5 (2)I got good advice for a new or additional course of action that I am not

able to implementb

5 (2)I did not find the advice very usefulc

6 (2)Other

aPCP: primary care provider.
bResponse option available only for the Champlain eConsult BASE Service.
cResponse option available only for the Ontario eConsult Service.

Table . Impact of electronic consultation (eConsult) on need for face-to-face referral.

Responses (n=268), n (%)PCPa survey answer

102 (38)Referral was originally contemplated but now avoided at this stage

88 (33)Referral was not originally contemplated and is still not needed

57 (21)Referral was originally contemplated and is still needed

7 (3)Referral was not originally contemplated, but eConsult process resulted
in a referral being initiated

2 (1)There was no particular benefit to using eConsult in this caseb

12 (4)Other

aPCP: primary care provider.
bResponse option available only for the Ontario eConsult Service.

Discussion

Principal Results
This study demonstrates the considerable potential of an
eConsult service to support PCPs navigating the complexity
and diversity of long COVID symptoms. By facilitating quick,
low-barrier access to specialist advice, eConsult empowered

PCPs to provide the best possible care for patients with long
COVID while avoiding long wait times for specialist referrals.
PCPs were able to get prompt specialist advice from a specialist
with a median response time of just over 12 hours. The main
question types identified in the study related to (1) the
management of chronic symptoms of COVID-19, (2) the need
for additional work-up or follow-up testing, (3) community
resources to support or manage patients with long COVID, (4)
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diagnostic clarification, and (5) guidance regarding COVID-19
vaccination. A face-to-face referral was not needed after the
majority of eConsult cases, so patients could be given an
expert-guided treatment plan without waiting to see a specialist.
To our knowledge, this is the first study to examine an
innovative electronic solution to help support PCPs in managing
long COVID.

Limitations
This study has several limitations. First, the taxonomy analysis
used data from a single health region in Ontario, which may
impact the generalizability of our findings. As mentioned above,
we only had access to case-level data from the Champlain
eConsult BASE service and not the Ontario eConsult service.
The Champlain region is a culturally and linguistically diverse
region and our findings were externally validated by specialist
team members who answered eConsults from across Ontario
and confirm the nature of the questions identified in this study
are representative of common questions asked across the
province. Furthermore, this study only examined eConsults
submitted to the long COVID group and it is possible that
relevant COVID-19 cases were submitted to other specialty
groups such as infectious disease. Finally, neither service
collects detailed demographic information about the PCPs using
the service, so we were unable to report any of this information
in our results section.

Comparison With Prior Work
With studies and data continuing to emerge about long COVID,
there remain significant challenges in diagnosing and managing
patients with this condition (O’Hare et al [9]). A systematic
review conducted by Macpherson et al [10] found patients
commonly expressed concerns about the lack of knowledge
about long COVID, and often found they received conflicting
or inconsistent advice from providers. There is currently no
effective validated treatment for long COVID [11]. This
challenge with management was evident in our findings, as
approximately half of the questions PCPs posed were related
to advice on management, and one-fifth inquired about
community resources to support with management. Furthermore,
59% of PCPs surveyed reported receiving new advice that
changed their management plans.

Recognizing the burden of long COVID, many jurisdictions
worldwide have implemented multispecialty long COVID clinics
and rehabilitation centers. Previous studies have shown that
these rehabilitation programs can have a positive impact on
various patient outcomes [12,13], such as increased quality of
life, reduced fatigue, improved functional status, and better
mental health [13]. Unfortunately, the demand for such clinics
is high, with many reporting long wait times. Digital strategies
such as eConsult provide a means for quicker access to support
patients and initiate management. They also have the potential
to reduce demand by allowing the PCP to provide guided care;
approximately 40% of PCPs surveyed highlighted that a
face-to-face referral was not needed as a result of the advice
they received through eConsult. This may lessen the backlog
of seeing long COVID specialists by decreasing the number of

unnecessary in-person referrals. Additionally, we were able to
quickly adapt the eConsult service to implement long COVID
groups, whereas setting up specific specialty clinics requires
greater coordination, time, and cost.

One of the other challenges in identifying and managing long
COVID relates to its diversity of presentation; the Public Health
Agency of Canada has reported over 100 different symptoms
associated with long COVID. In the 47 eConsults examined in
this study, 24 unique symptoms were reported, with the 5 most
common being fatigue, dyspnea, cough, altered sense of smell
(ie, anosmia and parosmia), and cognitive changes. These
findings are in line with other international studies. For example,
a UK-based study conducted by Carfi et al [14] also noted
fatigue as the most common long COVID symptom (51%),
followed by dyspnea (35%), arthralgia (25%), and concentration
difficulties (25%). This diversity in presentations can lead to
challenges with diagnosis, which is particularly important as
the symptoms of long COVID overlap with other serious and
possibly life-threatening complications associated with
COVID-19, such as pulmonary embolism, myocarditis, and
organizing pneumonia. Several publications have reported delays
in the diagnosis of life-threatening conditions such as pulmonary
embolism as they were mistaken for symptoms of COVID-19
(Yousefazai and Bhimaraj [15]; Melazzini et al [16]). In total,
15% (7/47) of PCP questions related to diagnostic clarification,
while 43% (20/47) of eConsults asked about the need for
additional testing to rule out other conditions. This highlights
the importance of getting timely advice to confirm the diagnosis
and avoid delays in the diagnosis of possibly life-threatening
conditions. The diversity of presentations also demonstrates the
need for a multidisciplinary approach to providing support for
patients with long COVID. To address this need, Ontario
eConsult established 5 unique subgroups that PCPs can select
(ie, internal medicine, neurology, physical medicine or
rehabilitation, chronic fatigue syndrome, and respirology)
involving providers from various specialties to better support
PCPs and their patients in getting helpful and appropriate advice
in a timely manner.

Conclusions
The long COVID groups available through the Champlain
eConsult BASE and Ontario eConsult services provided rapid
access to a multispecialty service that facilitated the avoidance
of unnecessary face-to-face referrals. Long COVID is a
multisystemic condition that is often debilitating, with a
significant impact on one’s quality of life and mental health.
Given the lack of knowledge around long COVID, limited
timely access to specialized long COVID clinics, and the
possibility of delayed diagnosis of life-threatening conditions
associated with COVID-19 (eg, pulmonary embolism), there is
an urgent need for innovative digital solutions such as eConsult
to better support PCPs to provide patients with timely access
to specialty advice. An assessment of eConsults highlighted 5
common question types, providing insight into potential gaps
in knowledge among PCPs that could help guide medical
education and policy.
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Abstract

Background: Digital self-monitoring tools, such as the experience sampling method (ESM), enable individuals to collect
detailed information about their mental health and daily life context and may help guide and support person-centered mental
health care. However, similar to many digital interventions, the ESM struggles to move from research to clinical integration. To
guide the implementation of self-monitoring tools in mental health care, it is important to understand why and how clinicians
and clients adopted, adapted, and incorporated these tools in practice.

Objective: Therefore, this study examined how clinicians and clients within a psychiatric center appropriated an ESM-based
self-monitoring tool within their therapy.

Methods: Twelve clinicians and 24 clients participated in the piloting of the ESM tool, IMPROVE. After utilizing the tool, 7
clinicians and 11 clients took part in semistructured interviews. A thematic framework analysis was performed focusing on
participants’ prior knowledge and expectations, actual use in practice, and potential future use of ESM tools.

Results: Many participants experienced that the ESM tool provided useful information about clients’ mental health, especially
when clinicians and clients engaged in collaborative data interpretation. However, clinicians experienced several mismatches
between system usability and their technical competencies, and many clients found it difficult to comply with the self-assessments.
Importantly, most participants wanted to use digital self-monitoring tools in the future.

Conclusions: Clinicians’ and clients’ choice to adopt and integrate self-monitoring tools in their practice seems to depend upon
the perceived balance between the added benefits and the effort required to achieve them. Enhancing user support or redesigning
ESM tools to reduce workload and data burden could help overcome implementation barriers. Future research should involve
end users in the development of ESM self-monitoring tools for mental health care and further investigate the perspectives of
nonadopters.

(JMIR Hum Factors 2025;12:e60096)   doi:10.2196/60096

KEYWORDS

digital self-monitoring; technology appropriation; experience sampling method; mental health care; mental health; self-monitoring;
digital health; adoption; implementation; thematic; usability; interview; experience; attitude; opinion; perception; perspective;
acceptance

Introduction

To improve access to and facilitate person-centered mental
health care, digital technologies are increasingly being deployed
to collect and share health-related data, deliver care, and support
individuals in managing their health [1,2]. The experience
sampling method (ESM; also termed ecological momentary
assessment) is a structured diary technique that enables
individuals to collect detailed information about their mental
health in their daily lives [3]. Using smartphone apps, the ESM
prompts individuals to complete brief self-assessments multiple

times daily, assessing their emotional states, behaviors, and
psychological symptoms. By allowing individuals to collect
this information and share it with their clinicians, the ESM can
ensure that therapeutic decisions are aligned with clients’
everyday experiences and needs. For example, by providing
insights into which activities an individual commonly engages
in, and how they respond to different daily life situations and
stressors, clients and clinicians can make shared decisions about
the focus of treatment [4].

Despite its potential, the ESM, similar to many other digital
mental health interventions [5,6], struggles to move from
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piloting and trialing to actual clinical implementation. To
address this research-to-practice gap, scholars have made calls
to adopt user-centered design strategies for developing digital
mental health tools [7]. User-centered design emphasizes the
importance of conducting in-depth analyses of users’ goals,
needs, and context of use to inform technology design [8].
Nonetheless, most evaluations of digital health technologies
focus primarily on quantifiable, technical aspects such as system
performance, usability scores, and cost benefits [9,10]. However,
an often overlooked but crucial step in implementing the ESM
and self-monitoring tools is understanding how and why people
integrate these technologies into their daily practices [11]. For
example, what are the goals people hope technologies will help
them achieve, what difficulties do individuals encounter when
using new technologies, and what strategies do they apply to
overcome technology use obstacles?

Studying the situated use of the ESM can provide essential
knowledge into how users appropriate and make sense of these
tools [12,13]. Technology appropriation can be examined in
three main stages [13]. The first stage involves users’ prior
knowledge and expectations, which determine their initial
willingness to adopt the technology. Expectations about potential
benefits (eg, simplifying tasks) and the effort required (eg, time
spent on training) are particularly crucial in shaping the initial
interest [14,15]. In the second phase, users explore and evaluate
the technology’s capabilities, while becoming familiar with its
functions. They adapt their practices to integrate the technology
(eg, maintaining an internet connection), and adapt the
technology to suit their needs (eg, disabling certain features or
altering settings) [13]. They will test the technology’s
applicability in different situations and determine what features
are most useful to them. Finally, if users find that the technology
has added value and helps them achieve their goals and tasks,
they might develop new routines and workflows that allow them
to integrate and use the technology in their daily practice, thus
moving into the third stage of persistent use [13].

To date, the appropriation of ESM tools in health care has
largely been overlooked. While one study has examined how
individuals with back pain appropriated ESM tools for pain
management [16], there is a lack of research in the field of
mental health care. As a consequence, we have a limited
understanding of how individuals with mental illnesses and
their clinicians interact with and make sense of digital ESM
tools, and what might lead them to adopt or abandon these
technologies. However, understanding this is vital for facilitating
successful implementation [15,17]. To address this knowledge
gap, we undertook a pilot implementation study, using the ESM
tool “IMPROVE,” a clinical prototype tool informed by research
examining clinicians’ and clients’ design preferences [18,19].
IMPROVE was used as a part of therapy following a 3-step
intervention, in which clinicians and their clients could (1)
personalize the tool to clients’ specific problems and situations,
(2) self-monitor clients’ mental health and daily activities via
an app, and (3) review the collected data in summarized graphs
in an online dashboard. To inform the further development and
implementation of clinical ESM tools, this paper aimed to
evaluate participants’ (1) prior knowledge and expectations, (2)
actual use in practice, and (3) potential future integration of

ESM-based self-monitoring tools. Addressing these gaps in the
literature will provide valuable insights into why and how clients
and clinicians in mental health care choose to adopt or abandon
digital self-monitoring tools in therapy.

Methods

Ethical Considerations
All participants provided written informed consent, and all
procedures were approved by the medical ethics committee of
KU Leuven (S64244). Participants were given a study ID to
ensure anonymity, and interviews were pseudonymized during
the transcription by removing personally identifiable information
and replacing them with pseudo codes. Finally, participants
were allowed to freely use the IMPROVE tool after completion
of the study but were not given additional compensation.

Study Design and Recruitment
We conducted a pilot study within the University Psychiatric
Center KU Leuven in Belgium in which we involved clients
and clinicians in testing and evaluating IMPROVE. The research
team was unable to access the clinic directly, due to COVID-19
restrictions. Therefore, invitations to participate were emailed
to all psychiatrists and psychologists affiliated with the
psychiatric center (N=142). The study aimed to enroll 12
clinicians, and initial invitations were followed by up to 2
reminder emails. For those interested, online informational
sessions with the research team were organized. Participating
clinicians were asked to recruit at least 1 client from their
practice. By allowing clinicians to select clients, the referred
sample provided a practical representation of the clients with
whom clinicians were likely to use the tool within a real-life
context.

The inclusion criteria were kept broad to reflect the diverse
reality of clinical practice. To be eligible, clinicians needed to
be certified mental health professionals and proficient in Dutch,
which was the language the intervention was designed in. Clients
had to be 18 years or older and also proficient in Dutch. To
replicate real-world implementation, clients were asked to use
their own smartphones. As a result, only clients owning a
smartphone with at least 3G coverage were eligible to
participate.

IMPROVE was run on the digital platform m-Path [20]. To
enable clinicians to use IMPROVE, they received a manual
with instructions on using the tool in their practice (Multimedia
Appendix 1: IMPROVE training manual) and were invited to
join an online training session. Clinicians and their clients were
then requested to complete the 3-step intervention (Figure 1).
In the first step, clinicians introduced IMPROVE to their clients
and assisted them in downloading the app on their smartphones.
They also discussed personalization of the tool, such as adding
symptom-specific questions or adjusting the notification
schedule. In the second step, clients self-monitored their mental
health for 6 consecutive days. They received 10 semirandom
notifications daily, prompting them to complete brief
self-assessments on mood and context. Additionally, they
received a morning notification to assess their sleep and an
evening notification to evaluate the day. In the third step,
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clinicians and clients reviewed the collected data together,
exploring factors such as clients’ activities, mood variability,

and mood-context interactions.

Figure 1. Overview of the steps included in the IMPROVE intervention.

Data Collection and Analysis
Due to COVID-19 measures, data were collected remotely via
online surveys in RedCap (Research Electronic Data Capture,
Vanderbilt University) [21] and through Skype interviews
(Version MSO; Skype Technologies). In some cases, poor
connections affected the quality of the interview recordings;
however, the overall data collection was not hindered by remote
methods. Demographic information was collected at study
enrollment and participants who completed the intervention
were invited to participate in a semistructured interview
(Multimedia Appendix 2: Interview guides). Interviews were
audio recorded and transcribed verbatim. We performed a
thematic analysis [22] in which we first conducted top-down
content-coding of the transcripts using a thematic framework

that identified interview material related to clinicians’ and
clients’: (1) previous knowledge and expectations, (2) actual
use in practice, and (3) potential future integration of the
IMPROVE tool (Table 1). Hereafter, we performed additional
inductive in vivo coding and used pattern and focused coding
to create labels for the in vivo codes and compiled them into
additional subthemes [23]. LdT undertook all primary and
secondary coding, which was then revised by the coauthors and
discussed in multiple peer debriefing sessions [24]. After each
session, the coding categorizations and labels were modified
and refined based on feedback from coauthors. To explore the
potential impact of the different themes on the discontinued use
of IMPROVE, additional information was extracted from
informal participant contact records kept by the research team.

Table . Thematic framework for top-down coding of interviews.

DescriptionTheme

Participants talk about any prior experiences or knowledge they have re-

garding the ESMa or self-monitoring tools (analog or digital). Participants
talk about their motivations and expectations related to using the ESM or
self-monitoring tools and participating in the study.

Prior knowledge and expectations

Participants talk about how they used the IMPROVE tool and how they
judged these experiences. Mentioning eg, what purpose they used it for,
when, and how often they used it.

Actual use in practice

Participants talk about their interest in using the IMPROVE tool (or similar
tools) in the future. Participants talk about potential changes that they find
would be relevant for future use and integration of the IMPROVE tool.

Potential future integration

aESM: experience sampling method.
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Results

Participant Characteristics
Nineteen clinicians expressed interest in participating in the
study, of whom 12 were enrolled. While a systematic record of
the number of clients approached by clinicians was not
maintained, at least 29 clients were invited, with 24 agreeing
to participate. Of the enrolled participants, 8/12 clinicians (67%)
and 17/24 clients (71%) completed the intervention; among
these, 7/8 clinicians (88%) and 11/17 clients (65%) subsequently
participated in an interview. A demographic summary of
interview participants can be consulted in Multimedia Appendix
3: Demographic summary.

Thematic Analysis
A complete overview of the themes and subthemes of the
analysis and how frequently they were mentioned by participants
can be found in Multimedia Appendix 4: Overview of themes.
Tabulated in vivo code summaries of participants’ individual
experiences can be found in Multimedia Appendix 5:
Individually summarized experiences. Additionally, illustrative
summaries are displayed in text boxes.

Previous Experience and Expectations
Individuals’ experiences and expectations are important
indicators of their initial willingness to adopt technologies.

While only 1 clinician had experience using digital
self-monitoring tools, most clinicians and some clients had
experience using analog self-monitoring or diary techniques.
Some clinicians also had experience with different forms of
digital tools within their practice (eg, online training platforms,
video consultations, and virtual reality). Similarly, several clients
had experience using mental health apps, eg for practicing
breathing techniques and cognitive-behavioral therapy exercises.
Despite their limited experience, clinicians generally expected
that IMPROVE would offer benefits over analog registration
methods, allowing them to more easily collect and summarize
information about their clients. However, several clinicians also
anticipated that there would be challenges and limitations for
using the tool. The most commonly mentioned was that low
digital literacy could be a barrier for both clients and clinicians
(Clinician 0100 Textbox 1). Clinicians’ motivation for testing
the tool was primarily driven by curiosity and the conviction
that they need to master digital tools, as these are becoming
increasingly dominant in the health care sector. Interestingly,
most clients were primarily motivated by a wish to help and
contribute to research but also expressed a curiosity toward
what digital mental health tools might offer (Client 0501
Textbox 2). Some clients hoped that IMPROVE would allow
them and their clinicians to get a better understanding of their
mental health problems.
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Textbox 1. “Might use digital self-monitoring tools in the future”– selected participants’ experiences.

CLINICIAN 0100:

Prior knowledge and expectations

• I had no experience with digital self-monitoring, but I am currently testing VR technology in therapy. I have previously worked with analog
self-registration in therapy.

• I expected it would be technically challenging to work with the tool.

• I want to try using new methods in therapy and I was eager to try the tool.

Actual use in practice

• It was difficult to find things in the dashboard and I needed help from the research team to use the tool. After a while using the platform got
easier, but it required a lot of time to get started.

• It was difficult to draw conclusions about my clients' data, but I asked my client for clarifications when I was not able to interpret their data.

Potential future integration

• The tool gave me more information about what happens in clients' lives.

• I might use the tool again if it is made easier to use.

CLIENT 0503:

Prior knowledge and expectations

• I had no experience with self-monitoring apps.

• I hoped to gain more insight into my mental health.

Actual use in practice

• Assessment frequency was high, but okay for 1 week.

• I think I responded to almost all notifications, but I sometimes missed notifications because I forgot my phone. Also, when I was not feeling well
I didn't respond to the notifications.

• Identifying, labeling, and scoring emotions on a scale are difficult.

• My therapist had difficulties operating the dashboard, so we didn't go into detail with the data.

Potential future integration

• I might use the tool again, but it is tiring to do for a long time.

• I prefer using the tool as a part of therapy, but I would like to have access to the data myself.

CLIENT 0802:

Prior knowledge and expectations

• I have no experience with health apps, but I use analog methods to keep track of my mental health.

• Digital tools allow you to do more than analog tools, so I thought it would be interesting to try.

Actual use in practice

• The number of notifications was okay, but I sometimes missed notifications because I was working or sleeping.

• Using the tool during the therapy session made it easier to recollect things that had happened.

Potential future integration

• I might consider using the tool again.
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Textbox 2. “Not likely to use digital self-monitoring tools in the future”– selected participants’ experiences.

CLIENT 0501:

Prior knowledge and expectations

• I had no experience with self-monitoring apps.

• I was hesitant to participate because I do not like self-assessments.

• I thought it was worth trying and I wanted to contribute to improving mental health care.

Actual use in practice

• It was difficult always to remember to have my phone with me.

• Notifications were sometimes disturbing and the assessment frequency was too high.

• It was important to me that I did not miss notifications; therefore, fear of missing notifications would sometimes stress me.

• Self-reflection was sometimes difficult and confronting.

• It was interesting to look at my data.

Potential future integration

• I don't find it likely that I will use the tool again.

Actual Use in Practice
Participants’ willingness to test the IMPROVE tool was
influenced by their initial expectations that digital
self-monitoring would provide them with benefits and
advantages. Below we describe how clinicians and clients used
the tool in practice and how they evaluated its capabilities and
contextual fit.

Step 1: Start-Up Session
Clinicians generally found that the time investment required to
learn to use IMPROVE was too much considering the time they
had available. Experiencing time constraints was also one of
the most common reasons reported by clinicians who did not
complete the intervention. Personalizing clients’questionnaires
in particular asked for extra time and effort from clinicians.
Despite emphasizing that the personalization of the IMPROVE
questionnaires made the tool more relevant, clinicians made
limited use of the available personalization options. Most clients
also expressed that personalization of the tool is desirable but
that clinicians did not discuss this with them.

Furthermore, while most clinicians were convinced that using
the IMPROVE tool would become easier with practice, many
clinicians indicated that the complexity of the tool was too high.
In particular, clinicians found that navigating the dashboard
was not intuitive and that it was difficult to find things and set
up the clients’questionnaires. Thus, many experienced that they
did not have adequate competencies to make full use of the tool;
“I constantly felt I was doing something wrong,” 1 clinician
explained. However, at the same time, clinicians made limited

use of the training manual and expressed a wish for more
in-person support. This was also reflected by several clinicians
contacting the research team for additional support after the
initial training (Clinician 0100,Textbox 1). Interestingly, some
clinicians resolved their need for support by organizing training
sessions with colleagues.

Step 2: Self-Monitoring
The majority of clients reported that they made an effort to
comply with the notifications, but many found that the frequency
of the self-assessments (10 notifications per day) was too high.
A few clients indicated that they would consciously skip
assessments because they did not consider it important to
respond to all notifications. Conversely, some clients also
mentioned that missing notifications would make them feel
guilty and annoyed, or that the thought of missing assessments
made them nervous and stressed (Client 0501, Textbox 2).
Although clients reported that completing the assessments did
not take them long, many experienced difficulties responding
to the notifications within the fixed 15-minute response window.
Several reasons for this were voiced, of which being occupied
with work and other daily activities was the most frequent
(Client 0802, Textbox 1; Client 0601, Textbox 3). Having an
irregular day rhythm or sleep schedule that did not match the
notification schedule, needing to carry one’s phone and ensure
an internet connection, and feeling unwell or tired were also
factors that made complying difficult. Importantly, clients who
dropped out of the study also reported a lack of time, difficulties
complying with the assessments, notifications stress, and feeling
unwell as reasons for not completing the intervention.
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Textbox 3. “Likely to use digital self-monitoring tools in the future”– selected participants’ experiences.

CLINICIAN 0600:

Prior knowledge and expectations

• I have no experience with digital self-monitoring, but I have used analog self-monitoring techniques in therapy.

• I think digital tools are easier to use than analog self-monitoring methods. Digital tools are used more and more, and we need to offer clients
tools that can help them achieve their goals.

Actual use in practice

• It takes time and effort to learn to use the tool.

• I didn't personalize my client questionnaire, because I wanted to start with the basics.

• I monitored my clients' responses and contacted them if I could see they weren't responding.

• There was a lot of data; I started with simpler visualizations and gradually added things. If I didn't know the client beforehand, I would not be
able to make sense of the data.

Potential future integration

• The tool provided more details and an overview and allowed us to go more in-depth with problems that we already knew were there. We used
the tool to identify what was important for the client.

• I will certainly consider using this tool again with my clients.

CLIENT 0601:

Prior knowledge and expectations

• I had no experience with health apps.

• I had no specific expectations and I’m generally skeptical about health apps, but I wanted to help research.

Actual use in practice

• I responded to as many notifications as I could, but I missed a lot because I was busy. I didn't consider it a problem that I missed some notifications.
I also had to remember to bring my phone and connect it to 4G.

• It is sometimes difficult to assess whether your mood changed and how much.

• I was amazed to see what came out of the data. My therapist was able to do a lot with the data, despite my low compliance.

Potential future integration

• The tool provided useful information and allowed me to get to know myself better.

• I would be interested in using the tool again, but I would like to have access to the data myself.

CLINICIAN 1200:

Prior knowledge and expectations

• I used digital self-monitoring tools before in therapy.

• Digital self-monitoring tools are easier to use and give better insight into clients’ lives than other methods. However, self-monitoring can be
difficult for some clients.

Actual use in practice

• Setting up the tool took a lot of time.

• It was interesting to look at the data, but the many visualizations were somewhat overwhelming.

Potential future integration

• The tool quickly provides you with an overview of how your client is doing.

• I would like to use the tool again, but it should be made less burdensome for clients. It would be interesting to monitor clients for a longer period
to evaluate their progress and the effect of treatments.

CLIENT 1201:

Prior knowledge and expectations

• I had no experience with mental health apps.
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I expected the tool would make it easier for my therapist to understand my problems.•

• I think there is a need for more mHealth in mental health care and that this tool might help me and others.

Actual use in practice

• There are too many notifications and they are sometimes disturbing. People should be allowed to snooze notifications if they are busy.

• I did my best to respond to the notifications. On good days, it is okay to complete the assessments, but on bad days, it is difficult.

• My therapist identified moments when I was feeling bad and tried to understand these.

Potential future integration

• The tool can make you aware of what you need to work on, and it makes it easier to monitor the effects of your treatment.

• I would like to keep using the tool to check how I am doing.

Several clients found the practice of labeling and rating their
emotions difficult. Some indicated that they were unsure whether
they completed the self-assessments correctly and expressed a
need for more guidance from their clinicians on how to respond
to the assessments. Several clients also expressed a wish for
more open questions that would allow them to describe their
experiences in more detail, as they did not find that the default
questions were sufficiently able to capture their experiences.
Interestingly, while clinicians were not instructed to do so, some
monitored their clients’ responses during the self-monitoring
week as a form of remote monitoring of clients (Clinician 0600,
Textbox 3).

Step 3: Data Feedback Session
To get the most out of the data feedback session, most clinicians
reviewed their clients’data in preparation for the session. Many
felt that preparation was necessary for them to understand the
data and be able to discuss it with clients. Many clinicians found
it challenging to interpret and navigate the graphs, which they
often perceived as overwhelming. This generally led clinicians
to be selective in the data they would review and discuss with
clients. All clinicians reviewed the data with their clients and
some also encouraged their clients to give their interpretation
of the data or to provide further clarification (Clinician 0100,
Textbox 1). Similarly, clients indicated that the support of a
clinician was crucial for them to make sense of their data. While
most clients reported that they could understand the graphs,
they also indicated relying on their clinician to help them
interpret the data. These findings indicate that, despite
challenges, most clinicians could provide useful feedback to
their clients based on the self-monitoring data.

Potential Future Integration
Despite encountering challenges, both clinicians and clients
described that the IMPROVE tool provided them with useful
insights. Next, we will explore how these experiences influenced
participants’ willingness to integrate and use digital
self-monitoring tools in their future practice. Clinicians and
clients were generally open to using digital self-monitoring
tools again. Participants who expressed the greatest interest in
continued use more often experienced an added value of using
IMPROVE (see Textbox 3). This included having access to
more detailed information about clients’ mental health, which
helped create an overview and clarity, and identify focus points
to discuss in therapy. Clinicians who had initial positive

expectations and believed digital tools were important in
supporting mental health care were also more willing to use
digital self-monitoring again. The clinicians who were more
hesitant reported more difficulties using IMPROVE and
expressed a greater need for support (see Textbox 1).

Clients who expressed a low interest in using digital
self-monitoring tools in the future also reported negative
reactivity in the form of stress and increased negative emotions
during self-monitoring (see Textbox 2). Interestingly, all these
clients had high compliance during the self-monitoring.
However, clients overall reported that the assessment frequency
should be lowered to make future self-monitoring less
burdensome. Moreover, some clients and clinicians expressed
an interest in using the tool for extended periods to monitor
progress and the effects of therapy. Finally, clients and clinicians
also expressed a desire to adapt the self-assessment further and
monitor factors more specific to the individual client.

Discussion

Principal Findings and Implications
To guide the successful implementation of digital
self-monitoring tools in mental health care, it is pivotal to
understand how people react, respond, and adapt to these
technologies. We examined how clinicians and clients in a
psychiatric center appropriated the ESM-based self-monitoring
tool IMPROVE within their therapeutic practices. In line with
existing theories, our results indicate that clinicians’and clients’
willingness to adopt and integrate digital self-monitoring tools
into their practice depend on the perceived balance between
added benefits and the effort necessary to accomplish these
[17]. The main benefits identified in our study included better
information about clients’mental health, while system usability
and assessment burden demanded extra effort from participants.
Below we discuss the potential implications of this for the
implementation of the ESM tools in clinical practice.

While some struggled more than others, all interviewed
participants managed to reach a basic level of use of the
IMPROVE tool within the intervention period. Furthermore,
we observed a great interest and curiosity towards digital mental
health tools, especially among clinicians. Many clinicians
experienced that using IMPROVE added value and generated
more clarity and focus in the therapy, by providing more detailed
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information about the clients’ mental health. Several clients
also experienced these benefits. Our findings suggest that a
collaborative effort between clients and clinicians is key to
maximizing the experienced benefits of the ESM tools. While
many clinicians struggled to construct a frame for the
interpretation of clients’ data, several turned to their clients to
help make sense of the data. Clients also stressed the importance
of having a clinician support them in interpreting their data and
doubted whether they would be able to do this themselves. Other
studies similarly highlighted the value of patients providing
clinicians with additional information about patient-generated
health data to unveil the subjective meanings of the data [25].
This indicates that collaborative data interpretation is an
essential component in the clinical application of the ESM tools,
which boosts the perceived usefulness of the tool. Therefore
this component should be emphasized and strengthened in future
implementation initiatives.

Most participants in our study expressed willingness to use the
ESM or similar tools in the future, although many emphasized
the necessity of making changes and improvements to the tool.
This aligns with previous findings that clinicians and clients
are generally interested in the ESM-based self-monitoring
[18,19,26]. However, the need for further adaption was reflected
by participants encountering several challenges in using and
integrating IMPROVE into their practice. Many clinicians
experienced difficulties navigating the tool’s functionalities,
which made it difficult for them to start using the tool and apply
more advanced features, such as personalizing clients’
questionnaires. Clinicians, therefore, expressed a need for more
in-person support. Unfortunately, these types of usability issues
are common in digital health tools [27]. A study examining
usability problems of eHealth applications found that system
navigation, interface design, and lack of built-in guidance and
support accounted for 69% of users’ usability issues [27].
Furthermore, consistent with other research [28,29], our study
indicated that technology literacy and attitude can influence
willingness to use digital tools. More anthropological field
research on mental health care workers’ existing technology
habits and literacy might help inform the system design of the
ESM tools and understand users’ context and capabilities.
Similarly, engaging end-users in co-design processes could help
tackle usability issues that could lead users to abandon the tools.
Finally, our results show that adequate support for clinicians
and clients is needed to facilitate the implementation of the
ESM tools in mental health care. Especially in the early adoption
phases, users should be supported in familiarizing themselves
with the tools and integrating them into their work routines.
Potential solutions could include more built-in guidance
functions in the tool or establishing additional structures (eg,
service centers) that can provide direct user support.

Furthermore, our findings emphasize that self-monitoring
demands a lot of clients, and can be difficult and burdensome
for people with mental health problems. While clients expressed
a wish to comply with the self-assessments, they often found it
practically challenging. In line with other self-monitoring studies
[30], we found that competing activities (eg, working) and
technical issues (eg, device or internet access) were the most
common reasons for missing assessments. To comply with the

assessments, several clients had to change their phone habits,
eg, ensuring that they always had their phone with them, and
had notifications and internet connection on. As it is known that
existing habits are important predictors of technology acceptance
[17], this need to change habits can become a threat for sustained
clinical implementation of ESM tools. Furthermore, some clients
reported negative reactivity to self-monitoring, which was
associated with less interest in using the tool again. Other studies
also found that while self-monitoring can be motivating and
helpful, it can also become a stressful activity that clients feel
obliged to comply with [31]. This highlights the need to
investigate how self-monitoring tools can be made less
burdensome for users while still producing valuable information.
Potential solutions could include the integration of passive
monitoring [32,33] or adaptive assessment schemes that allow
for periods with lower and higher assessment intensity [34,35].

Limitations
The findings of the study should be interpreted considering the
following limitations. One limitation is that the study relied on
referral sampling, which might have influenced the
representativeness and diversity of the sample. Furthermore,
the study was conducted in a large psychiatric center of a
university in Belgium. Clients and clinicians within different
health care settings or with different demographic backgrounds
might have different experiences of using digital self-monitoring
tools. Another limitation is the potential overrepresentation of
people with a positive attitude towards digital mental health
tools. Several clinicians for example recruited clients who they
expected were interested in using digital tools and had the
necessary technical literacy. Furthermore, none of the
participants who dropped out of the intervention participated
in the interviews. However, using contact records data, we
established that some of the challenges experienced by
participants who were interviewed were also reported as reasons
for dropout by participants who did not complete the
intervention. Future research should aim to better understand
the views of nonadoptors, identify the main reasons for
nonadoption, and work towards tackling these barriers in the
design and implementation of ESM self-monitoring tools.

Conclusion
ESM-based self-monitoring can provide clinicians and clients
with useful information about how clients’ daily life activities
correspond to fluctuations in their mental health. These benefits
seem to increase when clinicians and clients engage in
collaborative interpretation and sense-making of the clients’
data. Therefore, ESM tools have a clear potential to support a
person-centered approach to mental health care rooted in clients’
daily life experiences. However, our study highlights that the
effort required by clinicians and clients to integrate ESM tools
into daily practice remains substantial due to system usability
challenges and the burden of repeated assessments. Addressing
these issues in future ESM tool developments will be crucial
for successful implementation. One potential solution to tackle
these barriers is enhancing user support. Another is modifying
key features of ESM tools to better suit users and their contexts,
such as reducing the frequency of assessment and data
information load. Engaging end-users directly in this process
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through user-centered design approaches may ensure a better
fit between the tools, their context of use, and user goals and

ultimately facilitate better adoption.
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Abstract

Background: First Nations children and youths may have unique ways to convey their health needs that have not been recognized
by health providers. This may contribute to the disparity between high rates of mental health and physical pain and low rates of
treatment for the conditions they experience. Evidence suggests that a colonial history has resulted in poor experiences with the
health care system, lack of trust with health providers, and miscommunication between clinicians and patients. Contemporary
ways, using both Indigenous and Western knowledge, are needed to bridge the gap in communicating pain.

Objective: The aim of this qualitative study was to test the usability and clinical feasibility of the Kids Hurt App with First
Nations youths and clinicians working with youths.

Methods: Using a Two-Eyed Seeing approach, the Kids Hurt App was developed using concepts from validated mood and pain
assessment apps combined with community-based research that gathered First Nations youths and clinicians perspectives on
quality, intensity, and location of pain and hurt. The Kids Hurt App contains 16 screens accessible on any web-based device.

Results: In total, 3 rounds of low-fidelity testing (n=19), 2 rounds of high-fidelity testing (n=20), and 2 rounds of clinical
feasibility testing (n=10) were conducted with First Nations youths (10‐19 years) to determine the relevance, validity, and
usability of the Kids Hurt App. High-fidelity testing was also conducted with 15 clinicians after completing the high-fidelity
youth sessions. Youths had constructive suggestions that were used to improve the app in subsequent rounds of version testing.
There was one main discrepancy between youths and clinicians related to preference for how best to visually convey pain. The
youth’s preference was maintained in the app.

Conclusions: All youths in all rounds of testing indicated that they would use the Kids Hurt App if it was available to them in
a health care setting, with most clinicians noting that the app would be useful in practice.

(JMIR Hum Factors 2025;12:e48370)   doi:10.2196/48370

KEYWORDS

app; eHealth; pain; Indigenous; First Nations; children; youths; mobile phone

Introduction

Overview
Indigenous peoples in Canada are comprised of 3 distinct
groups: First Nations, Inuit, and Métis. They reside across
Canada, from large cities to small isolated communities [1]. In

comparison to non-Indigenous peoples, Indigenous peoples are
the fastest-growing cohort in Canada with a significantly
younger population [1]. Indigenous children younger than 14
years of age represent 25.4% of the total Indigenous population,
while the same age group in the non-Indigenous population
only compromises 16% [1]. Repeated reports of racism in health
care, such as those in the In Plain Sight report describing Joyce
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Echaquan’s fatal health care experience in Quebec [2], combined
with research findings [3,4] suggest that health care providers
need to understand the structural and historical factors that
contribute to the current racial disparities faced by Indigenous
peoples [5]. A legacy of colonialism and present-day racism is
a determinant of health that is unique to Indigenous peoples so
efforts need to be made to create better understanding,
appropriate assessment, and improved care for health conditions
such as pain [6].

While 1 in every 5 Canadian people experiences chronic pain,
this number is significantly higher in Indigenous communities,
and most types of pain are more prevalent in Indigenous peoples
[7]. Indigenous children are particularly vulnerable to
experiencing pain. In one study examining pain diagnoses, a
large sample of First Nations children (n=2631) who were
compared to an age-, sex-, and location-matched sample of
non–First Nations children, demonstrated that the First Nations
cohort experienced significantly more physical pain–related
diagnoses for 10 of the 13 pain indicators studied [7]. Further
to this, while ear- and throat-related diagnoses were the 2 most
diagnosed pain conditions for both groups, the First Nations
cohort was significantly less likely than the non–First Nations
cohort to visit a specialist for these same conditions,
demonstrating inequities in diagnosis and treatment [7].
Additionally, these data showed that children (0‐9 years) who
had a physical pain diagnosis were more likely to have a mental
health diagnosis in adolescence, a finding only evident in the
non–First Nation cohort who were seemingly able to access
mental health care [7].

Cultural variances in pain expression have also been found
between Indigenous and non-Indigenous children and youths
[8,9]. Latimer et al [8] concluded that Mi’kmaq children were
stoic and hid their pain. Children reported that they would not
cry when enduring pain and preferred instead to be “brave” or
“tough it out” [8]. These findings led researchers to conclude
that health clinicians may not have ways to accurately assess
or document the level of pain a child or youth is experiencing.
Similar findings of stoicism were reported in Indigenous peoples
in Australia, with participants often being described as quiet
about their pain and not reporting pain due to higher pain
tolerance, fear of Western medicine, or intercultural
communication difficulties [10]. Clinicians are trained to use
numerical or face pain scales to assess pain; however, only
minimal research has been done to determine if these self-report
pain scales are culturally appropriate for use with Indigenous
children, and indeed to our knowledge, none in First Nations
children [11,12]. Community members reported that numerical
pain rating assessment scales are confusing, and it is difficult
to attach hurt or pain to one measure such as a face or number
[9]. The evidence suggests that there is a clinical practice gap
in assisting Indigenous youths to convey their pain to health
providers. This study endeavored to find a culturally appropriate
mechanism to support youths in sharing their pain and to address
reports of a lack of clinician’s ability to recognize pain, which
creates a barrier to appropriate health care [13]. In response to
these needs, the Kids Hurt App [14] was cocreated with
Indigenous and clinical partners. It was created with the notion
that Indigenous peoples have many effective ways of

communicating knowledge that include visual images and
storytelling. This led the developers to explore how both
Indigenous and Western ways could be used to develop a better
assessment tool that puts the technology in the hands of the
youths. The aim of this qualitative study was to test the usability
and feasibility of the Kids Hurt App with First Nations youths
and clinicians working with youths.

Background

Two-Eyed Seeing
The project used a Two-Eyed Seeing (TES) approach, a term
coined by Elders Murdena and Albert Marshall, which
recognizes the benefit of seeing Indigenous knowledge and
experience from one eye while also seeing strengths from
another eye’s perspective that is different from one’s own [15].
The Western perspective is most typically how health care is
currently delivered. When both eyes are used, the ultimate
benefit is achieved by effectively enhancing the health of
Indigenous peoples through the practical sharing of knowledge
[16].

Digital Health Interventions for Indigenous Children
and Youths
Although there is a growing body of literature on digital health
and app-based interventions to manage pain in children and
youths, research on the development and usability of app-based
interventions for Indigenous peoples is limited. In a review of
digital health solutions for Indigenous mental well-being across
Canada, the United States, Australia, and New Zealand, Hensel
et al [17] indicated that co-designed app-based interventions
had been shown to reduce anxiety and depression symptoms
and contribute to well-being. The Aboriginal and Islander
Mental Health Initiative for Youth App, or AIMhi-Y, was
developed in consultation with Indigenous youths from Australia
and the Torres Strait Islands [18]. The youths identified apps
as a potential way to mitigate barriers to accessing help and
highlighted the need for a strength-based approach [18,19]. A
randomized controlled trial found that iBobbly, a suicide
prevention app developed in consultation with Indigenous youths
living in Australia, had only a minimal, nonsignificant impact
on psychological well-being outcomes, although qualitative
data indicated the app was helpful and that construct validity
issues may have been the reason why there was not a significant
impact [20]. To date, there is no research on the development
or usability of apps for Indigenous children and youths in
Canada [21].

Development of the Kids Hurt App
The Kids Hurt App was developed by the Aboriginal Children’s
Hurt and Healing Initiative for children aged 10‐19 years.
Funding for the app development and testing was received from
the Canadian Institutes of Health Research (FRN# 162455 &
SCA-145102), Indigenous Health Nursing Research Chair,
Dalhousie University (FRN# 167603), and IWK Health
Foundation. The Aboriginal Children’s Hurt and Healing
Initiative is a broad partnership, consisting of Indigenous
community leaders, clinicians, elders, youths, researchers from
universities, and health delivery systems. In keeping with
Ownership, Control, Access and Possession (OCAP) principles
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[22], the app is owned by communities involved in this research
study. OCAP is a registered trademark of the First Nations
Information Governance Centre and describes the principles of
ownership, control, access, and possession to ensure that First
Nations have control over data processes including ownership
and how their information is used. The app was developed to
facilitate pain communication between clinicians and Indigenous
youths in a culturally safe manner. It is not meant to replace the
history-taking step of a health care interaction but rather serves
to augment the quality of communication exchange by giving
youths an opportunity to share their pain story in a comfortable,
culturally safe way.

The app was developed using TES to ensure both Indigenous
and Western concepts and content were included. In total, 16
“screens” or interfaces were developed. Multimedia Appendix
1 provides an example of the final 16 screens developed.
Previous versions of these screens were used throughout various
stages of testing.

The first app screen asks users their gender and age (see Screen
1 in Multimedia Appendix 1), with the subsequent screen
providing them with the option to create an avatar or choose a
predesigned one (see Screen 2-3 in Multimedia Appendix 1).
First Nations youths were involved in the development of the
avatar designs through initial content validity testing to ensure
that visual representation was present. Once an avatar is chosen,
it is prompted to answer a series of responses to physical and

emotional pain prompts. The inclusion of both physical and
emotional pain prompts provides an example of how TES [15]
was used throughout the development of the app. Earlier design
ideas for the app had only physical pain prompts; however,
community feedback suggested that incorporating both physical
and emotional pain prompts would better represent the
Indigenous holistic view of health, which involves “a healthy
balance of 4 elements or aspects of wellness: physical,
emotional, mental, and spiritual” [23]. While this version of the
Kids Hurt App does not incorporate all 4 wellness aspects,
emotional and physical pain were chosen because they were the
most reported types of pain in previous research [7]. Future app
iterations are expected to include spiritual and mental
dimensions. There is also evidence that physical and emotional
pain are interconnected, and the app presents an opportunity to
highlight this for both youths and clinicians.

Additional incorporation of TES [15] involved the use of the
International Association for the Study of Pain assessment tool
guidelines [24] in the development, ensuring three key
assessment features were embedded into the app: (1) pain
location (see Screen 4-6 in Multimedia Appendix 1), (2) pain
quality (see Screen 7 in Multimedia Appendix 1, and (3) pain
intensity (see Screen 8 in Multimedia Appendix 1). Pain quality
icons were conceptualized based on previous art-based research
with Indigenous youths [8,9] as well as the Iconic Pain
Assessment Tool [25] and the Pain Quality Icon (QuILT) [26]
as illustrated in Figure 1.

Figure 1. Pain quality icon development.

Pain intensity was initially captured using 2 scales: a 10-point
“face scale,” mimicking the Faces Pain Scale—Revised (FPS-R)
[27], and a newly developed “Jar of Hurt,” building on the
concept of the “Pieces of Hurt” tool [28] and respecting the
nation’s language and word for “pain” which is “hurt” [8]. A
jar was used as a common, everyday item that would provide
the imagery of filling something up with pain or hurt. In
addition, details of where users were when they got hurt (ie,
school) and what they were doing (ie, playing) were also
included with options based on common places of injury noted

in the First Nations Regional Health Survey [29].The inclusion
of the where and what aspects of the app allowed the
incorporation of storytelling (see Screen 9-10 in Multimedia
Appendix 1), an approach with significant cultural ties for
Indigenous populations [30].

After completing questions regarding the user’s physical pain,
users are then prompted to provide information on their
emotional pain through a series of similar screens (see Screen
11-14 in Multimedia Appendix 1). Emotional pain icons were
initially chosen based on 22 common emotions identified from
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20 validated mood apps (Multimedia Appendix 2). Through the
initial content validity testing with First Nations youths, these
22 emotions were narrowed down to 8, which were identified
as most likely to be used to describe their emotional mood. The
resulting 8 emotions, both “negative” and “positive,” provided
a range of options and avoided bias in responses (Figure 2).
Emotional pain questions focused on users’ current emotional

state (happy, sad, and anxious), intensity of those emotions
(using the 10-point Jar of Hurt), and any physical symptoms
that may be associated with their emotional pain (ie, chest
tightness).

Upon answering both the physical and emotional pain questions,
information is presented on a final storyboard screen (see Screen
15 in Multimedia Appendix 1).

Figure 2. Emotional pain icons.

Methods

Study Design
Once an initial version of the app was finalized three types of
testing took place: (1) low-fidelity testing, (2) high-fidelity
testing, and (3) clinical feasibility testing. This testing or
development strategy mirrored the process published by Stinson
et al [31].

Ethical Considerations
Prior to project initiation, the study was approved by both an
Indigenous and tertiary pediatric hospital research ethics board
(Mi’kmaw Ethics Watch & IWK Health Research Ethics Board;
#1017831). Informed consent was obtained from all participants
or their parents or guardians prior to taking part in study
procedures. Youth participants received a CAD $10 (US $6.98)
gift card after completing the testing. Clinician participants were
not compensated. Data were deidentified immediately following
data collection sessions.

Participants
First Nation youth participants were recruited through social
media platforms and community organizations or contacts to
complete low-fidelity, high-fidelity, and clinical feasibility
testing. Clinicians recruited from a First Nation Health Centre

and a pediatric health center unit specializing in emotional or
physical pain–related services (rheumatology, pain clinic, etc)
also completed high-fidelity testing. Eligibility criteria for youth
participants included (1) self-identifying as Indigenous, (2)
residing in a First Nation community, and (3) being between
10 and 19 years of age.

Data Collection

Overview
The study took place over a 5-year period between April 2017
and March 2022. Significant delays were experienced due to
the COVID-19 pandemic. All youth data collection sessions
were completed within the youth’s Indigenous community to
ensure that local support resources were available if a youth felt
distressed. A trained mental health clinician was available as a
resource for each session, and smudging was offered for youths
who took part in the clinical feasibility sessions.

Low-Fidelity Testing
Low-fidelity testing is a qualitative usability approach where
youths were able to view a paper-based version of the app.
Youths completed a demographic survey prior to reviewing the
app screens. In total, 3 rounds of low-fidelity testing took place.
During each round, youths were shown paper-based screenshots
of the Kids Hurt App and asked what they liked and disliked
about the design through a series of semistructured questions.
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Sessions were audio-recorded and transcribed for clarity and
accuracy. After each round of testing, feedback was reviewed
and integrated into the app. Screenshots of the updated version
of the app were then shown to the next round of participating
youths until no further changes were suggested based on the
methods of Stinson et al [31].

High-Fidelity Testing
High-fidelity testing is similar to low-fidelity testing; however,
participants were able to review a fully functioning version of
the app rather than paper-based screenshots. Youths completed
a demographic survey prior to using the app, and all sessions
were audio-recorded and transcribed. Two rounds of
high-fidelity testing were completed with participating youths
to determine functionality and acceptability and to allow for
any suggested revisions to be shared. The app was viewed on
an iPad, and the youths worked through the app in the presence
of the research assistant. At the start of each session, youths
were asked to complete the app by themselves and to talk out
loud about any likes, dislikes, or difficulties. The length of time
it took for youths to complete the app from start to finish was
recorded. Then, they were asked to go through the app for the
second time with the research assistant who asked them
semistructured questions. Once finished, they were asked
open-ended questions on their overall thoughts regarding likes,
dislikes, ease of use, and whether they would use the app in a
health care setting if it was available. Feedback from each round
was incorporated until no further changes were suggested (2
rounds). Interviews with the youths were audio-recorded in each
of the 2 rounds to maintain the integrity and accuracy of the
findings.

After the youths completed the high-fidelity testing, clinicians
were then invited to take part in high-fidelity testing. Clinicians
were invited to use the app and then answer a series of questions
either through a digital survey or during a focus group. Focus
group sessions were transcribed to ensure data accuracy.
Questions assessed the clarity and importance of the various
app components and also allowed space for participants to
provide suggestions on what they would like to change or add
for each screen. Demographic questions were also asked to
determine participant’s profession and types of experience.

Clinical Feasibility Testing
Clinical feasibility testing was completed with youths to help
determine if the app works well, if it is easy to use, and if youths

found it relevant for use in their care. Youths were asked to
work through the app with the research assistant present and
then answer a series of questions in a digital survey format.
Questions ranged from demographic questions to those regarding
the app’s usefulness as well as functionality. Once an initial 5
youths had completed their review of the app, changes were
incorporated, and an additional 5 youths were invited to take
part. After 2 rounds of clinical feasibility testing with very
positive results and minimal changes, it was determined that a
third round was not needed.

Data Analysis
Demographic survey responses from all rounds of testing were
analyzed using the SPSS Statistics (version 24; IBM Corp)
database system to provide an overall breakdown of age and
gender. Field notes and transcribed interviews were reviewed
to determine any changes needed for subsequent rounds of
testing. Revisions associated with more large-scale app
functionality that were unable to be incorporated between testing
rounds, such as incorporating a feature to track pain over time,
were added to a database for future recommendations.

Results

Low-Fidelity Testing
A total of 19 youths participated in 3 rounds of low-fidelity
testing (round 1: 7 youths, round 2: 6 youths, and round 3: 6
youths). In total, 63% (n=12) of the participants were identified
as female. The average age for all participants was 13 (SD 2.46)
years. In the first round of low-fidelity testing, 1 participant
suggested that the Jar of Hurt scale should use a plus or minus
button to increase or decrease the amount of hurt rather than
the original “slider” option (Figure 3). In subsequent rounds,
youths were shown both the slider and the plus or minus option
and asked their preference. The majority of youths (n=11)
preferred the plus or minus option. The directions for describing
how to use the Jar of Hurt were also identified during
low-fidelity testing as needing clarification. A total of 6 of the
19 youths identified this issue. “I don’t know, it’s a little
confusing. It sounds complicated” (Female, 14 years). The
language was simplified, and it was agreed that it would be
further reviewed in the high-fidelity rounds.

JMIR Hum Factors 2025 | vol. 12 | e48370 | p.443https://humanfactors.jmir.org/2025/1/e48370
(page number not for citation purposes)

Francis et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Figure 3. Jar of Hurt—plus or minus button addition.

The final noted change from low-fidelity testing was an overall
dislike of the way the emotion face icons looked. One youth
described the faces as “creepy.” To address this, the facial icons

were redesigned to look like the user’s avatar rather than a
generic face as illustrated in Figure 4.
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Figure 4. Emotion faces—revised. Original image depicts 10 emotions rather than the finalized 8 emotions, as this was an initial mock-up screenshot
for testing purposes only.
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High-Fidelity Testing
A total of 20 youths participated in the 2 rounds of high-fidelity
testing (round 1: 10 youths and round 2: 10 youths). In total,
70% (n=14) of participants were female, and the average age
for youth participants was 16 (SD 2.46) years. The average time
it took youths to complete the app was 3.61 minutes (216.6
seconds; SD 48). All youth participants identified enjoying the
app and agreed it would be helpful to them.

It was pretty helpful. I know when you go to your
doctor, you don’t really want to open up. Sometimes
you’re nervous. At least the app helps explain how
you feel. [Female, 17 years]

Confusion remained regarding the use of the Jar of Hurt with
2 of 10 youths in the first round of testing describing it as
confusing. As a result, examples of an empty jar and a full jar
were added beside the plus or minus buttons to provide a visual
of how to increase or decrease the amount of pain or hurt (see

Screen 7 and 8 in Multimedia Appendix 1). After this change
was implemented, no confusion was noted in the remaining
high-fidelity testing round.

Participants also suggested revisions to the “I took something
harmful” icon in the “how you were hurt” section. Initially, this
icon included a skull and crossbones to symbolize poison;
however, youths suggested that something more representative
of drugs or alcohol should be included.

I think this would be something chemical, based on
the picture and skull thing. But I think something that
can be added is maybe drugs or alcohol. Because the
person may not always feel comfortable saying it but
hitting it on the button without thinking and if it’s
right in front of you, they may be honest. [Female, 18
years]

This icon was revised to better reflect youth participant’s
perception of which icons are most relevant to them (Figure 5).

Figure 5. “Harmful” icon changes.

A final revision resulting from the youth high-fidelity sessions
was determining a preference for which scale to use to represent
the quantity of pain. Youths were shown a scale with facial
images similar to those in the FPS-R and superimposed in the
avatar [27] (Figure 6) and the Jar of Hurt scale (Figure 7) and
asked which they felt would best allow them to quantify their

pain. The majority (n=12, 60%) preferred the Jar of Hurt scale.
One youth shared their reason why:

If you had to choose one option, I would say the jar
scale would be a lot better. Because maybe some
people, they know how to hide it. Their pain. So, I’d
say the jar scale is a lot better. [Male, 16 years]
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Figure 6. Faces Pain Scale—Revised expressions avatar adapted faces scale.

Figure 7. Jar of Hurt scale.
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In addition to youths, a total of 15 clinicians participated in
high-fidelity testing. In total, 10 clinicians completed this
through a digital survey, and 5 participants took part in a focus
group session. Most survey respondents were nurses (n=7, 70%),
and focus group participants included physicians,
physiotherapists, nurses, and psychologists.

In total, 14 of 15 clinicians found the app to be moderately or
extremely useful. Like youths, clinicians were asked to identify
their preference between the Jar of Hurt or the FPS-R adapted
scale (Figures 6 and 7) through the survey questions. A total of
7 of the 9 clinician respondents identified a preference for the
FPS-R adapted scale.

On 2 different screens, clinicians suggested adding an “other”
option. For the quality of pain screen, 4 of 5 clinicians from the
focus group felt that an “other” option should be included to
allow users to add their own quality of pain descriptors.
Similarly, for the emotional pain screen, all clinician participants
suggested adding an “other” option to allow users the flexibility
of adding any emotion they felt, even if not in the presented
list. These additions were made in subsequent versions of the
app.

Clinical Feasibility Testing
A total of 10 youths completed clinical feasibility testing (round
1: 5 and round 2: 5). Results from the clinical feasibility testing
were very positive, with 80% (n=8) of respondents identifying
that they found the app easy to use and 90% (n=9) saying they
would use the app in a hospital or health care setting. No
technical errors were found. Participants suggested that the Jar
of Hurt method was more geared toward younger youths but
also noted that they were happy to use the scale either way.
Suggestions for change were mainly larger design changes
identified as “future changes” including having a text or email
function to send results to themselves or their care providers,
having the ability to track changes in their pain or hurt over
time, and including translation in their Indigenous language.

Discussion

Principal Findings
In this study of clinicians and First Nations youths, 3 types of
testing occurred in the development of the Kids Hurt App:
low-fidelity, high-fidelity, and clinical feasibility. For the 2
groups of participants, each subsequent round of testing reduced
the app modifications. Overall changes were minor, but
important observations were thought to increase the usefulness
of the app for users.

Recent literature has identified that app-based interventions
may remove barriers to accessing care for youths [18,32,33].
Apps are accessible and may mitigate confidential concerns and
concerns about stigma. Smartphone-based apps may be
particularly useful, as authors from one study found that
smartphones are a mainstream technology and are an advantage
within the health care system [34]. While existing research
suggests that Western pain assessment tools are not appropriate
for Indigenous peoples [10], this study demonstrates how an
app can be developed collaboratively and engage youths to share
their pain respecting both Indigenous and Western knowledge

systems. All youths stated that they would use the Kids Hurt
App if it was available in the health care setting. Youths
reaffirmed that they often found it difficult to articulate their
feelings and felt that the app could help them communicate their
needs. This app allows them to share their pain and help
facilitate enhanced communication.

One notable finding in this study was the process of determining
which pain scale to use, the “Jar of Hurt” scale or the “face
scale.” In the initial development stages of the app, the “Jar of
Hurt” concept was chosen based on previous research regarding
the “Pieces of Hurt” tool [28]. While this research was
completed with younger children than our target population,
the concept of using objects rather than faces was appealing
based on previous research indicating that Indigenous children
are often stoic in their expression of pain and may hide their
pain rather than displaying it outwardly through facial
expressions [8]. Through high-fidelity testing, 60% (n=12) of
youths preferred the “Jar of Hurt” scale over the “face scale,”
and while it was noted in clinical feasibility testing that the scale
was more geared toward younger youths, participants identified
being happy to use the tool, regardless of that. Clinician
preference was strongly noted for the face scale likely because
of its similarity to the FPS-R scale, a well-known pain
measurement tool [27]. However, given that the app was
developed to provide youths with a valid way to convey their
pain and hurt and to develop an alternative to Western pain
assessment tools, the “Jar of Hurt” was maintained as the
preference for conveying pain intensity. This finding highlights
the importance of taking the time to validate patient indicators
of pain consistent with different age groups and populations.

Improved Health Care Experience
During a typical patient visit, a clinician obtains the patient’s
history, current pain experience, and future needs in a short
amount of time [35]. This can be challenging if a patient finds
it difficult to articulate their pain and hurt for a range of reasons,
such as stoicism or power dynamic, further causing delay in
timely and appropriate care [34,36]. In this study, participants
identified the app as “easy to use” and were able to complete
the app screens in an average of 3.61 minutes (216.6 seconds;
SD 48). The youths’ suggestions for app improvement, such as
the Jar of Hurt being a better way to capture pain instead of a
face that may hide pain, provide some indication that the Kids
Hurt App may facilitate better communication, and consequently
health care experience, by allowing Indigenous youths to convey
their pain through an app. Other comments such as the youths
who indicated pushing a button might be easier than talking
could imply that the app offers a nonthreatening and safe way
for youths to share their stories. Research has shown that youths
have high technological literacy and are comfortable using
eHealth apps [37,38]. In a generation where technology is fluent,
the Kids Hurt App can give youths a voice in the health care
system, in a medium they are comfortable with, to personally
advocate for their physical and emotional pain care.

Limitations
At the time of testing, the app was not yet available in the youth
participant nation’s language. The current version of the app
[14] is fully translated into Mi’kmaw. Communication between
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the provider and patient should always be clear and effective,
and having health information accessible in one’s primary
language is important [39]. Thus, we recommend that the app
be available in the nation’s primary language in any further
testing. An additional limitation is that testing was only
completed with 2 First Nation communities so results cannot
be assumed to be accurate for all Indigenous nations.

Conclusions
Culturally safe care acknowledges the attitudes, knowledge,
and behaviors of another’s culture in a respectful manner. If a
provider encounters an Indigenous patient, it would be important
to understand the patient’s unique historical legacies, ways of
communicating, and any potential intergenerational trauma that
may influence pain report [40]. Implications of creating and
using an app that has been codeveloped by the end users (First

Nations youths) increase the usefulness of the app and provide
a space for the provider and patient relationship to be optimized
for best care outcomes. The short app completion time is an
indication of the minimal effort it takes to offer a culturally
appropriate alternative to pain self-report and may reduce
miscommunication and repeat visits for the same condition.
Future research will include testing the app with non-Indigenous
youths as well as in various health settings such as mental health,
tertiary, primary care, and emergency departments. Further
development of the app related to youth’s self-report of effective
strategies that reduce pain and hurt is planned. The Kids Hurt
App is a culturally safe and evidence-based communication tool
that may allow First Nations youths to comfortably share their
pain and hurt stories. Each nation may be different in its
communication and will need to review the app for usability
and feasibility in its own communities.
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Abstract

Background: It is widely accepted that the COVID-19 pandemic has accelerated the era of online health care delivery, including
within community palliative care. This study was part of a larger project involving a collaboration between universities, health
care services, government agencies, and software developers that sought to enhance an existing telehealth (video call) platform
with additional features to improve both patient and health care professional (HCP) experience in a palliative care context.

Objective: The aim of this study was to understand palliative care patients’ and HCPs’ experiences of telehealth delivery in a
palliative care context in Victoria, Australia. For the purposes of this study, telehealth included consultations by both video and
telephone calls. By better understanding users’experiences and perceptions of telehealth, we hoped to determine users’preferences
for new telehealth enhancement features.

Methods: A total of 6 health care professionals and 6 patients were recruited from a major tertiary hospital network’s palliative
care unit in Victoria, Australia. Participants were asked to generate 3‐5 photographs depicting their telehealth experiences.
These photographs were used as visual aids to prompt discussion during subsequent one-on-one interviews. Intertextual analysis
was conducted to identify key themes.

Results: A total of 3 overarching themes emerged: comfort (or lack thereof) afforded by telehealth, connection considerations
in telehealth, and care quality impacts of telehealth. Patients (n=6) described telehealth as supporting their physical and psychological
comfort and maintaining connection with HCPs, yet there were specific situations where it failed to meet their needs or impacted
care quality and delayed treatment. HCPs (n=6) recognized the benefit of telehealth for patients but reported several limitations
of telehealth, in particular due to lack of physical examination opportunities. Participants indicated that 2 types of connection
were imperative for effective telehealth delivery: technical connection (eg, good internet connectivity or clear phone line) and
interpersonal connection (ie, good rapport and therapeutic alliance between the HCPs and patients). Often technical connection
issues impeded the development of interpersonal connection between the HCPs and patients in telehealth.

Conclusions: The findings presented in this study combined with other co-design activities, which are outside the scope of this
paper, indicated the potential value of a telehealth enhancement feature that generates patient-facing clinical consultation summaries.
Our team has developed a video telehealth enhancement feature (or “add-on”), which will enable clinicians to distill key actionable
advice and self-management guidance discussed during teleconsultations for a take-home summary document for patients. The
add-on’s prototype has also been subjected to an initial simulation study, which will be reported in a future publication.
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Introduction

In Australia, chronic illness continues to be a major challenge
in health care [1] with more than three-quarters (78.6%) of
Australians impacted by at least one chronic condition [2]. Many
of these chronic conditions are life-limiting [3], and thus patients
may benefit from palliative care [4]. The 2018 National
Palliative Care Strategy recommends the approach of using
palliative care as a “means to improve the quality of life of
patients and their families affected with life-threatening illnesses
through the prevention and relief of suffering by means of early
identification, assessment, and treatment of pain and other
problems” [5]. Studies have shown that palliative care improves
quality of life by improving independence, providing symptom
relief and pain control, and supporting the physical, emotional,
and spiritual needs of patients, their carers, and loved ones [6-9].
Furthermore, palliative care is linked with a significant decrease
in health care use and prolongment of survival [10].

Specialist palliative care in Australia is delivered using different
models of care depending on the geographic location and
available resources [11]. Many of these models of care were
transformed during the COVID-19 pandemic to promote
physical distancing [12,13]. One such approach for the delivery
of specialist palliative care in Australia was a move to telehealth
to limit hospital attendance and in-home visits [12]. The
implementation of telehealth in palliative care in Australia
demonstrated promise beyond the pandemic, with the potential
to improve communication, facilitating more equitable access
to palliative care (especially for those in rural and regional
areas), avoiding lengthy travel to hospitals or clinics (particularly
when patients are very unwell), and potentially assisting with
timely symptom relief [14]. However, for continued
sustainability and success of telehealth models, telehealth needs
to adapt and evolve based on feedback from patients and health
care professionals (HCPs) [15].

The importance of user involvement in the implementation of
palliative care services has been recognized and prioritized by
researchers to improve productivity, quality, and relevance of
care [16]. The aim of this study was to understand palliative
care patients’ and HCPs’ experiences of telehealth delivery in
a palliative care context in Victoria, Australia. For the purposes
of this study, telehealth included consultations by both video
and telephone calls. This study was part of a larger project
involving a collaboration between universities, health care
services, government agencies, and software developers, which
sought to enhance an existing telehealth (video call) platform
with additional features to improve both patient and HCP
experience. By better understanding users’ experiences and
perceptions of telehealth, we hoped to determine users’
preferences for other telehealth enhancement features.

Methods

Participants
Palliative care professionals and patients were recruited from
the Monash Health Supportive and Palliative Care Unit at a
tertiary hospital network in Victoria, Australia. HCPs, including
palliative care medical and nursing staff, and interpreters
involved in the Unit’s use of telehealth were invited to
participate by email. The Unit has video telehealth palliative
care clinics for oncology patients. In addition, during COVID-19
outbreak, the Unit provided a telehealth outreach service when
in-person home visits were not possible.

Patients aged 18 years and older, with conversational English
proficiency, currently using telehealth to access palliative care
were invited through email invitations and postcards. A total
of 6 patients and 6 HCPs participated in the study. All
participants lived in Victoria and spoke English as their primary
language. The patients’ ages ranged between 54 and 61 years
old. In addition, 4 of the 6 patient participants identified as
female and 2 identified as male. The HCPs’ages ranged between
33 and 62 years old, with 5 identifying as female and 1 as male.
The duration in their health care roles ranged from 6 months to
8 years. Their roles were ‘doctor’ (n=3), ‘interpreter’ (n=2), and
‘nursing clinical coordinator’ (n=1). Our 6 patient participants
have been deidentified as P009, P012, P013, P014, P015, and
P016, and HCP participants as HCP001, HCP003, HCP 004,
HCP005, HCP010, and HCP011.

Data Collection
The study used a qualitative photo interviewing technique
[17,18]. Participants were requested to generate 3‐5
photographs based on certain prompts and share them with the
research team. HCPs were asked to click photographs to depict
their everyday work life in the context of telehealth models of
care, what telehealth represents in their work, general
experiences, and opportunities for improving current telehealth
models. Similarly, patients were asked to generate photographs
to illustrate their experience of receiving health care through
telehealth, what telehealth represents for them as patients and
their everyday lives, and opportunities for improving telehealth
models of care. Multimedia Appendix 1 and Multimedia
Appendix 2 shows the specific instructions provided to both
HCPs and patients.

Participants emailed their photographs to a member of the
research team. Subsequently, telephone interviews, lasting
between 30 and 45 minutes, were conducted with each HCP
and patient participant. During the interviews, participants were
asked to elaborate on what each of the photos meant for them
and how the photographs related to their experiences of
telehealth. During the interviews, use of participant-generated
photographs helped trigger participants’ memories and invoke
their deeper consciousness, values, attitudes, and personal
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meanings of telehealth [19-21]. The visual aids also helped the
researcher and participant reach a shared understanding of the
topic [22]. All the interviews were audio-recorded and
transcribed verbatim by a professional transcribing company.
The interview transcripts were deidentified, and photos blurred
to protect participants’ identities. The anonymized transcripts
were imported into Microsoft Word and the photos inserted at
the point where they were discussed during the interviews,
allowing for an intertextual analysis in which the participants’
photos and words could be viewed together [23].

Data Analysis
A multistep data analysis process was conducted, involving
intertextual analysis wherein participants’ words and photos
were viewed together and analyzed using a 3-step process
involving (1) preview, (2) review, and (3) cross-photo
comparison [23]. In the first “preview” stage, the first author
reviewed all the photos and identified recurring motifs. These
motifs were recorded in a PowerPoint slide deck and shared
with the research team at a meeting for feedback and further
interpretation. Subsequently, a more in-depth “review” was
conducted wherein one researcher coded all the interview
transcripts with relevant themes and subthemes in more granular
detail. The emergent codebook was shared and workshopped
with the research team to further distill the emerging patterns.

The final stage in the data analysis process was “cross-photo
comparison.” During this phase, the research team discussed
the similarities and differences within and across participant
groups (eg, within patient participants’ or within HCPs’
accounts, or across patients’ and HCPs’ accounts). Often the
patients’ and HCPs’ accounts provided contrasting experiences
of the same facet of telehealth use (referred as
“counter-examples”). For example, where patients valued the
convenience of telehealth and being able to liaise with their
doctors from anywhere, HCPs found patients’ use of telehealth
in certain places (eg, public spaces) disruptive and uncongenial
to the therapeutic process. To organize the emergent themes, a
storyboard was developed by the first author containing
illustrative quotes and photographs from both patients and HCPs.
This story board has been provided in Multimedia Appendix 3
. The storyboard was presented to the research team and
subsequently, manuscript development commenced.

Ethical Considerations
Ethics approval for the study was obtained from the Monash
Health Human Research Ethics Committee (project

identification number 79681). All participants were provided
plain language summaries of the research project, and what their
participation would entail. All participants provided informed
written consent. They also had the option to stop the interview
at any point. Only approved members of the research team had
access to the identifiable participant information. All interview
transcripts were deidentified before the commencement of the
data analysis process. Photos generated by participants showing
any humans were also blurred to preserve participants’ privacy.

Results

Overview
A total of 3 themes were identified: comfort (or lack thereof)
afforded by telehealth, connection considerations in telehealth,
and care quality impacts of telehealth. It should be noted that
while these themes are presented as distinct categories, they are
not necessarily mutually exclusive. In addition, in some cases
the themes included counter-examples, as mentioned above.

Comfort (Or Lack Thereof) Afforded by Telehealth
For some participants, telehealth afforded them greater physical
and psychological comfort. However, for some others, telehealth
hampered their physical and psychological comfort. Therefore,
this theme elucidates how telehealth use impacted patients’ and
HCPs’ physical and psychological comfort.

Physical Comfort
Palliative care patients often experience physical discomfort,
including pain and fatigue, which in turn impacts their ability
to visit clinics for in-person consultations. Patient participants
advised that they had arranged their homes in ways that
minimized their discomfort. Telehealth enabled them to remain
in this environment, unlike in-person appointments, which lead
to physical exertion due to travel and wait times, with this issue
compounded for rural patients.

Patient participant P015 captured this theme when discussing
a photo (Figure 1) of the room where they spent most of their
time. They reported being “in pain 24/7” and explained how
telehealth helped minimize their discomfort:

...You can actually see how close my bed; my chair
is to my office desk. And so, I just use the walking
frame, I get to the chair very easily. I sit in my chair,
I’m listening to a bit of music, or I’m just watching
TV…I’ll sit in the wait in the chair, waiting for the
doctor to come in. [P015]
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Figure 1. Patient home office for telehealth consultations (P015).

By contrast, some HCPs associated telehealth with physical
discomfort. HCPs working in the palliative care outreach service
during the pandemic, as opposed to the Unit’s dedicated
telehealth clinics, reported that private rooms were not always
available. Therefore, telehealth appointments were often
conducted in shared workspaces, which could be noisy and
distracting, impacting their ability to effectively conduct quality
consultations with patients. For example, HCP001 included a

photo of the shared office space (Figure 2) where they often
conducted telehealth consultations and stated:

It gets very loud because we’re [all] talking… So then
anybody else talking on the phone, someone else has
to talk up to talk over the top of that, and then
anybody having a conversation with each other in the
office has to talk up. [HCP001]
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Figure 2. Palliative care service shared office space (HCP001).

Psychological Comfort
Alongside physical comfort, telehealth provided patients with
psychological comfort by reducing the stress associated with
in-person appointments. Participants reported a variety of
psychological stressors associated with in-person appointments,
which were mitigated by using telehealth, for example, travel
and wait times, risk of exposure to COVID-19 in hospitals,
forgetting key questions for their doctors, and financial stress,

particularly for rural patients who may need to make overnight
accommodation arrangements for brief appointments. P013
provided a photo of a piggybank (Figure 3) and stated:

…going to appointments, car wear and tear, fuel for
my daughter, parking fees, petrol... [With] telehealth,
[I] don’t have to spend that money… [the money
saved could be spent on] all the bits and bobs that
they keep chucking at me to take. [P013]
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Figure 3. Piggy bank (P013).

The psychological comfort associated with the freedom to stay
in one’s chosen location and receive health care from the
comfort of their own homes is also illustrated in P014’s photo
(Figure 4) and quote as follows:

My bush family are my reason for living out here …
This is my family. Because of telehealth, I get to stay
home and enjoy them. You know, I don’t lose a day
or two being on the road away from them. I know it’s
only animals but for some people, you know, animals
are our family. [P014]
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Figure 4. Life in ‘the bush’ (P014).

For some outreach service HCPs, however, the sudden
large-scale transition to telehealth in the aftermath of the
COVID-19 outbreak, led to some psychological discomfort at
their perceived inability to provide their usual standard of care.
Given their professional training had primarily been in
face-to-face care, they felt ill-equipped to efficaciously transition
to online care. HCP005 provided a photo of themselves holding
their stethoscope up to the camera (Figure 5), demonstrating

the limitation of physical examination in telehealth
consultations. HCP005 said that the return to more in-person
consultations was “almost a relief” post–COVID-19 pandemic.
They further elaborated:

…often to be thorough in your assessment, as a
doctor, you’ve been trained [to] do your history,
examination and do investigations. I guess telehealth
takes away … what we’re trained to do. [HCP005]
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Figure 5. Health care professional (HCP) uncomfortable about limitations of telehealth (HCP005).

Connection Considerations in Telehealth
Participants indicated that 2 types of connection were imperative
for effective telehealth delivery: technical connection (eg, good

internet connectivity or clear phone line) and interpersonal
connection (ie, good rapport and therapeutic alliance between
HCPs and patients). Often technical connection issues impeded
the development of interpersonal connection between the HCPs
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and patients in telehealth. This theme illustrates how technical
connection and interpersonal connection impacted the
participants’ telehealth experiences.

Technical Connection
The technical aspects of connection included the skills required
to use the technology, internet and mobile phone connectivity,
and specific hardware and software concerns. HCP participants
noted that their patients had first been introduced to the
telehealth model of care during the pandemic with varying levels
of technological proficiency. Patients with limited technological
proficiency needed to build their confidence and skills over
time, with support from HCPs, support staff, and family
members. HCPs described situations where no one had checked
whether or not a patient’s computer had required microphone
and video capabilities. Internet connectivity and bandwidth
issues were also reported by both patients and HCPs. HCPs, in

particular, due to their volume of telehealth calls, reported a lot
of time lost to troubleshooting connectivity issues, which
impacted the time available for clinical conversations. Often
participants had to transition to telephone calls. For example,
P012 shared an image of their landline home phone (Figure 6),
describing it as follows:

It is the most reliable tool in my house. It never drops
out. Whereas the Internet … the internet on my
computer can be slow or drop out or whatever at a
telehealth appointment. And my mobile phone drops
out, it’s unreliable as well. But this phone is not
unreliable. So if I lose a connection with any of the
doctors, I know I can ring them on that phone … and
it’s not going to drop out. That’s really important …
So the landline is a good back up source for me for
telehealth. I always have it sitting there in case
something happens. [P012]
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Figure 6. Landline home phone as back-up (P012).

Nevertheless, participants also reported that in the absence of
connectivity issues, and with the appropriate skill level to use,
and availability of the right technology, telehealth can be very
useful and seamless. For example, HCP003 illustrated a good
experience of using telehealth involving both a patient and their
carer in Figure 7, and recounted:

… essentially showing how we can make it work when
everyone is capable of using telehealth. On the right
… that’s actually the patient’s son … But it just shows
how it can work. So … having patient caregiver in
telehealth, it is all very possible. The video worked
well the audio worked well ... there was no barrier
there. [HCP003]
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Figure 7. Positive experience of telehealth (HCP003).

Interpersonal Connection
Participants expressed a general preference for video
consultations over telephone consultations because of more
opportunities for eye contact, and reading of facial expressions
or other nonverbal cues. The notion of power dynamics between
HCPs and patients also emerged, with some participants stating
that conducting the consultations over telehealth made patients
feel more relaxed and open, as opposed to feeling nervous in

front of their HCP in person. P012 provided an image of their
laptop (Figure 8), which they used for video consultations and
stated:

I’ve noticed for me that I open up and talk more ...
But when I’m in his rooms, I’m intimidated when I’m
in person with him, face to face. I’m more conscious
of myself and self-conscious. Whereas over the
computer I’m not. I’m really confident and I just pour
everything out. [P012]
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Figure 8. Patient’s laptop used for video consultations makes them feel more relaxed (P012).

The type of technology used for video consultations also played
a role in the quality of the clinical conversations. As previously
mentioned, participants sometimes had to rely on backup options
such as mobile phones or landlines for consultations due to
technological failures, which also impacted the quality of their
telehealth consultations. HCP011 shared a photo of an outreach

service consultation that they had joined using their mobile
phone, because the laptop and desktop were being used by other
HCPs (Figure 9), and reflected:

The pictures are very small. So it just does not give
you a realistic feeling of seeing a patient. [HCP011]
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Figure 9. Video consultation conducted on a mobile phone (HCP011).
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In addition, participants generally agreed that periodic in-person
consultations interspersed between their regular telehealth
appointments were necessary to generate rapport between
patients and HCPs. P015 had video telehealth oncology
appointments every 6‐8 weeks for over a year, despite which
they said, “I’ve never met my oncologist,” by which they meant
that they had never met their oncologist in person. Even P012,
who felt they were able to be more open through telehealth said:

the doctors should touch base with you specifically
in person after a period of at least six months….
seeing them person to person sort of reconnects the
relationship. [P012]

In considering the benefits of in-person care, HCP010 said:

…we still want that relationship with the patient, we
want to look them in the face and an important aspect
of interpreting is body language. So even if you see
them on the screen, [it] is not the same. [HCP010]

HCP005 explained that some patients, “feel a bit suspicious or
not completely trusting when you are not there [in person].”

Separately, HCP004 and HCP005 both also said that breaking
bad news was more difficult through telehealth because of their
inability to offer comfort through nonverbal communication
like touch.

Care Quality Impacts of Telehealth
This final theme elucidates participants’ perceptions about how
telehealth impacts the quality of health care for patients.

Patient participants expressed mixed feelings regarding their
satisfaction with the telehealth model of health care. While some
participants perceived that the care they received through
telehealth was satisfactory, others expressed concerns around

issues such as lack of physical examination, impact on treatment
timeliness, and communication.

Patients who described telehealth care positively viewed the
crucial elements of care as unaffected. P014 explained that being
able to share documents and show the HCP medications meant
that:

[telehealth] doesn’t stop the communication process
in anyway…as [a] patient I’m not missing anything.
[P014]

Participant P014 was also able to monitor their blood pressure
and oxygen saturation at home and share this information with
their HCP. HCP004 saw telehealth as working well when there
was another complementary team, for example,
“hospital-in-the-home,” which offered in-person care and
provided clinical information to the palliative care patients.
They also described the benefits of using telehealth to determine
when an in-person visit was necessary:

it works best where there’s opportunity for, or being
able to identify that you can’t rely on telehealth alone.
[HCP004]

Participants who believed that the lack of an in-person
examination had compromised their care were more negative
about telehealth. For example, P013 shared a photo of their arm
in their lymphoedema sleeve (Figure 10) to describe the way
telehealth had limited their care:

I was seeing her [my HCP] pretty much monthly on
telehealth. As my arm would flare up, there was still
not much she could do because we weren’t allowed
in … she finally got face to face with me, measured
me up for the sleeve, so that was six months without
proper diagnosis. [P013]

Figure 10. Lymphoedema sleeve (P013).
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This participant perceived that their symptoms had not been
taken as seriously or treated as effectively because the HCPs
involved had not been able to examine them.

P016 used a photo of their skin (Figure 11) to discuss the
implications of limited physical examination opportunities in
telehealth:

I was trying to explain to the doctor what the problem
was … he actually couldn’t see me, what I was trying
to explain he couldn’t see … And we didn’t really get
to the bottom of what it was. [P016]

Figure 11. Patient finding it difficult to show the health care professional (HCP) her skin redness concern (P016).

For this participant, in-person care was important not only in
this specific instance, but also because:

the doctor would pick up from the last time he saw
you or your oncologist who last saw you [on] sort of
things that you don’t notice in yourself … I just feel
as I’m getting more unwell, that I need to have more
face-to-face appointments than telehealth
appointments, but they tend to push you towards
telehealth. [P016]

HCPs also stated that telehealth sometimes resulted in less
thorough assessments. HCP001 explained that this may be the
result of poor technical connection, whereas HCP005 described
it as a problem when the assessment required a third party to
facilitate the telehealth consultation, such as staff in an aged
care facility, whose other duties meant they did not have the
requisite time to devote to the consultation.

On the other hand, a positive aspect of the telehealth model of
care for patients was their ability to feel more in control of their
self-care and self-management during telehealth consultations.
For example, patient P012 took a photo of their notebook (Figure
12) to illustrate that they felt more comfortable bringing
prewritten notes for discussion and scribing notes during a
telehealth consultation than they would in person:

Notebook [is] very important ... Leading up to all my
appointments I have, I make notes. And then when
my appointment comes up, I cross stuff off … that’s
really important. For me, it’s my notes. That way, I
know I’m not going to forget anything. And whatever
they say to me that’s relevant or important, something
I had to do or whatever, I’ll write it down … I
probably wouldn’t do that at the doctor’s … But
online I can just do it on the side while I’m talking to
them. [P012]
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Figure 12. Patient feels more in control of their ability to take notes before and during telehealth consultations (P012).

Similarly, another patient P009 recounted a similar experience
of feeling more comfortable about their ability to capture
important information before and during a telehealth
consultation by having family members present with them from
the comfort of their homes:

Part of the brain tumors is that I can’t remember stuff
afterwards. So I have to have someone there who’s
like my virtual notepad … they can answer things that
I may have forgotten especially to do with medication

because it seems to be the main one or [one of the]
side effects … So it works well as in, they’ve [husband
and/or daughter] got an area where they can be
comfortable … I have a pad and pen here. But of
course I have sometimes husband and/or daughter
not only remembering stuff like that’s said but going
back and reminding me of stuff I need to tell the
oncologist that I may have forgotten about. [P009]
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Discussion

Principal Findings
Our intertextual analysis yielded 3 key themes: comfort (or lack
thereof) afforded by telehealth, connection considerations in
telehealth, and care quality impacts of telehealth. Participants’
relationship to telehealth was nuanced. Generally, participants
acknowledged the myriad of benefits that telehealth brings, such
as greater psychological and physical comfort for patients,
especially those based in rural areas. However, there was also
a general sense that telehealth should be combined with
in-person care for optimal patient-HCP therapeutic alliance and
better patient outcomes. It should be noted that this study’s data
collection commenced during the pandemic, amid nation-wide
efforts to rapidly scale telehealth models of care across
Australia. Eastman et al [15] sought to understand patients’ and
HCPs’ experiences of telehealth in community palliative care.
Their findings were congruent with ours, suggesting that
telehealth is being increasingly used in palliative care and
generally patients and HCPs are supportive of using this model
of health care, combined with regular in-person touchpoints.

A salient finding from our study was the notion of greater power
symmetry between patients and HCPs in telehealth compared
with in-person consultations. Patients alluded to feeling more
empowered, in control, and psychologically comfortable during
teleconsultations. This translated into them feeling more
confident about “pouring out” information in front of their
HCPs, than they would face-to-face. Furthermore, the safety of
a device’s screen afforded patients the space to take notes during
consultations. Having teleconsultations from the comfort of
their homes where family members could also be present where
needed, meant that patients felt more at ease. In some cases,
family members also served the important function of
remembering what had been discussed during consultations,
which enhanced patients’ quality of care.

Our team conducted additional co-design activities with
consumers which are outside the scope of this article. In those
activities too, participants had reported the importance of taking
notes before, during, and after their telehealth appointments.
Participants described forgetting important details from their
appointments and relying on their family to attend consultations
to remember what had happened during the appointment.

Literature suggests that 40%‐80% of medical information and
recommendations provided by HCPs during clinical
consultations is forgotten by patients almost immediately. The
poor information recall may have downstream impacts for
treatment adherence [24]. Issues of memory recall may be
exacerbated in palliative care patients who experience complex
illness symptomatology. There is some evidence to suggest that
patient-facing clinical consultation recordings can be helpful
for patients in general. A scoping review conducted by
Tsulukidze et al [25] in 2014 suggested that patients place a
high value on audio recordings of clinical consultations and
benefit from subsequently listening to the consultation
recordings.

The participants of our study reported in this paper and
subsequent co-design activities indicated that having a summary
of the consultation at the end of telehealth session would mean
that this information is kept secure and in one place for patients.
Memory and cognitive deficits are often experienced by
palliative care patients. Therefore, a mechanism to record salient
information discussed during consultations would be particularly
useful for this patient population.

The literature on patient-facing consultation summaries
generated during telehealth is currently limited. A
non-systematic literature scan in Google Scholar on this subject
yielded no relevant papers. The closest relevant literature
appears to be about artificial intelligence (AI) enabled digital
scribes or documentation systems, which can help automate
clinical documentation tasks ordinarily conducted by humans
[26-28]. However, the literature on patient-facing clinical
summaries in telehealth (whether generated manually by HCPs
or through AI-enabled algorithms) is not yet developed.

The paucity of literature on this subject combined with the
participants’ unanimous views emergent in our investigations,
emphasized the need for innovating in the area of patient-facing
clinical consultation summaries. Since the conduct of the study
presented in this paper, our team of software developers has
created a telehealth-enhancement add-on feature which seeks
to generate patient-facing summaries of clinical consultations
during video telehealth sessions. The prototype was developed
in an agile manner, involving think-aloud testing activities with
end users. Subsequently, the minimum viable product (MVP)
was subjected to a simulation study to generate early-stage
evidence about end-users’ perceptions of the add-on’s potential
clinical usefulness. The findings of our think-aloud and
simulation studies will be reported in future papers. However,
based on participants’ accounts presented in this paper, we
expect that the provision of a patient-facing document that
summarizes the telehealth consultation and distills key
actionable clinical advice for patient self-management, might
enhance patient experience and self-management.

Limitations
The limitations of this project include the small number of
participants interviewed. The small sample size was partly due
to challenges in recruiting palliative care patients. Patients’
complex symptomatology and in some cases, limited life
expectancy, impacts their ability to participate in research
studies. In addition, as the data collection was conducted during
the pandemic, this posed additional challenges for HCP
recruitment. Nevertheless, our multimodal data collection
approach involving the use of photographs and interviews
combined with dual perspectives of patients and HCPs meant
that we had a rich dataset to generate an in-depth understanding
of users’ experiences of telehealth.

In this instance, we did not collect information about, or pose
eligibility restrictions regarding participants’ ethnic and racial
background, socioeconomic status, and level of experience with
telehealth. This decision was driven by the small number of
palliative care participant population available to participate in
the study. Future telehealth research may include
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contextualisation of emergent findings through the lens of one
or more of these socio-demographic characteristics.

Conclusion
This study explored patients’ and HCPs’ experiences of
telehealth in a palliative care context. A total of 3 themes
emerged: comfort (or lack thereof) afforded by telehealth,
connection considerations in telehealth, and care quality impacts
of telehealth. The findings presented in this article combined
with other co-design activities, which are outside the scope of

this paper, indicated the potential value of a telehealth
enhancement add-on feature that generates patient-facing clinical
consultation summaries. Our team has developed a video
telehealth enhancement feature, which will enable clinicians to
distill key actionable advice and self-management guidance
discussed during teleconsultations in a take-home summary
document for patients. The add-on prototype has been subjected
to a preliminary simulation study which will be reported in a
future publication.
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Abstract

Background: Irritable bowel syndrome (IBS) has a high worldwide prevalence and there are few effective treatment options.
Patient education can influence patient behavior that subsequently may lead to changes in attitudes and skills necessary for
maintenance or improvement in management of symptom severity and quality of life. However, as postdiagnostic patient education
can be resource demanding, assessment of digital approaches and verification of their effectiveness is warranted.

Objective: This cohort study aimed to investigate the effects of a digital web-based multidisciplinary eHealth program on the
domains of symptom severity (Irritable Bowel Syndrome Symptom Severity Scale [IBS-SSS]), quality of life (irritable bowel
syndrome quality of life [IBS-QOL]), anxiety and depression (Hospital Anxiety and Depression Scale), and a measure of general
client satisfaction (client satisfaction questionnaire), compared with an onsite multidisciplinary 2-day group-based education
program (“IBS-school”), in 2 cohorts of 255 patients with IBS.

Methods: Patients diagnosed with IBS, aged 15-70 years, were enrolled after referral to the Section of Gastroenterology at
Haukeland University Hospital, Norway. In total, 132 patients were recruited to the eHealth program and 123 to the IBS-school
group for comparison. Data were self-reported and collected digitally at enrollment and after 3 months, between 2017 and 2019.
Furthermore, 71 attending the eHealth program and 49 attending the IBS-school completed the questionnaires at 3 months.
Intervention response was defined as a reduction of ≥50 points on the IBS-SSS.

Results: Patients attending the eHealth program reported a significant reduction in IBS symptom severity 3 months after treatment
(n=71), compared with patients attending the IBS-school (n=50). Overall, patients categorized as intervention responders in both
programs showed a significant reduction in symptom severity at 3 months. Here, 41% (29/71) of patients attending the eHealth
program reported a mean IBS-SSS reduction of 103 (SD 72.0) points (P<.001). In addition, these patients reported reduced anxiety
(P>.001) and depression (P=.002) and enhanced quality of life (P=.03), especially the degrees of dysphoria, body image, food
avoidance, health worry, interference with activity, relations, and social relations. Patients responding to the IBS-school intervention
(18/50, 36%) reported a mean IBS-SSS reduction of 119 (SD 86.2) points (P<.001), and reduced depression scores (P=.046), but
no difference in overall quality of life. Both groups reported the respective interventions as “good” quality health care programs,
scoring them 23.5 (SD 4)—the eHealth program 23.5 (SD 4), and the IBS-school 24.2 (SD 4)—on the client satisfaction
questionnaire.

Conclusions: We conclude that the digital multidisciplinary eHealth program has a significant effect on IBS symptom severity
in a portion of patients; it is useful as a tool in disease self-management and does not result in worse symptom scores than an
onsite multidisciplinary 2-day group-based education program after 3 months. We believe these results indicate that a digital
eHealth approach is preferable to an onsite multidisciplinary 2-day group-based education program covering the same topics.

(JMIR Hum Factors 2025;12:e43618)   doi:10.2196/43618

KEYWORDS

irritable bowel syndrome; IBS; eHealth; internet-guided; patient education; self-management; self-reported; patient behavior;
quality of life; QOL; anxiety; depression; gastrointestinal; physiotherapist; kinesiology; cognitive behavioural therapy; CBT;
Hospital Anxiety and Depression Scale; HADS; client satisfaction questionnaire; CSQ; Mann-Whitney U test; nonparametric;
Wilcoxon test; neurogastroenterology

JMIR Hum Factors 2025 | vol. 12 | e43618 | p.472https://humanfactors.jmir.org/2025/1/e43618
(page number not for citation purposes)

Berentsen et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.2196/43618
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Irritable bowel syndrome (IBS) is a chronic disorder manifested
by recurrent abdominal pain and alterations in stool form or
frequency [1,2]. The condition affects between 4% and 9.2%
of the global population [3-5] and it is highly heterogenous.
IBS’ unclear etiology involves multifactorial disturbances of
the bidirectional communication between the gut and the brain,
including visceral hypersensitivity, low-grade inflammatory
responses, intestinal motility disturbances, alterations of central
nervous system processing, and alterations in gut microbiota
composition [6]. However, no clear biomarker or therapeutic
target for IBS has been identified. The condition lacks both a
cure and medication that gives sufficient symptom relief, a fact
that highlights the necessity of integrating nonpharmacological
approaches including patient education in patient care [7].
Patients with IBS require personalized treatment for successful
symptom relief. Approaches may include physical therapy,
cognitive behavioral therapy (CBT), hypnotherapy, mindfulness
and exposure therapy, and comprehensive dietary guidance by
registered dietitians such as the low FODMAP (fermentable
oligosaccharides, disaccharides, monosaccharides, and polyols)
diet. However, access to these treatment options is often limited
due to lack of trained professionals, travel distances, and cost.
Thus, more accessible treatment options are warranted.
Web-based interventions, patient education, and
self-management has been demonstrated to be effective in
patients suffering from chronic diseases, including IBS [8-10].
A systematic review from 2017 concluded with mixed results
regarding the effectiveness of web-based mindfulness-based
interventions compared with active control treatment conditions
such as CBT. However, the study showed that treatment
targeting symptoms of IBS had the largest effect size
improvements [11]. A longitudinal qualitative study from 2020
showed that both telephone-based CBT and web-based CBT
for IBS were positively received and had lasting positive impacts
on participants’understanding of IBS symptoms, quality of life,
and IBS-related behaviors [12]. A recent Japanese randomized
controlled trial has shown that a multidisciplinary eHealth
self-management program can reduce the severity of
IBS-symptoms and improved the quality of life [13].

Indeed, limited health care resources, national priority
guidelines, and sparse treatment options may restrict any
long-term follow-up that patients with IBS may request from a
secondary or tertiary care institution. Since 2012, Haukeland
University Hospital has offered patients with IBS an onsite
multidisciplinary 2-day group-based education program, a
so-called “IBS-school.” The multidisciplinary approach is
designed to provide patients with evidence-based information

and practical skills that may lead to improved IBS management,
reduced IBS symptoms, and enhanced quality of life. Based on
our clinical experience with group education, we have developed
a novel internet-guided multidisciplinary self-care management
program for patients with IBS, from now on referred to as the
“eHealth program.” The content in the eHealth program is based
on topics covered in the IBS-school, but the patients also have
access to digital clinical support during the program. Herein,
we hypothesized that the eHealth program would have an
equally good effect on symptom severity, quality of life, and
patient satisfaction, compared with a cohort of patients attending
IBS-school. Data from neither program have been published
before. In this study, we aimed to investigate the effects of a
digital web-based multidisciplinary eHealth program on the
domains of symptom severity (Irritable Bowel Syndrome
Symptom Severity Scale [IBS-SSS]), quality of life (irritable
bowel syndrome quality of life [IBS-QOL]), anxiety and
depression (Hospital Anxiety and Depression Scale [HADS]),
and a measure of general client satisfaction (client satisfaction
questionnaire [CSQ-8]), compared with an onsite
multidisciplinary 2-day group-based education program,
IBS-school, in 2 cohorts of 255 patients with IBS.

Methods

Patient Sample, Randomization, and Treatments
In this study, 255 patients between 15 and 70 years were
recruited after being accepted for patient education at Haukeland
University Hospital in Norway between 2017 and 2019. Random
patients on the waiting list to the onsite multidisciplinary 2-day
group-based education program, IBS-school, were contacted
by phone by a study nurse and offered to attend the novel
multidisciplinary digital 5-module eHealth program, from here
on referred to as the “eHealth program.” Patients attending the
IBS-school were recruited on site when attending the 2-day
group-based education program. Patients received oral and
written information before giving written consent and sent it to
the hospital by post. Furthermore, 123 patients that attended
the IBS-school were used for comparison (N=255, 1:1). Here,
patients were recruited by a study nurse on site. They received
an oral and written information about the study before signing
consent (Figure 1). Inclusion criteria included (1) being referred
to receiving patient education on IBS by a gastroenterologist
or general practitioner after the diagnosis of IBS had been
determined (International Classification of Primary Care,
Second Editon [ICPC-2] code D93; International Statistical
Classification of Diseases, Tenth Revision [ICD-10] code K58),
(2) being between 18 and 70 years, and (3) understanding written
and oral Norwegian. There were no specific exclusion criteria.
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Figure 1. Intervention overview. CSQ-8: client satisfaction questionnaire; FODMAP: fermentable oligosaccharides, disaccharides, monosaccharides,
and polyols; GI: gastrointestinal; HADS: Hospital Anxiety and Depression Scale; IBS: irritable bowel syndrome; IBS-QOL: irritable bowel syndrome
quality of life; IBS-SSS: Irritable Bowel Syndrome Symptom Severity Scale; NICE: National Institute for Health and Care Excellence.

Ethical Considerations
Eligible patients gave informed written consent and participants
were given the option to withdraw from the study at any time
point without a specific reason. The data were deidentified and
stored on a secure hospital server, and analysis was performed
on anonymous data. None of the participants were compensated.
The study was approved by the Regional Ethical Committee of
Western Norway (REC-2016/1098).

Interventions

The Irritable Bowel Syndrome–School
Patients attended an onsite multidisciplinary 2-day group-based
education program, IBS-school, at Haukeland University
Hospital. The number of participants varied between 15 and 40
each month. The program involved lectures and question and
answer sessions by 4 health care professionals. Refer to Figure
1 for the intervention outline. On day 1, a gastroenterologist
talked about the human body and the gastrointestinal system,
what IBS is, what causes it, diagnostics, and treatment options
(3 hours). Second, a physiotherapist was giving a lecture on
body posture and breathing techniques including demonstrations,

introducing pain physiology, and the function of the human
nervous system (3 hours). On day 2, a patient representative
shared her personal experience with IBS (1 hour), and a clinical
dietitian gave a lecture on National Institute for Health and Care
Excellence (NICE) guidelines [14] that summarizes the most
recent recommendations on IBS in adults in primary care, and
the low FODMAP diet [15] (3 hours). Finally, a psychiatrist
gave a lecture on coping with life including health worry, social
relations, tiring thoughts and feelings, adaptations, and
symptoms. A nurse with specialization in gastroenterology
hosted the group education program to create a comfortable
environment for exchange of personal experiences and
participate in group assignments.

The eHealth Program
Patients who were enrolled in the digital eHealth program had
access to a comprehensive, multidisciplinary web-based program
that consisted of 5 modules (refer to Figure 1 for the outline).
The modules consisted of instructive texts, videos, animations,
and images over 150 web-pages on a digital treatment platform
by CheckWare AS [16]. In addition, patients carried out “home
assignments” based on principles of CBT, a protocol by Ljótsson
et al [17] at the Swedish Karolinska Institute, followed by an
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optional low FODMAP diet intervention guided by a clinical
dietitian. The eHealth program allowed a secure login (eg,
bank-ID) and digital communication between patient and a
clinical dietitian throughout the process, at the patient’s own
request and need. The patients were expected to finish the
program over a period of 3‐12 weeks, at his or her own pace,
all dependent on their motivation and work capacity. Module
contents have been described further in this study. Module 1
describes the body and the gastrointestinal system. In this first
module, the patient gets an introduction to what IBS is, how it
is diagnosed, and what causes it. The patient learns about the
function of our digestive system and how it is regulated, and
how it can be disturbed in people with IBS. Module 2 describes
the posture and breathing techniques. This module focuses on
the connection between IBS and musculoskeletal disorders.
Many people with IBS may have a “hyperactive” nervous system
that can cause pain and physical maladjustments. In this module,
a physiotherapist introduces the patient to pain physiology and
how the nervous system works. There is a practical section with
useful exercises for people with IBS. The module will give the
patient an understanding of how long-term pain occurs, why it
often persists, and how to influence it. Module 3 consists of diet
and lifestyle advices. There is no miracle cure for IBS, but many
people experience improvement by following some general
advice. In this module, we look at lifestyle advice that has been
shown by research to improve symptoms in people with IBS.
It is recommended to try this before eliminating other foods or
following strict diets. Module 4 focuses on coping with life. In
this module, the patient learns techniques from cognitive therapy
including “the cognitive diamond,” mindfulness, and practice
systematic exposure exercises has previously shown beneficial
effects for patients with IBS. The protocol has been described
in a study by Ljótsson et al [17]. Module 5 describes the dietary
intervention with a low FODMAP diet. This is a dietary
treatment that provides symptom relief in approximately 70%
of patients with IBS [18]. In this module, the patient will be
introduced to the low FODMAP diet in both theory and practice.
The patient had access to digital guidance by a clinical dietitian
during the entire course of the study.

Questionnaires

Overview
Patients completed questionnaires related to IBS symptom
severity (IBS-SSS) [2], quality of life, (IBS-QOL) [19], and
anxiety and depression (HADS) [20] upon enrollment at baseline
and after 3 months.

The IBS-SSS is considered the gold standard measure of IBS
symptoms and contains 5 questions that measure the frequency
of abdominal pain, the severity of abdominal distention,
dissatisfaction with bowel habits, and interference with quality
of life, scored in the range of 0‐500. A higher score indicating
worse condition, scores <175 represent mild IBS symptoms,
175‐300 represents moderate severity, scores >300 represent
severe IBS [2].

The IBS-QOL is a condition-specific measure for assessing
health-related quality of life in IBS. It consists of 34 items, each
with a 5-point response scale in a range of 0‐100, where the
higher score indicates a better IBS specific quality of life. There

are 8 subscale scores for the IBS-QOL: dysphoria, interference
with activity, body image, health worry, food avoidance, social
reaction, sexual, and relationships [21].

HADS is a scale of 14 items designed to measure anxiety and
depression, 7 items for each subscale (ie, anxiety and
depression). The total score is the sum of the 14 items, and for
each subscale the score is the sum of the respective 7 items that
range from 0 to 21 [20].

CSQ-8 [22] was completed at 3 months. The questionnaire is
an 8-item measure with a total score ranging from 8 to 32, with
the higher number indicating greater satisfaction with treatment.

Primary Outcome Measure and Definition of
Intervention Responders
In the field of IBS research, a change of 50 points in IBS-SSS
score has shown to reliably indicate improvement in IBS
symptom severity [2]. Our primary outcome measure was a
>50-point reduction in IBS-SSS at 3 months, compared with
baseline. Patients reporting a ≥50-point reduction in IBS-SSS
at 3 months were categorized as “responders” to the intervention.
Patients reporting <50-points on IBS-SSS were categorized as
“nonresponders” to the intervention.

Statistical Analysis
Statistical analyses were performed using SPSS Statistics
(version 26, IBM) for Microsoft Windows. Baseline patient
characteristics and questionnaires were first presented according
to intervention—eHealth group and IBS-school. At 3 months
after intervention, patients were categorized as responders or
nonresponders. For comparison between groups, unpaired t test
were performed for parametric data and Mann-Whitney U for
nonparametric data. For comparisons before and after
interventions, paired t tests were performed for parametric data
and Wilcoxon signed rank test for nonparametric data. A P
value <.05 was considered statistically significant. The
intervention responder or nonresponder analysis to the eHealth
program or IBS-school was carried out performing a paired t
test on data from patients who filled out the 3-month

questionnaires (n=71 and n=50, respectively). A χ2 test of
independence was used to assess differences between
intervention response.

Results

Patients and Characteristics
A flowchart of participating patients is illustrated in Figure 2.
Of the 132 eligible patients who gave written consent to
participate in the eHealth program group of the study, 7 did not
fill out the minimum requirement including the electronic case
report form and the IBS-SSS questionnaire. Of the 125 patients
who completed the program, 54 patients did not respond to the
IBS-SSS questionnaire at 3 months. Hence, the follow-up data
from patients attending the eHealth program reduced to n=71
at 3 months. Of the 123 eligible patients who gave written
consent to participate in the IBS-school group of the study, 5
did not fill out the minimum requirement including the electronic
case report form and the IBS-SSS questionnaire. Thus, of the
118 patients who completed the program, 69 patients did not
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respond to the IBS-SSS questionnaire at 3 months. Hence, the
follow-up data from patients attending the eHealth program

reduced to n=49 at 3 months.

Figure 2. Flow chart of participating patients with IBS. Patients reporting a ≥50-point reduction in the IBS-SSS at 3 months were categorized as
“responders to the intervention”. Patients reporting <50-points on the IBS-SSS were categorized as “nonresponders to the intervention”. CRF: case
report form; eCRF: electronic case report form; IBS: irritable bowel syndrome; IBS-SSS: Irritable Bowel Syndrome Symptom Severity Scale.

Participants were predominantly female (190/235, 81%) with
a mean age of 38.3 (SD 12.4) years (Characteristics are
summarized in Table 1). An unpaired t test showed that there
was no difference in age between groups. A Mann-Whitney U
test was performed to evaluate whether sex differed between
groups, reveling no significant difference between patients
attending the eHealth program and patients attending the
IBS-school (Table S1 in Multimedia Appendix 1, U=6407.0,
z=−1.394, P=.16). Furthermore, participants at the IBS-school
and eHealth program displayed similar baseline characteristics
upon enrollment, including moderate to severe IBS symptom
severity.

There was no significant difference between most relevant
features at baseline, except for anxiety and depression, as shown
in Table 1. Here, patients attending the eHealth program scored

an average of 11 (SD 5.2) which corresponds to mild to
moderate anxiety, while patients attending the IBS-school scored
9.4 (SD 5.1), corresponding to a mild level of anxiety (2-tailed
t232=2.37, P=.02). Thus, both patient groups displayed an
anxiety score typical of a clinical case of anxiety (HADS-anxiety
≥8 is considered a clinical case [20]), and patients attending the
eHealth program presented a significantly higher baseline score
than patients attending the IBS-school. Furthermore, patients
attending the eHealth program reported significantly higher
depression scores than patients attending the IBS-school (mean
7, SD 4.1 vs mean 5.9, SD 4, respectively; t232=2.01, P=.045).
However, both groups displayed an average depression score
corresponding to nonclinical severity of depression
(HADS-depression ≤8 is considered noncase [20]) which gives
the difference little relevance on group level.

JMIR Hum Factors 2025 | vol. 12 | e43618 | p.476https://humanfactors.jmir.org/2025/1/e43618
(page number not for citation purposes)

Berentsen et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Table . Baseline patient characteristics and questionnaire data of 242 patients with irritable bowel syndrome (IBS) at enrollment to the eHealth program
or IBS-school interventions. Unpaired t test unless otherwise stated; the reduced number from total number of participants indicate missing data.

SignificanceIBS-schooleHealth program

P valuet test (df)Mean (SD)nMean (SD)n

.95−0.06 (234)38.4 (13.4)11738.3 (12.4)125Participant age

Gender

———18—a27Men

.16b——98—92Women

.201.29 (240)268.5 (87.9)117282.7 (82.5)125IBS symptom severity (IBS-SSSc)

.02e2.37 (232)9.4 (5.1)11211 (5.2)124Anxiety (HADS-Ad)

.045e2.01 (232)5.9 (4)1127 (4.1)124Depression (HADS-Df)

117123IBS-QOL g

.63−0.48 (238)51.8 (21.0)50.4 (21.9)Overall score

.21−1.27 (238)44.6 (22.9)41.0 (21.3)Body image

.33−0.97 (238)50.0 (24.0)47.0 (23.5)Dysphoria

.800.25 (238)28.3 (21.9)29.0 (22.2)Food avoidance

.15−1.46 (238)57.0 (23.0)52.5 (22.9)Health worry

.900.32 (238)44.2 (21.3)45.0 (21.9)Interference with
activity

.79−0.27 (238)57.6 (22.6)56.7 (23.2)Relationships

.35−0.93 (238)54.3 (22.6)51.6 (22.1)Social relations

.96−0.05 (238)57.8 (32.9)57.8 (29.6)Sexual activity

aNot applicable.
bMann-Whitney U test (Mean rank, U, z in Table S1 in Multimedia Appendix 1).
cIBS-SSS: Irritable Bowel Syndrome Symptom Severity Scale.
dHADS-A: Hospital Anxiety and Depression Scale – Anxiety.
eSignificant at the P<.05 level.
fHADS-D: Hospital Anxiety and Depression Scale – Depression.
gIBS-QOL: irritable bowel syndrome quality of life.

Symptom Relief and Enhanced Quality of Life

Overview
A paired t test revealed that patients attending the eHealth
program reported a significant reduction in IBS symptom
severity at 3 months, shown in Figure 3 (mean 279.3, SD 80 vs
mean 242.7, SD 79.3; t70=4.91, P<.001). Comparably, patients
attending the IBS-school did not report a significant reduction
in symptom severity (mean 248.6, SD 86.6 vs mean 235.4, SD
98.9; t49=0.85, P=.40). Refer to Table S2 of Multimedia

Appendix 1 for data. However, none of the groups achieved a
clinically meaningful improvement of ≥50 points on IBS-SSS
at 3 months. Patients in the eHealth program-group reported a
37-point reduction, whereas patients attending IBS-school
reported a 13-point reduction in IBS-SSS total score (Table S2
of Multimedia Appendix 1). Thus, for further analysis we
categorized participants as a “responder” or “non-responder”
to the intervention, where the sample response threshold for
responders was set as ≥50-point decrease in total IBS-SSS score,
a threshold that has been demonstrated to correlate with
improvements in clinical symptoms [2].
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Figure 3. Overall change in IBS-SSS over time. On average, patients who completed the 3-month questionnaires at the IBS-school reported a 13 point
reduction in IBS-SSS (n= 50), whereas eHealth program participants reported a 37-point reduction (n=71). A decrease of 50 points is defined as a
clinical response to the intervention, categorizing the patient as a “responder to the intervention.” The IBS-SSS eHealth program score at baseline was
279 (SD 80) and 243 (SD 79) at 3 months, P<.001; the IBS-SSS IBS-school score at baseline was 248 (SD 87) and 235 (SD 99) at 3 months (P=.40).
Paired t test results are summarized in Table S2 in Multimedia Appendix 1. *P<.001, indicating a significant difference in IBS-SSS scores before and
after eHealth program intervention. Blue dot represents the eHealth program; orange dot represents the IBS-school. Paired t test was performed. Error
bars present SD. Lower n indicate missing data. The reduced number from the total number of participants indicate missing data. IBS: irritable bowel
syndrome. IBS-SSS: Irritable Bowel Syndrome Symptom Severity Scale.

Responders
Of the 71 patients, 29 (41%) attending the eHealth program
responded to the intervention with a reduction in IBS-SSS score
of ≥50 points, compared with 36% (18/50) who attended the
IBS-school after 3 months (Figure 3). The results in this section
are summarized in Tables 2 and 3. Patients categorized as
responders to the eHealth program reported a significant mean
reduction in IBS-SSS score of 103 (SD 72.0) points with a
moderate effect size of 0.56 (t28=7.62, Cohen d=1.33, P<.001).
In addition, eHealth program–responding patients reported a
significant reduction in anxiety, changing from a clinical case
to a noncase classification (mean −4.7, SD 6.2; t28=6.89, Cohen
d=0.85, P<.001). Here, the effect size of 0.39 indicated a
moderate effect. On average, these patients also reported an
increase in overall quality of life, summarized in Tables 2 and

3 (mean 5.80, SD 19.1; t28=−2.28, Cohen d=−0.30, P=.03).
Here, features such as dysphoria (mean 18, SD 23.3; t28=−2.1,
Cohen d=−0.85, P<.001) and body image (mean 14.8, SD 18.6;
t28=−3.9, Cohen d=−0.72, P<.001) increased significantly with
a moderate effect size. Features such as food avoidance (mean
6.3, SD 22.5; t28=−2.10, Cohen d=−0.13, P=.045), health worry
(mean 10.8, SD 23.5; t28=−3.44, Cohen d=−0.43, P=.002),
interference with activity (mean 13.4, SD 18.8; t28=−4.03, Cohen
d=−0.63, P<.001), relations (mean 9.5, SD 22.9; t28=−2.72,
Cohen d=−0.37, P=.01), and social relations (mean 10.7, SD
19.4; t28=−3.62, Cohen d=−0.56, P=.001), all improved
significantly, compared with baseline. The changes in sexual
activity were not significantly different after 3 months (mean
5.4, SD 29.8; t28=−1.52, Cohen d=−0.19, P=.14).
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Table . Changes in symptom severity, anxiety and depression, and quality of life 3 months after the eHealth program in patients with irritable bowel
syndrome (IBS) who attended the eHealth program. Lower n indicate missing data; the reduced number from the total number of participants indicate
missing data.

NonresponderResponder

P valueEffect
size r

Cohen dt test
(df)

mean
(SD)

nP valueEffect
size r

Cohen dt test
(df)

mean
(SD)

n

.09−0.06−0.13−1.73
(41)

9.2
(70.4)

42<.001b0.561.337.62
(28)

−102.8
(72.0)

29IBS symptom
severity

(IBS-SSSa)

.001b0.250.523.65
(38)

−2.4
(4.8)

39<.001b0.390.856.80
(28)

−4.7
(6.2)

29Anxiety (HADS-

Ac)

.670.170.341.89
(38)

−1.3
(3.8)

39<.001b0.360.763.47
(28)

−3.0
(4.6)

29Depression

(HADS-Dd)

.44−0.05−0.10−0.79
(36)

2.5
(24.8)

37.03b−0.15−0.30−2.28
(28)

5.80
(19.1)

29IBS-QOL e ,
overall score

.15−0.08−0.16−1.24
(36)

3.8
(25.4)

.001b−0.34−0.72−3.90
(28)

14.8
(18.6)

Body
image

.24−0.05−0.11−1.20
(36)

2.8
(24.3)

<.001b−0.39−0.85−2.10
(28)

18.0
(23.3)

Dyspho-
ria

.06−0.11−0.22−1.94
(36)

4.8
(21.7)

.045b−0.13−0.26−2.10
(28)

6.3
(22.5)

Food
avoid-
ance

.55−0.04−0.08−0.60
(36)

1.8
(23.5)

.002b−0.21−0.43−3.44
(28)

10.8
(23.5)

Health
worry

.28−0.05−0.11−1.11
(36)

2.5
(23.65)

<.001b−0.30−0.63−4.03
(28)

13.4
(18.8)

Interfer-
ence
with ac-
tivity

.08−0.10−0.20−1.81
(36)

4.6 (21).01b−0.18−0.37−2.72
(28)

9.5
(22.9)

Relation-
ships

.60−0.23−0.46−0.53
(36)

10.7
(24.6)

.001b−0.27−0.56−3.62
(28)

10.7
(19.4)

Social
relations

.58−0.09−0.19−0.56
(36)

5.4
(30.13)

0.14−0.10−0.19−1.52
(28)

5.4
(29.8)

Sexual
activity

aIBS-SSS: Irritable Bowel Syndrome Symptom Severity Scale.
bSignificant at the P<.05 level.
cHADS-A: Hospital Anxiety and Depression Scale – Anxiety.
dHADS-D: Hospital Anxiety and Depression Scale – Depression.
eIBS-QOL: irritable bowel syndrome quality of life.
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Table . Changes in symptom severity, anxiety and depression, and quality of life in patients with irritable bowel syndrome (IBS) 3 months after the
IBS-school. Lower n indicate missing data; the reduced number from the total number of participants indicate missing data.

NonresponderResponder

P valueEffect
size r

Cohen dt test
(df)

mean
(SD)

nP valueEffect
size r

Cohen dt test
(df)

mean
(SD)

n

<.001b−0.27−0.57−4.08
(31)

46.5
(77.8)

32<.001b0.561.335.45
(17)

−119.3
(86.2)

18IBS symptom
severity

(IBS-SSS)a

.050.190.382.02
(28)

−1.9
(5.3)

29.070.210.431.97
(15)

−2.5
(6.8)

16Anxiety (HADS-

Ac)

.580.060.120.56
(28)

−0.5
(3.9)

29.046b0.270.552.17
(15)

−2.3
(4.4)

16Depression

(HADS-Dd)

.004b0.255.523.16
(23)

−11.4
(23.8)

24.64−0.04−0.08−0.49
(7)

2.4
(27.9)

8IBS-QOL e ,
overall score

.180.090.181.38
(23)

−4.0
(22.4)

.59−0.02−0.05−0.57
(7)

1.68
(26.5)

Body
image

.280.080.151.11
(23)

−3.3
(21.7)

<.001b−0.30−0.62−6.76
(7)

17
(27.2)

Dyspho-
ria

.85−0.02−0.03−0.13
(23)

0.8
(21.6)

.56−0.09−0.17−0.62
(7)

5.3 (28)Food
avoid-
ance

.2000−0.01
(23)

0 (22.4).03b−0.32−0.67−2.76
(7)

13.7
(15.3)

Health
worry

.850.010.020.19
(23)

−0.5
(19.1)

.02b−0.15−0.30−3.14
(7)

9.3
(28.1)

Interfer-
ence
with ac-
tivity

.046b−0.39−0.86−2.11
(23)

18.7
(17)

.01b−0.40−0.87−3.50
(7)

21.2
(22.6)

Relation-
ships

.080.130.261.84
(23)

6.4
(24.2)

.26−0.13−0.27−1.23
(7)

7.8
(21.4)

Social
relations

.430.040.080.81
(23)

2.8
(31.6)

.33−0.10−0.191.05 (7)5.4
(29.8)

Sexual
activity

aIBS-SSS: Irritable Bowel Syndrome Symptom Severity Scale.
bSignificant at the P<.05 level.
cHADS-A: Hospital Anxiety and Depression Scale – Anxiety.
dHADS-D: Hospital Anxiety and Depression Scale – Depression.
eIBS-QOL: irritable bowel syndrome quality of life.

Patients who responded to the IBS-school intervention reported
an average reduction in IBS symptom severity score of 119 (SD
86.2) points (n=18; t17=5.54), Cohen d=1.33, P<.001). In
addition, patients reported a reduction in depression scores
(mean −2.3, SD 4.4; t15=2.17, Cohen d, P=.046). However,
these patients did not report significant improvements in anxiety
or overall quality of life (mean 2.5, SD 6.8; t15=1.97, Cohen
d=0.43, P=.07 and mean 2.4, SD 27.9; t7=−0.57, Cohen d=−0.08,
P=.64, respectively). Furthermore, the number of responding
patients were too low for further in-depth statistical analysis of
quality of life (n=8). Data for these analyses are presented in
Table S3 of Multimedia Appendix 1.

Nonresponders
Patients who were nonresponders to the eHealth program
reported no improvement in symptom severity or quality of life
(mean 9.2, SD 70.4; t41=−1.73, Cohen d=−0.13, P=.09) and a
significant decrease in anxiety scores (mean −2.4, SD 4.8,
t38=3.65, Cohen d=0.52, P=.001), compared with baseline.
However, both changes were of small effect (r=−0.27 and 0.25,
respectively). Results are summarized in Tables 2 and 3. There
were no significant changes in depression scores or overall
quality of life or the respective sub-categories (P>.05).
Nonresponding patients attending IBS-school reported
significantly enhanced symptom scores (mean 46.5, SD 77.8;
t31=−4.08, Cohen d=−0.57, P<.001). However, it is worth noting
that these enhanced symptoms scores were not above the
50-point threshold for clinical relevance. Furthermore, these

JMIR Hum Factors 2025 | vol. 12 | e43618 | p.480https://humanfactors.jmir.org/2025/1/e43618
(page number not for citation purposes)

Berentsen et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


patients reported a significantly reduced overall quality of life
(mean −11.4, SD 23.8; t23=3.16, Cohen d=5.52, P=.004) and a
significant increase in the domain of relationships (mean 18.7,
SD 17; t23=−2.11, Cohen d=−0.86, P=.046). Baseline
characteristics for these analyses are presented in Table S3 of
Multimedia Appendix 1.

Association Between Type of Intervention and Outcome

A χ2 test of independence analysis was used to test whether the
type of intervention was independent from the intervention
outcome. Results showed that the proportion of patients who
responded to the intervention in both groups (29/71 vs 18/50)
were the same. Hence, there was no significant association
between the type of intervention and response to the intervention

(Pearson χ2
1=0.2, Φ=0.041, P=.65). Thus, we conclude that

there is no difference in treatment response between the eHealth
program and IBS-school in affecting symptom severity scores.
Data from this analysis is reported in Table S4 of Multimedia
Appendix 1.

Patient Satisfaction
Patient satisfaction was investigated in both groups 3 months
after enrollment (CSQ-8). Patients who attended the IBS-school
reported a mean score of 24.2 (SD 3.7), compared with patients
attending the eHealth program with a mean score of 23.5 (SD
4.0), which are both equivalent to “good” health care offers
[22]. An unpaired t test revealed no significant difference
between group scores (t115=−1.032, P=.31; Table 4).

Table . Difference in client satisfaction scores (CSQ-8) between patients attending the eHealth program and irritable bowel syndrome (IBS)–school.

A χ2 test of independence was conducted. The reduced number from the total number of participants indicate missing data.

P valueEffect size rCohen dt test (df)mean (SD)n

.31−0.01−0.193−1.032 (115)Overall

23.46 (4.0)68eHealth program

24.20 (3.67)49IBS-school

Discussion

Principal Findings
In this study, we have shown that the novel digital
multidisciplinary eHealth program has a significant reducing
effect on IBS symptom severity and is useful as a tool in disease
self-management. In total, 41% (29/71) of participants reported
significant and clinically relevant symptom relief. Furthermore,
we show that the eHealth program is safe, as patients not
responding to the intervention reported unchanged symptoms
and quality of life at 3 months. In addition, eHealth
intervention–responding patients reported significant benefits
on multiple domains of IBS-related quality of life such as body
image, food avoidance, health worry, interference with activity,
relations, and social relations. Levels of anxiety were
significantly reduced, and levels of dysphoria were improved.

Comparably, 36% (18/50) of participants reported a clinically
significant effect to the onsite multidisciplinary 2-day
group-based education program, the so-called “IBS-school.”
Thus, our results indicate that the digital multidisciplinary
eHealth program may be equally effective to the IBS-school,
which is often a standard treatment offer to newly diagnosed
patients. Furthermore, patients responding to the IBS-school
intervention did not report any significant improvements in
quality of life or in anxiety, but a small not clinically meaningful
decrease in depression scores. The number of IBS-school
responders were too low for more in-depth statistical analysis
on the domains of quality of life.

A χ2 test of independence showed no difference between
intervention outcome in the 2 groups; hence the eHealth program
did not have a better intervention response than the IBS-school
on the measures of symptom severity. However, the eHealth
program had a significant effect on other aspects of IBS

symptomatology, including anxiety and quality of life, whereas
IBS-school did not.

Patients rated both the eHealth program and the IBS-school as
good health care offers on measures of patient satisfaction of
health care quality, scoring them 23.5 and 24.2 out of a
maximum of 32 points, respectively.

We believe these results indicate that a digital eHealth approach,
designed to provide patients with evidence-based information
and practical skills, is preferable to an onsite multidisciplinary
2-day group-based education program covering the same topics.

Comparison With Previous Work
Initially at baseline in both groups, the greatest impairment in
quality of life was observed for the subscale of food avoidance
followed by body image, inactivity, and dysphoria. This order
of impairment is similar to findings by Drossmann et al [21] in
an international study from 2009 (n=1966). However, our
findings show lower scores on all subscales except dysphoria
and health worries, which are in the same magnitude. In
comparison with a newer study on quality of life by Kopczyńska
et al [23] (n=87), our baseline results show much lower scores
on both overall and all subscales of quality of life. A recent
Vietnamese study showed that patient education, lifestyle, and
dietary intervention, administered by clinical pharmacists,
improved IBS related quality of life compared with standard
medical therapy over 8 weeks [10]. These study patients also
showed a much higher baseline and postintervention quality of
life-scores compared with our study. We speculate that our study
participants represent a group with more severe IBS because
they are referred to a tertiary health care institution that due to
capacity issues has to prioritize those patients who need it the
most. However, the low baseline scores on food avoidance in
our study indicate that both our interventions with a key focus
on diet was the right call. This core problem was targeted
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because food is a known important trigger of IBS-symptoms
[24]. On the domain of food avoidance, we observed an
improvement in eHealth program-responders, compared with
baseline (Tables 2 and 3). No such improvement was observed
in patients attending the IBS-school. We speculate that this is
due to the differences in comprehensiveness and durability. The
eHealth program is designed to engage the patient interactively
to learn how to make appropriate changes in diet. It offers a
thorough guidance with videos and instructions on how to follow
the low FODMAP diet, including the exclusion and
reintroduction of foods. In addition, the patient has the option
of digital question and answer sessions with a clinical dietitian
throughout the program. The IBS-school is also designed for
patients to learn how to self-help, but the program is much
shorter with its 2 days of physical attendance. In the light of
these results, we deduce that the eHealth program is not inferior
to the established IBS-school as a health care offer. In fact, we
show that an eHealth intervention program can provide the
patient with self-help tools that can lead to reduced
gastrointestinal symptoms and enhance quality of life for
patients with IBS. This aligns with a recent randomized
controlled study by Tayama et al [13] (n=40) showing that a
multidisciplinary eHealth self-management program leads to
an increased intake of FODMAP-groups and subsequently a
more extensive diet. Severe food avoidance and dietary
restriction is previously reported in 13% (829/955) of
IBS-patients and this subgroup of IBS-patients reported more
severe IBS-symptoms, reduced quality of life, and reduced
intake of nutrients [24]. Thus, providing patients with
evidence-based information, practical tools, and support by a
clinical dietitian is important in clinical care of patients with
IBS.

eHealth programs in the form of apps, internet-guided programs,
or telehealth has recently accelerated as useful tools in clinical
medicine. In an American study on satisfaction during
COVID-19, most patients with IBS reported high satisfaction
rates and ease of use with telehealth [25]. Here the authors
reported on multiple benefits including the patient having to
take less time off from work and improved access to the care
team. Their most commonly reported challenges with telehealth
included feeling impersonal and being unable to address all of
their issues or concerns. A majority felt that telehealth was as
good as or better than face-to-face visits and would use
telehealth for future care. Only approximately 10% (130/1311)
of the patients remained dissatisfied. In 2020, a Polish study
showed that an educational program combined with elements
of behavioral therapy, individualized for patients with IBS, is
an important part of therapy [26]. In addition, as a part of a
dietetic-led gastroenterology service in primary care, feasibility,
acceptability, and cost-efficiency of using webinars to deliver
first-line patient education for patients with IBS, has been shown
to be successful [27]. A meta-analysis of chronic gastrointestinal
illness interventions (19 studies conducted in 8 countries,
n=3193) showed that eHealth gastrointestinal interventions
improved patients’ quality of life, psychological distress,
medication adherence, and illness-related knowledge [28]. The
meta-analysis also showed that eHealth gastrointestinal
interventions significantly reduced the number of patient visits
to the hospital. Taken together with our results, these findings

support eHealth interventions holding decent promise in
improving outcomes for patients with IBS.

Comparably on patient satisfaction, a randomized controlled
trial by Lackner et al [29] showed that patients who received 4
gastroenterologist-led patient education sessions over 2 weeks
reported 26.6 in patient satisfaction. Here, 43.5% (63/145) of
patients reported improvement in addition to a higher
satisfaction score than in our study. However, both these and
our results reflect that subjective symptom relief may not be
required for the patient to experience the treatment as useful.
This is also highlighted by our patients attending the IBS-school
who did not experience significant enhancement in quality of
life nor reduction in symptom severity, but still reported a higher
satisfaction than patients who objectively benefited more from
the eHealth program.

Limitations
All 255 recruited patients completed the programs. However,
there was a very high percentage that did not submit the 3-month
questionnaires. In total, 41% (54/132) percent of patients
attending the eHealth program, and 54% (67/123) of the patients
who attended the IBS-school did not submit the 3-month
follow-up questionnaires on IBS symptoms severity (Figure 1).
Unfortunately, this occurred despite multiple efforts and
reminders (phone calls, emails, and SMS text messages) from
the research team encouraging the participants to respond. First,
this high percentage of missing data are significant and may
have affected the results of the study even though the rates
appear similar across the groups. However, high dropout rates
are a common issue in eHealth studies and known as “the law
of attrition” [30]. This warrants the need for a larger study where
an intention-to-treat analysis can be carried out without
diminishing the power of the study. Second, eHealth literacy is
defined by Norman and Skinner [31] as “the ability to seek,
find, understand, and appraise health information from electronic
sources and apply the knowledge gained to addressing or solving
a health problem”. The individual patient’s level of health
literacy was not mapped during the study and variations in these
abilities may have affected our results. Third, the patient
population represents all subtypes of IBS and there are no
analyses focusing on the differences in response between
patients with predominant diarrhea, constipation, or a mix of
the 2. Comorbidities or other additional diagnoses are common
in IBS [32] but have not been excluded in this study and may
have affected the results. Fourth, the use of drugs during the
study period have not been reported. Hence, many drugs have
side effects such as nausea, vomiting, diarrhea, constipation,
flatulence, which are symptoms that the patient may confused
with IBS symptoms. Fifth, a high placebo effect, which can be
up to 40%, is a known challenge in clinical studies on IBS [20].
Although this study has not been designed with a control group,
the placebo effect may have affected our results in either group
and have not been adjusted for. However, we may speculate
that the phenomenon has affected patients in both groups equally
and importantly, the placebo effect may recede after 12 weeks,
which was our end point [33]. Sixth, as both programs are broad
and cover a variety of information, advice, and treatment
including the low FODMAP diet and principles of CBT, another
limitation of this study is the unknown specifics patients were
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responding to in either program. Indeed, there are no measures
on cognition verifying the direct effects of the principles of
CBT or exposure therapy. This needs to be further investigated
in a prospective study, and we acknowledge that an in-depth
explanation for our observed benefits after attending the eHealth
program remain to be clarified. Thus, these aspects are
objectives in our currently ongoing randomized controlled trial
[34]. In the light of limited primary and secondary health care
resources, it will be useful to develop prediction tools to identify
which patients may achieve improvement in both symptom
severity and domains of quality of life. For these stratification
analyses to be clinically meaningful, the number of participants
need to be higher than reported in this study and performed in
and randomized controlled trial.

Conclusions
We conclude that the digital multidisciplinary eHealth program
has a significant effect on IBS symptom severity in a portion
of patients, and is useful as a tool in disease self-management.
In addition, it does not result in worse symptom scores than an
onsite multidisciplinary 2-day group-based education program
after 3 months. We believe these results indicate that a digital
eHealth approach, that include benefits such as 3 months
unlimited access to quality assured information and treatment
with documented effect, is preferable to an onsite
multidisciplinary 2-day group-based education program covering
the same topics.
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Abstract

Background: Bangladesh and West Bengal, India, are 2 densely populated South Asian neighboring regions with many
socioeconomic and cultural similarities. In dealing with breast cancer (BC)–related issues, statistics show that people from these
regions are having similar problems and fates. According to the Global Cancer Statistics 2020 and 2012 reports, for BC (particularly
female BC), the age-standardized incidence rate is approximately 22 to 25 per 100,000 people, and the age-standardized mortality
rate is approximately 11 to 13 per 100,000 for these areas. In Bangladesh, approximately 90% of patients are at stages III or IV,
compared with 60% in India. For the broader South Asian population, this figure is 16%, while it is 11% in the United States and
the United Kingdom. These statistics highlight the need for an urgent investigation into the reasons behind these regions’ late
diagnoses and treatment.

Objective: Early detection is essential for managing BC and reducing its impact on individuals. However, raising awareness
in diverse societies is challenging due to differing cultural norms and socioeconomic conditions. We aimed to interview residents
to identify barriers to BC awareness in specific regions.

Methods: We conducted semistructured interviews with 17 participants from West Bengal and Bangladesh through Zoom
(Zoom Video Communications). These were later transcribed and translated into English for qualitative data analysis. All our
participants were older than 18 years, primarily identified as female, and most were married.

Results: We have identified 20 significant barriers to effective BC care across 5 levels—individual, family, local society, health
care system, and country or region. Key obstacles include neglect of early symptoms, reluctance to communicate, societal stigma,
financial fears, uncertainty about treatment costs, inadequate mental health support, and lack of comprehensive health insurance.
To address these issues, we recommend context-specific solutions such as integrating BC education into middle and high-school
curricula, providing updates through media channels like talk shows and podcasts, promoting family health budgeting, enhancing
communication at cultural events and religious gatherings, offering installment payment plans from health care providers,
encouraging regular self-examination, and organizing statewide awareness campaigns. In addition, social media can be a powerful
tool for raising mass awareness while respecting cultural and socioeconomic norms.

Conclusions: Fighting BC or any fatal disease is challenging and requires support from various dimensions. However, studies
show that raising mass awareness is crucial for the early detection of BC. By adopting a sensitive and well-informed approach,
we aim to improve the early detection of BC and help reduce its impact on South Asian communities.

(JMIR Hum Factors 2025;12:e53969)   doi:10.2196/53969

KEYWORDS

Bangladesh; West Bengal; India; Asia; breast cancer; awareness; early detection; screening; sociocultural barriers; health
knowledge; cultural; stigma; social media; socioeconomic
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Introduction

According to the GLOBOCAN (Global Cancer Observatory)
2020 report on the estimates of cancer incidence and mortality
among the people of 185 countries (produced by the
International Agency for Research on Cancer), female breast
cancer (BC) has been identified as the most commonly
diagnosed cancer (11.7%) and is the fifth leading cause of cancer
mortality worldwide [1]. The same report suggests that among
women, BC accounts for 1 in 4 cancer cases and for 1 in 6
cancer deaths, ranking first for incidence in most of the countries
(159 of 185 countries). Through numerous studies, researchers
found that early detection can significantly reduce fatal
outcomes, and awareness is one of the keys to early detection
[2]. Spreading awareness is a challenge for different societies
for various reasons, and researchers have been working on
identifying those for a long time. In this work, we assess the
barriers to mass awareness (and thus far early detection) of BC
among people in 2 very densely populated but culturally similar
and geographically neighboring areas—Bangladesh and West
Bengal, India.

Bangladesh (area: 57,321 square miles) and West Bengal, India
(area: 34,267 square miles) are 2 territories in South Asia.
Bangladesh’s official language is Bengali, and the mass people
primarily use the Bengali language for daily conversation. In
total, 8% (91,276,115/1,210,569,573) of the Indian population
speaks Bengali and mainly resides east of the country, with a
concentration in West Bengal [3]. The population density of
Bangladesh is 1328.68 people per sq km (collected from the
web), and in West Bengal, India is 1028 people per sq km
(according to their 2021 census). The deep sociocultural linkages
between the Bengali linguistic community in eastern India and

Bangladesh remain stable even after India’s partition and
independence in 1947. The unemployment rate in Bangladesh
is 5.23%, and in West Bengal, it is 5.2% (as of June 2022). A
total of 70.54% (64,385,546/91,276,115) of people from West
Bengal follow Hinduism, and 27.01% (24,654,825/91,276,115)
follow Islam. In Bangladesh, 91.04% (150,360,405/169,828,921)
are Muslims, and 7.95% (13,130,109/169,828,921) are Hindus.
The life expectancy in West Bengal, India, is 71.2 years [4],
and in Bangladesh, it is 73.57 years [5]. The approximate sex
ratio (as of 2022) in Bangladesh is 102.12 males per 100
females, whereas in West Bengal, it is 105 males for every 100
females. The average literacy in Bangladesh is 74.91% [6], and
in West Bengal is 76.26% [6]. The commonality in the history
and sociocultural environment of eastern India and Bangladesh
has created a pseudo-homogeneous society where language is
one of the fundamental elements in this connectivity. Hence,
our work focuses on understanding attitudes, perceptions, and
behaviors around BC-related issues in these 2 densely populated
areas.

Unfortunately, there are no available sources of comprehensive
epidemiological, pathological, and outcomes data for patients
with BC [7,8] for the chosen regions; so, we are using the closest
information from the GLOBOCAN 2020 report [1] to estimate
the incidence and mortality rate of BC in this part of the world
(Table 1). The factors contributing to the rising incidence and
mortality of BC in low-income countries such as Bangladesh
and West Bengal, India, are multifaceted. It is important to
acknowledge that the solutions required for addressing these
challenges differ significantly from those implemented in
high-income countries [9]. Therefore, adopting models or
policies directly from high- or middle-income countries, which
have demonstrated success in tackling BC, may not be
applicable in this context.

Table 1. Age-standardized incidence rate and age-standardized mortality rate of breast cancer in India and Bangladesh (GLOBOCAN 2020 report)
and some relevant sources like the World Health Organization.

Age-standardized mortality rate in
100,000

Age-standardized incidence rate in
100,000

Scope

13.6 [1]47.8 [1]World

13.1 [1]26.2 [1]South Central Asia (Bangladesh and India are geographically part of the
area)

13.62 [10]25.2 [8]West Bengal, India

10.69 [11]21.4 [8]Bangladesh

Despite being classified as least developed countries,
Bangladesh and West Bengal, India, are home to several highly
equipped and specialized cancer hospitals, some for BC only;
for example, the National Institute of Cancer Research and
Hospital (Dhaka, Bangladesh) or Tata Medical Center (Kolkata,
West Bengal, India). These institutions, staffed with highly
skilled and experienced surgeons, oncologists, and
gynecologists, offer mammograms, CT (computed tomography)
scans, and other modern screening and medical facilities.
However, advanced medical facilities are scarce in rural and
suburban areas, and the capacity of existing institutions often
falls short of meeting the demand. In addition, there are also
significant uncertainties regarding the overall cost of treatment,

the duration of care, mental health support, and gaps in
preventative measures. Given this context, our goal is to identify
key gaps in existing approaches to raising awareness about BC
and addressing the barriers that prevent people from seeking
preventative care and timely treatment. By targeting these blind
spots, we aim to make meaningful changes that promote early
detection and improve access to necessary medical services.

In this work, to understand the barriers to BC awareness, we
conducted an open-ended interview with the residents from both
regions about BC awareness (to assess their current state of
knowledge, attitude and readiness, awareness, and so on) After
carefully analyzing our interview data, we highlighted some
common obstacles in both regions or societies, by grouping

JMIR Hum Factors 2025 | vol. 12 | e53969 | p.487https://humanfactors.jmir.org/2025/1/e53969
(page number not for citation purposes)

Hamid & RoyJMIR HUMAN FACTORS

XSL•FO
RenderX

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


them into different societal levels such as individual, family,
local society, health care system, and state or country. In the
upcoming sections, we discuss the study design (Methods), the
highlighted barriers with some root causes, and suggested
solutions (Results); then, we suggest how technology and social
media can play a crucial role in resolving some of those
effectively (Discussion).

Methods

Study Design
The main objective was to evaluate the general knowledge and
awareness of the participants regarding BC, identify
sociocultural factors that could hinder mass awareness
campaigns, and examine health care disparities and systemic
issues. We conducted individual interviews with the participants
using a semi structured questionnaire that included a variety of
specific questions as well as 1 open-ended question (Table 2).
The participants’ responses included personal experiences and
anecdotal stories.

Table 2. Our questionnaire.

QuestionsCategory

Awareness • People of which age range do you think are at high risk of getting breast cancer?
• What are the most common symptoms of Breast Cancer?
• What are the common misconceptions about Breast Cancer?
• Are there any media-related programs that have provided information regarding Breast Cancer or Breast

Cancer diagnosis or progression of the disease? Example: Television talk shows, YouTube, WhatsApp,
Facebook groups, or movie or television shows

• Are you aware that breast cancer can affect anybody regardless of their sex and gender classification? If
not, what gender and sex demographic do you think have the possibility of getting Breast Cancer?

Self-diagnosis • Do you know and voluntarily do the Breast test yourself at home?

Post-diagnosis support • What were the support mechanisms (nonpharma) provided to you? For example, mental health or NGO
support, nutrition, or self-care.

• Was the financial impact of the proposed treatment plan discussed with the doctor?

Open-ended • Is there anything you would like to share about your journey or experience with Breast Cancer?

aNGO: nongovernmental organization.

Participant Selection and Recruitment
We recruited participants through snowball sampling [12], using
mutual connections and social media platforms such as
Facebook (Meta). Semistructured interviews were conducted
with 17 participants from West Bengal and Bangladesh. All our
participants were above the age of 18 years, and recruitment
was focused on participants who resided (at the time of study)

in the 2 regions mentioned above. Our participants primarily
identified as female, with an average age of 25-35 years, and
most were married (Figure 1). The participants selected the
language during the interview; most spoke Bengali. The
researchers conducted the study through Zoom (Zoom Video
Communications), and the audio recordings were transcribed
and translated into English for data analysis.
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Figure 1. Distribution of participants.

Demographics
We aimed to recruit a representative sample of participants from
diverse educational and financial backgrounds from the region,
as socioeconomic status and education play a huge role in the
participants’ access to health care in the region. Also, a cultural
stereotype related to educational qualifications is widely
propagated, relating educational accomplishments to
open-mindedness, access to health care, and overall “success”
in life [13]. Our participants self-declared their financial status
as middle- and high-economic classes and were all in professions
such as business, architecture, social development work, or
education. Most of our participants had completed their
undergraduate degrees (n=13), few had graduate degrees (n=3),
and some were currently working toward a professional degree
(n=1). The socioeconomic status of our participants is important
in the larger context of interpreting the results and will be
discussed further in the upcoming section.

Data Collection and Analysis
We transcribed the interview audio recordings, which were
between 15 and 45 minutes long, and translated into English.
Our qualitative data analysis follows a tiered approach and an

inductive methodology [14,15] to generate themes. In tier 1,
the initial coder examined the transcript identifying recurring
themes, clustering them based on similarity, and using the
descriptive coding methodology to label them. This clustering
formed the foundation for subsequent analysis. Moving to tier
2, a second coder independently reviewed the clustered themes
and descriptive terms associated with them, providing validation
by either corroborating existing clusters or proposing new ones
as necessary. Finally, tier 3 involved collaborative discussions
between both coders to assess the relevance and significance
of the clustered themes and descriptive terms associated with
them. Through iterative deliberations and consensus-building,
the final classification of themes was determined (Figure 2). As
our interviews were semistructured (where the participants had
the freedom to take the narrative and provide more information
beyond a fixed set of questions), this method of generating
themes bottom up and assigning descriptive terms to it allowed
us the flexibility to show nuance and highlight subthemes. Both
coders were familiar with the language spoken by the
participants (Bengali) to parse through the linguistic, cultural,
and social significance of the data generated during the interview
sessions.
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Figure 2. Outcome of our qualitative data analysis: major barriers to breast cancer awareness in the region.

The hierarchical representation of our themes and subsequent
categories (Figure 2) is inspired by the presentation of the barrier
tree [16] developed for a mobile-based BC monitoring study
for the people in rural Bangladesh around 2012. Notably, several
factors (such as feeling shy, fear, lack of familiarity,
undermining women problems, religious belief, shared beliefs
and practices, communication problems, scarcity of doctors,
inconsistent patient data, long-term monitoring, and poverty)
identified then are still highly relevant and came up during our
analysis. The distinctions between both works are listed below.

First, most of our participants are city dwellers, but they shared
stories and experiences from different parts (city, suburb, or
rural) of the country or state during their interviews. Haque et
al [16] studied in rural setups about 1.2 decades ago.

Second, we present the barriers by clustering them into 5
socioeconomic themes (individual, family, local society, health
care system, and country or state). Haque et al [16] presented
their findings into categories like identification and disclosure,
achieving treatment, continuation of treatment, environmental
issues, and user issues.

Third, while many research articles in the domain of BC
primarily adopt a medical science perspective, such as the study
by Haque et al [16], where the team visited a clinic or hospital
to gather data and generate a barrier tree, our approach diverges
by examining BC through a societal framework. By doing so,
we aim to offer a comprehensive analysis that encompasses
both the medical and societal impacts of BC. This approach
allows us to explore the same problem from different lenses,
shedding light on the multifaceted challenges and implications
of BC beyond the purely medical aspect.

Finally, as a novel addition to the field, we delve into the mental
health relevancy of patients with cancer and their caregivers, a
crucial aspect that was not addressed in the other work.

We discuss the outcome of the qualitative analysis in the next
section.

Ethical Considerations
The institutional review board of New College of Florida
approved the study (Protocol #22-037), and we strictly followed
all protocols to ensure data privacy and integrity, demonstrating
our commitment to ethical standards. For the study, participation
was voluntary; participants did not have to participate and could
stop at any time. There were no penalties or loss of benefits or
opportunities if the participant did not participate or decided to
stop once started. Their decision to participate or not to
participate did not affect their job status, employment record,
employee evaluations, or advancement opportunities. The
participants did not receive any benefit from the research team.
There was no cost to participate. This research was considered
minimal risk. Minimal risk means that the study risks are the
same as those in daily life. 

Results

The results of the data analysis are discussed in 2 phases; first,
barrier identification and second, awareness raising.

Barrier Identification
The majority of our participants were aware of BC’s symptoms,
possible treatment mechanisms, costs, survival rate, and so on.
During the interviews, they were able to list most of the
significant symptoms of BC, like deformed breasts or nipples,
lumps in the breast and armpit, discharge of pus or liquids,
irritation, flaky breast skin, irregular breast pains, overall fatigue
and weight loss, and so on. All but 3 participants knew of at
least 1 person who has or had BC—either in their own or
extended family, in the neighborhood, or in a friend’s
family—indicating how predominant this disease has become
(Tables 3 and 4). A total of 14 participants “had heard of”
self–breast-examinations, 13 participants “knew how to”
perform self–breast-examinations, and 7 participants “had
performed” self–breast-examinations (Figure 3). A greater than
50% decrease in the number of participants who had conducted
self–breast examination is noteworthy.
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Table 3. Number of responses to the question: “How many patients with breast cancer do you know of?”

Number of patients or survivors with BCaPercentage of participants

018

135

235

36

46

aBC: breast cancer.

Table 4. Patients with breast cancer in immediate family.

Number of patients or survivors with BCa in immediate familyPercentage of participants

059

124

217

aBC: breast cancer.

Figure 3. Familiarity test for “breast self-examination.”.

The following sections share the barriers we highlighted from
our data. Since the barriers often have cause-and-effect
relationships and circular causality, we will not present them
according to the identified societal levels like in Figure 2;
instead, we would discuss them under the same section or title
if they mostly appeared together during the interviews.

Tendency to Neglect Early Symptoms and Knowledge
Gap
Our survey participants agreed that although BC is well-known,
many people are unaware of the symptoms and often miss early
signs. Specifically, when trying to identify symptoms in
themselves, they either don’t know what to look for or tend to
disregard early signs of discomfort. For example, 1 participant
stated:

One day, my mom had severe stomach pain. We took
her to the doctor, who asked us to complete a USG
of her abdomen as the doctor suspected that my mom
had a tumor in her stomach. While doing the USG
for the tumor, the doctor detected that she had gotten
breast cancer, not a tumor…… it was already a late
detection. It’s at a deadly stage already. The treatment
would have been much less painful if she had been
diagnosed earlier. [b007]

A similar story also stated the reluctance to pay heed to early
symptoms or disclose them:

Though she (a neighbor) suspected it, she did not
disclose it initially. When the pain became
unbearable, then only she went to the doctor. She
went to the doctors in the middle stage (not the early
stage). [b011]
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One of my aunts (a family friend) had been diagnosed
with breast cancer. However, it had already spread
to the throat and jaw when she was diagnosed. So,
the doctors could not remove/cure it, and she passed
away. [b008]

These responses reflect the results Amin et al [17] found in a
survey that the research team conducted in Bangladesh in 2020;
out of the 9 symptoms of BC, approximately 50% (N=500) of
participants were unaware of 5 or more symptoms.

Misconceptions
Although none of our participants were medical professionals,
our participant pool consisted of individuals who had all
completed at least an undergraduate degree, were
socioeconomically affluent, and were self-professed,
open-minded individuals. Due to their educational backgrounds,
we assumed that the number of misconceptions about BC would
be lower than other groups. However, our participants had
several deep-rooted misconceptions about BC, which are listed
below.

First, it can only afflict females. Surprisingly, 10 out of 17
participants (59%) believed BC could only afflict females. The
rest of the participants agreed BC occurred, irrespective of sex.

Second, it is more likely to afflict married women and those
who have recently become mothers. Several participants stated
that in married women, especially after giving birth to a child
or during the breastfeeding period, it is highly likely to get
inflicted with BC.

Third, it is more likely to afflict older women. Several
participants responded that BC only affects older women; when
probed further, they believed that the age range between 25 and
45 was not particularly susceptible to BC. Reports have
suggested that Indian women in their early thirties till fifties are
at considerable risk of developing BC, and the incidence risk
increases till its peak when they reach 50-64 years of age.
Furthermore, 1 in 28 Indian women are likely to develop BC
during their lifetime [18-21]. It is more (1 in 22) for urban
women than for the rural group (1 in 60). Amin et al [17] report
similar statistics for Bangladesh (22.5 per 100,000 women and
mean age being 41.8 years and 56% of the diagnoses were for
reproductive-age women).

At the end of our interviews, we informed our participants that
(1) BC is statistically more dominant among females but can
afflict anyone, irrespective of gender and (2) there are various
types (metastatic, inflammatory, and so on) of BCs that afflict
people from various age ranges, so directly linking it to a
particular age, marital status, or maternity may not be the best
idea.

These factual misconceptions and knowledge gaps about BC
are major factors related to the diagnosis of BC at an early stage.
Our participant responses reinforced the need to disseminate
accurate information to raise awareness.

Social Stigma and Lack of Open Conversation
First, beauty and breasts—judgmental attitudes. In addition to
being an organ, breasts play a significant role in defining
femininity and women’s role in South Asian cultures. The fear

of the disease attacks the fundamentals of female identity as a
woman’s breast conjures her sexuality and her capacity to
nurture [22]. In patriarchal societies, such as Bengalis in West
Bengal and Bangladesh, irrespective of educational or financial
gains and social liberties through the years, women are perceived
to have the roles of mothers, wives, or homemakers, whereas
men are mostly seen as primary breadwinners of the family
[23].

According to a report by a Pakistani Non-Governmental
Organization, Aurat Foundation and USAID (United States
Agency for International Development; 2016), in South Asian
cultures, feminine traits include emotional, nurturing, passive,
good homemakers, fair-skinned, without body or facial hair,
long-haired, with a narrow waist, and sexually submissive. In
contrast, masculine traits include being assertive, primary
breadwinners, risk-taking, rational, and brave [24]. The ultimate
danger of this notion to a Bengali (or maybe many people from
other parts of the world) is that they feel one becomes “lesser
feminine” if one has any breast health-related issue. On top of
that, many people assume that BC’s ultimate aftereffect is
mastectomy, if not death, which adds a new level of stigma
[25,26].

When I was very young, I learned that one of my
friend’s mom had breast cancer. At that time, my
parents were very conservative; they would not open
up in front of other family members/us. I learned later
that doctors had to remove her breast. But the good
thing is, she recovered totally, and it’s been 20 years.
She has an everyday life. I believe she received good
treatment. Every treatment doesn’t go wrong! [b009]

Of the few breast-cancer and other cancer survivors
I know of, I say it is common for breast cancer
patients to feel humiliated or more mentally upset
than other cancer patients. …… I don’t notice any
initiative in our society in this matter; neither is it
commonly seen to provide some counseling for the
patients for overcoming/fighting cancer. [b005]

For several reasons, anyone with BC is reluctant to share their
experiences. In many cases, patients with BC suffer from
depression [17] due to a lack of a support system to debunk the
body image and societal myths. The image of an ideal woman
propagated in the media (television or social media) reinforces
the narrative that is sometimes unhealthy to a person’s body
image [27]. Particularly the lack of influential media
personalities sharing their stories of struggle and recovery or
the absence of characters that represent the struggles of patients
or survivors of cancer in television shows or media portrayals
impacts the perception of the journey and struggles.

Our participants echoed these sentiments in their statements:

There is a taboo around breast cancer, regardless of
class and status. People do not talk about it. We learn
about it later, like once someone has recovered or
died of breast cancer. Mostly, no one shares their
journey with breast cancer. [b014]

She (a breast cancer survivor) used to talk to me and
hang out with our family. However, she and I never
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talked about it. Neither I asked, nor she opened up.
If it is not very necessary, we will not share. That is
the mindset. [b012]

The term cancer comes with a connotation of impending doom
and death; however, the significantly higher chances of patients
surviving cancer because of early detection strategies and
awareness are not emphasized at all [28]. When it comes to the
5-year overall survival, a study reported it to be 95% for stage
I patients, 92% for stage II, 70% for stage III, and only 21% for
stage IV patients [29]. It is important to highlight these statistics
widely to encourage early detection and awareness. Survival
rates of patients with BC are lower compared with Western
countries, primarily attributed to early age onset, late-stage
detection and delayed initiation of definitive management, and
inadequate or fragmented treatment [28].

Second, cultural sensitivities. In addition to not expressing
discomfort, awareness campaigns in India and Bangladesh must
be wary of the strict cultural, religious, and moral censorship,
which does not allow the posting of revealing images of breasts.
People, in general, are brought up in an environment where they
do not feel comfortable discussing sexual health or women’s
health concerns, including BC. The term “breast” is perceived
through the lens of hypersexualization and hence comes under
deep scrutiny from moral and religious sensitivities. As
researchers embark on developing awareness campaigns, it
becomes crucial to exercise cultural sensitivity, especially
considering the conservative nature of the audience in these
regions. Being mindful of cultural nuances is essential to ensure
that the true essence of the campaign is not overshadowed by
moral policing or societal restrictions. It is important to point
out that women’s health or sexual health and the term breast
are not taboo; we cannot undo decades of cultural teaching and
biases in a day. Hence respecting the norms and designing
awareness campaigns around them would be a more sensitive
approach.

She (my paternal aunt, who was a teacher) had lung
infections and troubled breathing due to breast
cancer, but the doctor tracked it back to breast cancer
after doing several medical tests; she was never open
about the symptoms (or discomforts with her breasts)
upfront to the doctor. [b001]

People are not comfortable talking about it. Since I
am the son, my mom also never shared about her
symptoms or sufferings. [b007]

Third, women’s health care is a necessity, not a luxury.
Irrespective of South Asian patriarchal societies or more
progressive Western societies, a woman’s role in society,
economy, and family cannot be ignored. The roles of caregiver,
parent, and wife for a rural woman with added burdens of
maintaining appearance and body image in the case of an urban
woman all contribute to the issues that the contributions women
make to the world are “nonproductive” or “nonessential.” This
perception sometimes from women themselves (in some cases,
the family members) leads to the health concerns of women
being ignored or underprioritized [23]. This includes a lack of
attention to proper nutrition, timely intervention, care after
diagnosis, and adequate mental health support. This practice or

habit stood out as one of the major reasons why female patients
often get a late detection of health-related problems.

We wait and hope that the discomforts will disappear
automatically after a while – so we tend to linger. I
have noticed this among my friends and family
(especially females), including myself; we tend not to
go to doctors so easily. I am not sure if it’s a cultural
thing! But it is less about financial conditions and
more about awareness. [b014]

Certainly, that mindset is changing gradually. Nonetheless, there
is a need for increased awareness in this particular area:

A woman in the family will likely delay her treatment
as she thinks it’s the least important issue and is
probably putting financial pressure on the family. But
sometimes, they forget that delayed treatments may
invite worse consequences. [b003]

The Disconnect Between Health Care Models and People
Although none of the existing health care models worldwide
are perfect, in the context of a deadly disease like BC and
health-related supports, we noted the flaws, inconsistencies,
and lack of patient-centered policies in the regions.

First, lack of a yearly health examination policy. Unlike in the
United States or other parts of the world, Bengalis usually do
not go for yearly health examinations, or it is not a common
practice among doctors to prescribe yearly health checkups.
The lack of adequate resources, such as available medical
professionals, provider-centric consultations, and a
symptom-based health care model, is partially responsible for
this issue [30]. The region requires immediate advocacy for a
robust primary health care system and the use of existing
community care efforts to enhance awareness.

Second, out-of-pocket medical expenses. Health examinations
are expensive, and it is unusual for the region to support health
insurance employers [31]. There is no system of national health
insurance in Bangladesh [31]. People whose employers cover
health benefits also must pay to the facilities out of pocket first
and then later ask for a reimbursement. This cost barrier leads
to patients not seeking treatment early on.

Third, lack of integrated service and long-term plans. Those on
tight budgets usually have to prioritize the price over reliability
and integrated service available to few modern (and more
expensive) health care facilities. Patients and their family
members are often not fully aware of the overall costs (long-term
plans alongside short-term plans) and risk factors so that they
can make informed decisions.

Talking to the patient and their family about the
situation and possibilities is crucial. Only then can
we make an informed decision. But if the doctor
dictates the options, the patient’s family has to follow
the order, no matter how expensive or if they have to
lose their property in arranging the financial support.
[b009]

Fourth, open conversation between patients and the doctors.
Due to various reasons, including high volume of patients,
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doctors seem to spend much less time with the patients, which
has been a consistent story we heard from our participants.

The more renowned the doctors are, the less
interactive they are, or the less compassionate they
are. There is much less scope and the chance of
openly conversing with them. [b014]

Fifth, insensitive and judgmental commenting. Medical
professionals lack adequate training when addressing patients
and their concerns. A dearth of empathy compounded by the
enormous patient loads leads to negative interactions with the
health care providers, and patients or family members do not
feel comfortable asking essential questions. An insensitive
comment may cause severe damage to the patient’s (or their
caregiver’s) confidence and motivation. Effective doctor-patient
communication is determined by the doctor’s bedside manner,
which patients judge as a major indicator of their doctor’s
general competence [32,33]. Doctor-patient communication
skills are based on verbal and nonverbal communication, where
22% is transferred through voice tone, 55% through visual cues,
and 7% verbally [34]. Lack of training to demonstrate effective
behavior leads to scarring patient outcomes, one such is listed
below:

I remember an oncologist’s comment to his patient
(lung cancer survivor, 65+ years of age) regarding
the side effects of Chemo/radiotherapy: you don’t
have your natural hair anymore! So why worry about
that? [b003]

Sixth, the doctor’s gender. BC disproportionately afflicts the
female population, and since it concerns an intimate body part,
it is common among the patients and their family members to
withhold the treatment until they find a female specialist; in
short, they prioritize the doctors’ gender over professional
expertise [32]. In a cross-sectional study conducted with 1257
female patients in Udaipur, India (August 2014), by Nagarajappa
et al [32] found an overwhelming 85% (1069/1257) of the
respondents said yes to the question: “I would always prefer
being treated by a doctor of my gender.” In some other similar
studies conducted in 2019, researchers found that the most
important attributes of maternal health care facility choice for
Bangladeshi women were consistent access to a female doctor,
the availability of branded drugs, respectful provider attitudes,
and a continuum of maternal health care [35,36].

My aunt and uncle delayed the treatment as they were
hesitant about choosing a doctor; they were looking
for a female doctor, but there were not many female
breast cancer specialists in Bangladesh during that
period. My uncle (my mother’s cousin) had hesitation.
Had she been diagnosed earlier, she would have had
a better chance of survival. She was a survivor, but
her entire family suffered greatly due to the delay.
My uncle later regretted his decision. I remember him
expressing that to my mother (his sister). [b003]

Although 61.1% (198/324) of medical students in India identify
as female, a study by Bajpai et al [37] in 2020 found that men
led 67.3% (218/324) of oncology teams in India. These numbers
are similar to the numbers in the United States, where out of
667 female respondents, 442 identified as academic oncologists

versus nonacademic ones [38]. This gender disbalance among
physicians leads to patients not seeking timely medical care.

Seventh, lack of trust. Many people in the region believe that:

…an institute (hospital and caregiving center) that
is capitalist in nature cannot have people’s best
interest at heart. [b016]

This may play a significant role in people’s hesitancy to seek
health advice unless necessary.

Mental Health Support Infrastructure
All participants expressed concerns about lacking mental health
support systems. Most reported that:

• family members and caregivers are never made aware of
the patient’s mental health, its relevance, and how to handle
them [26].

• “I didn’t know and never thought mental health could be
impacted directly by these (or any) diseases.” [b007]

• there is no infrastructure to support the mental health of
patients suffering from terminal or deadly diseases.

• “Mental health is considered taboo, more significant of a
taboo than breast cancer. People don’t usually talk about
it. Doctors also don’t do a good job in this regard. Providing
professional mental health support is not common in
India/West Bengal to battle cancer.” [b016]

• “Since cancer is associated with a lot of uncertainty, fear,
and stress, the moment patients get diagnosed with cancer,
they must get counseling. Mental support from proper
channels can help patients gather the strength and courage
to defeat it.” [b010]

Role of Media
Media has always played a significant role in spreading
awareness among the general population on various issues. We
wanted to learn how our participants felt about the role of media
around them in spreading BC awareness. A survey conducted
by YouGov Global Media in India identified that in 2022, 59%
of Indians under the age of 24 years depended on websites or
web apps as their primary media source, whereas people above
the age of 45 years depended on television (live or nonlive
broadcast) as a primary media source [39]. In Bangladesh,
USAID conducted a similar survey and found that 46.6% of
respondents mentioned television, and then 33.1% said the
internet was a primary source of information media [40].
Similarly, in India, 60% of the population in the age group of
45 years and above depend on television for news, whereas
younger audiences tend to lean toward updates from social
media instead of watching traditional television news (which
broadcasts news at specific hours).

Social media and traditional media (television and newspapers)
can substantially spread awareness among people. We wanted
to understand whether the media’s contribution to raising
awareness was limited to a date or time (eg, Breast Cancer
Awareness Month) or whether there is any consistent
campaigning.

Our participants have reported seeing numerous posts, symbols
(such as the pink ribbon or black screen), and talk shows on
specific days, weeks, or months of the year (such as during
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Breast Cancer Awareness Day). However, these efforts are
transitory. They come and go; many posts are left unattended,
unread, and unfollowed, and many programs and talk shows
are left unwatched. The lack of consistent programming on any
platform that regularly sends out relevant messages throughout
the year leads to reduced engagement and interest.

I have seen many programs aired on the national
television of Bangladesh, but I believe that is not
sufficient…. I haven’t noticed any program regularly
on this topic. If we talk about social media, I don’t
see enough posts relevant to this topic. [b004]

People share (even if that’s at a minimal level,
especially on special occasions like Breast Cancer
Month). But others may not have time to read it
carefully due to their busy schedules. I sometimes see
such posts but don’t have time to read them
thoroughly. I feel until it hits someone, they are likely
to ignore (or blindside) it. [b003]

Most BC-related posts (eg, Figure 4) on media platforms include
either a pink bow [41,42] or wearing the color pink at campaign
events [43,44]. To urban audiences’ mammograms are widely
promoted by health care professionals or organizations [41,45].

Figure 4. Media coverage, rallies, and campaigns.

The absence of relevant information about the disease,
prognosis, and symptoms is stark and leaves the audience
wondering how to perceive this awareness campaign. Often,
momentum is lost, and true engagement is not achieved, leading
to lackluster awareness numbers.

We see advertisements relating to breast cancer,
sometimes on the television or elsewhere, or
billboards, but then it is very short and crisp. And it
just says that we should be aware of breast cancer,
but then what to be aware of it is never mentioned
anywhere. [b017]

Awareness Raising
Many of the findings are codependent and mutually recursive.
For example, lack of trust in health care systems in the area and
financial hardships implicitly push people to neglect early
symptoms of deadly diseases; lack of open conversation and
social stigma block them from reaching out for mental health
support, to name a few. Our discussions with the participants
highlighted several means to help spread mass awareness in the
regions. In this section, we present the summary of our
suggestions to achieve mass awareness through Figure 5 and
briefly discuss them right after.
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Figure 5. Our recommendation to help raise awareness. BC: breast cancer.

Designing a Yearly Health Care Routine for Everyone
Society must believe that early diagnosis can help
increase survival and reduce suffering. We need to
build the practice of going through a yearly checkup.
[b008]

Given the population, unemployment, and other issues,
achieving mass success in building this practice will require

support and cooperation from international organizations (such
as the World Health Organization) and local governments.

Spreading the Voice of Survivors
We often hear words from specialists (doctors and scientists)
on mass media (eg, Shastho Kotha [46]). Aside from their
knowledgeable notes, the programs will draw attention to the
mass scale if BC survivors’ interviews are included regularly.
This will also reduce fear, hesitancy, and social stigma. When
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people see interviews of BC survivors belonging to the same
community (age, gender, social status, and so on), it will help
everyone to open up about similar issues.

I believe cancer changes our views and ways of life.
We must break the practice of neglecting minor
symptoms and not seeking medical advice. We need
to improve trust and healthy communication between
doctors and patients. Roughly 50% of the population
is female. So, whichever cancer is more probabilistic
to which population, they need to take it seriously.
Financial hurdles should not be the first concern. It
will be beneficial if there is a platform where people
can talk about it and not treat it as something that
cannot be discussed. [b016]

Sharing the experiences of BC survivors as they navigate
treatment plans, manage financial burdens, and embark on their
journey toward recovery can play a crucial role in dispelling
fear, reducing anxiety, and challenging the taboos surrounding
BC. Narratives that illuminate the resilience of these survivors,
highlight the support of their families, and shed light on the
obstacles they overcome contribute to humanizing this daunting
illness.

Using the Grassroots Health Workers
NGOs like Surjer Hashi Clinic, Shobuj Chata
Community Clinic, etc., wildly succeeded in child
immunization and birth control in Bangladesh. So, if
cancer awareness (like breast and cervical cancer)
is taken as an agenda by such organizations, I am
hopeful it will succeed. [b003]

If the health workers spread a simple flyer about BC with some
visuals and depictions in Bangla during their weekly visits, it
will help raise awareness in rural areas quickly.

Bangladesh has successfully rolled out the idea of
condoms and contraception, though we are

considered a very conservative society. Major
religions of our land directly oppose the idea of birth
control. Yet the success came not because of the paid
advertisements or programs in media but because of
sending medical advice to the grassroots level. So, I
believe we can succeed in growing awareness about
breast cancer if the Government takes such programs
into the hand. [b005]

Establishing a Collaborative Effort on Social Media
Bangladesh’s internet penetration rate stood at 31.5% (52.58
million/167.1 million) of the total population at the start of 2022
[47], and India’s 47% (658 million/1.40 billion) of the
population has internet access [48]. India and Bangladesh have
both shown steady growth in mobile cell phone service, too.
Instant messaging apps such as WhatsApp (Meta; 487 million
users in India and 40 million users in Bangladesh) [49,50]. We
strongly believe these platforms can be used to spread accurate
awareness messages to users, particularly if government health
organizations partner.

We suggest regularly preparing WhatsApp message broadcasts
or mass forwards to groups, patients, or individuals from
credible organizations such as local government branches (eg,
zilla panchayat or district offices), medical associations (eg,
Bangladesh Medical Association or Medical Council of India),
or nonprofit organizations (eg, Sabuj Sathi). Sending these
messages individually to users also avoids making anyone
uncomfortable with the content, keeping in mind the social and
religious sentiments or barriers in these regions. WhatsApp’s
ubiquitous presence in the digital communication ecosystem of
both countries removes additional app downloads or
installations. We propose using WhatsApp forwards (illustrated
in Figure 6) as a cost-effective, easy-to-understand, and
time-efficient method for dissemination. However, it is essential
that these messages are reviewed by an expert before distribution
to ensure accuracy and reliability.
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Figure 6. Proposed self-breast examination instruction flyer.

Inclusive Texts in Secondary and Higher Secondary
(Middle and High School) Curricula
Many people in both regions finish their education till middle-
or high-school level. Some inclusive articles (written with
appropriate languages and cultural values in mind) regarding
women’s health and the terminal and most predominant diseases
in society will help spread awareness. The students and their
families will gradually become aware; thus, many of the causes
blocking the attention can be addressed thus far. Because
textbooks can reach families where social media or
entertainment media cannot.

I grew up in a village. I can talk to you from that
context.… It isn’t easy to spread awareness in the
villages. For example, I grew up in a Muslim family
where watching TV was not allowed, as it is
anticipated that kids will be misguided by watching
cartoons or inappropriate programs. So, getting this
knowledge through TV was/is challenging for many
kids like me. [b006]

Per our research, no story, article, or novel about BC is included
in the secondary and higher-secondary curricula of Bangladesh
and West Bengal, India.

Educating the Caregivers and the Family Members
Besides building infrastructure for mental health support, doctors
and other associates must educate the family members and
caregivers about the patient’s mental health and how to deal
with it. We heard stories suggesting how a family can motivate
a survivor to fight BC:

Someone very close to me has breast cancer. Initially,
when it was diagnosed, the doctor prescribed her
some medicine but barely communicated with her
about her mental health. So, she melted down. After
battling breast cancer for two years, she started
self-motivating and regained her mental strength. She
is a mother of two young kids, so that pushed her to
keep going and not give up. She involved herself in
activities like Yoga. Due to regaining mental strength,
she started handling the treatment better (I am not
suggesting that the cancer has disappeared, but she
started driving it better). [b002]

She (a relative) went into depression after the
mastectomy. But since she has kids, she motivated
herself. Her family also supported her very strongly.
This support has helped her come out of the trauma.
She is still following up with her breast cancer-related
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treatment. It is four years that she has been receiving
treatments. [b011]

Discussion

In this research study, we aimed to understand the attitudes and
perceptions of South Asian people, specifically people from
Bangladesh and West Bengal, India, regarding BC. Our goal
was to identify common barriers to raising mass awareness
about BC in this population. In the results section, we discussed
the significant barriers to BC awareness, which included a lack
of knowledge and open conversation, negligence of early
symptoms, negative bias toward health care systems, judgmental
attitudes, and insensitive comments toward patients and their
families, and financial hardship with limited options for financial
support. We also provided suggestions to effectively raise mass
awareness, including encouraging open conversations among
family members and different groups, discussing relevant topics
in social events and places of religious practices, integrating
the topic into school curriculums, and disseminating accurate
information through social and traditional media.

We present, in this work, the summaries of our findings in
Figure 2 and Figure 5, where we clustered the critical points
into 5 themes based on different societal levels—individual,
family, local society, health care system, and state or country.
Our findings highlighted the need for long-term planning and

cooperation between people and the government, collaboration
between national and international organizations, the use of
media and education systems, and the importance of modern
technologies and mass media in raising BC awareness.

Considering our dataset size (N=17) and the demographics of
the participants, particularly their socioeconomic status and
educational background, it is important to acknowledge that
our findings are not fully representative of the entire population.
Specifically, our dataset may not adequately capture the
experiences of individuals living in rural areas, those below the
poverty line, or those in the wealthiest brackets. These
socioeconomic statuses certainly have disparate health care
experiences and struggles. Our participant pool does offer
valuable insights into the perspectives of the upper-middle-class
segment of society and gives a general overview of barriers that
should be further investigated.

For future work, it will be essential to extend this study to
include participants from a wider range of economic and
educational backgrounds. This broader approach will enable us
to evaluate the generalizability of our findings and
recommendations across diverse demographic groups and to
uncover any critical issues that may have been overlooked in
the current analysis. Such an expansion will contribute to a more
comprehensive understanding of the nuances of this important
issue and increase the applicability of our conclusions to a
broader audience.
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Abstract

Background: Patients with cerebrovascular accident (CVA) should be involved in setting their rehabilitation goals. A personalized
prediction of CVA outcomes would allow care professionals to better inform patients and informal caregivers. Several accurate
prediction models have been created, but acceptance and proper implementation of the models are prerequisites for model
adoption.

Objective: This study aimed to assess the added value of a prediction model for long-term outcomes of rehabilitation after CVA
and evaluate how it can best be displayed, implemented, and integrated into the care process.

Methods: We designed a mock-up version, including visualizations, based on our recently developed prediction model. We
conducted focus groups with CVA patients and informal caregivers, and separate focus groups with health care professionals
(HCPs). Their opinions on the current information management and the model were analyzed using a thematic analysis approach.
Lastly, a Measurement Instrument for Determinants of Innovations (MIDI) questionnaire was used to collect insights into the
prediction model and visualizations with HCPs.

Results: The analysis of 6 focus groups, with 9 patients, 4 informal caregivers, and 8 HCPs, resulted in 10 themes in 3 categories:
evaluation of the current care process (information absorption, expectations of rehabilitation, prediction of outcomes, and decision
aid), content of the prediction model (reliability, relevance, and influence on the care process), and accessibility of the model
(ease of understanding, model type preference, and moment of use). We extracted recommendations for the prediction model
and visualizations. The results of the questionnaire survey (9 responses, 56% response rate) underscored the themes of the focus
groups.

Conclusions: There is a need for the use of a prediction model to assess CVA outcomes, as indicated by the general approval
of participants in both the focus groups and the questionnaire survey. We recommend that the prediction model be geared toward
HCPs, as they can provide the context necessary for patients and informal caregivers. Good reliability and relevance of the
prediction model will be essential for its wide adoption.

(JMIR Hum Factors 2025;12:e56521)   doi:10.2196/56521
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Introduction

Cerebrovascular accident (CVA), the collective name for
ischemic stroke and intracerebral hemorrhagic stroke, affects
15 million people each year globally [1]. A CVA can have a
range of symptoms that vary from patient to patient. Unilateral
paralysis or weakness, numbness or loss of vision, speech
difficulties and other cognitive dysfunctions, ataxia, diplopia,
and nonorthostatic dizziness are some of these symptoms [2].
After the acute phase of treatment, patients often undergo a long
rehabilitation process, although the length, intensity, and
outcome can vary greatly between patients. In the Netherlands,
65% of CVA patients undergo rehabilitation at home after their
hospitalization. The remaining 35% of CVA patients visit a
rehabilitation center or geriatric rehabilitation center. Among
patients in this group, 25% will not return to their homes and
will go to nursing homes [3].

To provide the best care, health care professionals (HCPs) and
patients should decide together which path to take in the care
process [4]: shared decision-making. Efficient and practical
goals can be determined when patients are involved in
decision-making, leading to a more appropriate and suitable
discharge location. Thus, CVA patients should be involved in
decision-making regarding where rehabilitation will take place
and setting rehabilitation goals [5]. A considerable number of
CVA patients prefer active involvement in decision-making
and consider themselves capable of doing so [6]. An important
part of supporting active involvement in the decision-making
process is to offer patients insights into expected outcomes.

Recovery is very heterogeneous for CVA patients in terms of
speed, process, and outcomes, and is often considered too
complex for HCPs to predict. As such, little information about
expected medium- and long-term outcomes (3 months to >1
year) is provided to patients. Over the last few years, using
artificial intelligence (AI) methods, several outcome prediction
models have been developed. Some models on certain aspects
of functional status have been developed, such as rehabilitation
of motoric upper limb skills [7] or independent walking [8].
Others have reported testing at rehabilitation admission [9] or
the use of wearable sensors [10] to provide useful data to predict
postrehabilitation CVA outcomes. Most of these models use
machine learning algorithms on structured clinical data, with
varying accuracy [11,12]. Deep learning has offered the
opportunity to combine more data and more different data types,
such as imaging or free text, into a prediction model [13] and
as such increase the accuracy of predictions. Several studies
have investigated how deep learning can lead to better CVA
outcome predictions [13,14] to reach clinically acceptable
reliability. One of our previous studies [15] showed that
combining structured clinical data and perfusion computed
tomography (CT) scans can lead to an increase in performance.

While having accurate and reliable predictions is important, the
explainability and clinical relevance of AI methods are essential

for their adoption in medical practice [16,17], and many
prediction model implementations currently fall short in these
aspects [18]. Using a functional tool based on AI in a real-world
setting would require both HCPs and patients to understand and
trust the outcome prediction and see its relevance. Understanding
a predicted outcome can be challenging for healthy people, but
even more for CVA patients. These patients can have impaired
cognition and often have a higher age [2]. Thus, information
should be provided in an easy and clear manner for low
cognitive effort. For example, when numerical data are
presented, it is recommended to use simple visual forms such
as flow or bar charts and circle diagrams [19].

The discharge interview usually addresses the duration and
location of the rehabilitation. There are typically multiple
possibilities after discharge, such as going home without or with
home therapy, outpatient rehabilitation, geriatric rehabilitation,
and clinical rehabilitation treatment [3]. A personalized
prediction of CVA outcomes and the length of the rehabilitation
process would allow HCPs to better inform patients and informal
caregivers. This could form a basis for shared decision-making,
as a more informed conversation about the preferences of the
patient can be held. This research aims to assess the added value
of a prediction model for long-term outcomes of rehabilitation
after CVA, to investigate how its results can be best displayed,
and to determine the best way to implement and integrate it into
the care process.

Methods

Design
A qualitative study was designed with the goal of evaluating
the added value of a prediction model for stroke outcomes in
CVA care. More specifically, this study aims to investigate how
to best display the outcomes of the model, and integrate and
implement them in the care process in an appropriate manner.
We based our study on a prediction model previously designed
in our hospital [15]. Before the qualitative evaluation, the
research team developed a mock-up of a display of the
prediction model, together with several different visualizations
of the model outcome and interpretability. The research team
included a neurologist and an expert on medical AI. The
mock-up design was iterative, allowing for an update after each
part of the study.

The study consisted of 3 parts: focus group discussions with
CVA patients and their informal caregivers, focus group
discussions with HCPs, and a follow-up questionnaire to HCPs,
as shown in Figure 1. In both sets of focus groups, the opinions
of patients and HCPs on the current information management
and their needs with regard to the prediction model were
explored and analyzed using a thematic analysis approach. The
questionnaire was used to evaluate the finalized prediction
model and visualizations with the HCPs.
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Figure 1. Schematic overview of the different parts of the study. The circular arrow refers to the iterative aspect of each step. HCP: health care
professional.

Focus Groups

Study Population
Patients who were admitted to St. Antonius Hospital between
January 2020 and December 2021 for a CVA were selected
using convenience sampling. Patients who had a CVA in the
previous 3 months or who did not speak Dutch were excluded.
We selected participants with a wide variation in age, gender,
rehabilitation type (medical specialist, geriatric, home, or
outpatient), and education level. An overview of the
characteristics of the selected participants can be found in Table

1. Patients were approached by phone, and information letters
were sent by email or postal address. Patients could bring their
informal caregivers to the focus groups if this was of added
value due to impaired cognition or higher age. The research
team thought that an informal caregiver could assist in
interpreting the model and could discuss patient preferences.
Another advantage of including informal caregivers is that they
are often involved in the entire hospitalization process of
patients, and their opinions can therefore be valuable.
Participants signed up by contacting the researcher and were
asked to sign an informed consent form before the focus group
started.

Table 1. Cerebrovascular accident participants in focus groups.

RehabilitationLevel of educationGenderAge range (years)Participant

Geriatric rehabilitation centerVocational educationFemale71-75P1

Rehabilitation at homeVocational educationMale41-45P2

Rehabilitation centerVocational educationFemale41-45P3

Rehabilitation at homeApplied universityMale71-75P4

Rehabilitation at homeHigh schoolFemale81-85P5

Rehabilitation at homeApplied universityFemale66-70P6

Rehabilitation at homeHigh schoolMale41-45P7

Geriatric rehabilitation centerVocational educationFemale76-80P8

Rehabilitation centerVocational educationFemale61-65P9

For HCPs, participants were recruited from a pool of HCPs
involved in the discharge or rehabilitation process in the
hospital. This included neurologists, rehabilitation doctors,
junior doctors, nurses, and nurse specialists. All participants
were approached via email or in person. The research team
aimed to have 3 participants in each focus group, specifically
a medical specialist, a general doctor, and a nurse.

Data Collection
The focus groups were led by 2 researchers (CGA and SvH).
SvH moderated the focus groups with patients, and CGA
moderated the focus groups with HCPs. We opted for the
separation of patients and HCPs in different focus groups, such

that the participants in both groups would be able to speak more
freely about their experiences. We started with 3 focus groups
for patients and their informal caregivers and 3 focus groups
for HCPs, and we assessed whether saturation of data was
reached or more focus groups were necessary. Each focus group
had different participants.

The focus groups consisted of 2 phases. The first phase of the
focus group was intended to explore the needs and expectations
of the use of a prediction model during the discharge interview.
This started with a reflection on the discharge interview and
rehabilitation process, what expectations were created, what
shared decisions were made, how the process went, and other
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questions about topics and components that were addressed in
the prediction model. The goal was also to determine how a
prediction model could contribute to better expectations and
improve the discharge interview.

In the second phase of the focus groups, different options for
visualizations of the prediction model were discussed. We have
elaborated on their design in the section on visualizations.
Before the second phase of the focus group started, there was
a short explanation of the visualizations. After this, the
participants were asked to discuss several topics. First, whether
the visualizations were clearly explained. Second, they were
asked about relevance and what they think about the
visualizations being used. During the focus groups with HCPs,
this also included the predictors included in the model. Finally,
they were asked to discuss which of the visualizations they
preferred and why.

Focus Group Guide
Focus group guides were used, consisting of open and follow-up
questions for the 2 phases of the focus groups (Multimedia
Appendix 1 for patients and Multimedia Appendix 2 for HCPs).
The focus group guides consisted of a few open questions, aimed
at starting a discussion on information provision to patients in
the current care process and the suitability of the prediction
model and its visualizations. The focus groups followed an
iterative design, which meant that after each focus group, the
questions in the interview guide were adjusted if certain topics
needed to be added or changed.

Data Analysis
Analysis of the focus groups was performed by researchers
CGA and SvH in a thematic analysis approach using Atlas.ti
[20]. CGA and SvH are early stage researchers with educational
training and some research experience in focus group research.
The thematic analysis was performed as follows. First, the
researchers transcribed and anonymized the interviews. Then,
both researchers separately open coded the transcripts. The data
were coded axially by clustering codes by meaning, and the
clusters were assigned themes. When all 6 transcripts were
axially coded, the data were selectively coded to determine the
relevance and consistency of the themes [21]. Finally, the themes
were defined by noting the characteristics of the themes for
consistent use. After analysis, the researchers held discussions
about the data until a consensus was reached. We aimed for
research triangulation by having 2 researchers independently
analyze the data and iterate until agreement.

Questionnaire Survey

Study Population
The study population of the questionnaire consisted of HCPs.
Similar to the focus groups, the participants were recruited from
the pool of HCPs involved in the discharge or rehabilitation
process in the hospital. However, only HCPs who directly
worked with the prediction mode, such as junior doctors and
neurologists, were asked to fill out the questionnaire. They were
contacted by email or phone, or in person.

Data Collection
The last part of this study consisted of a questionnaire for a final
analysis of the visualizations by HCPs. A simulated visualization
(updated after the focus groups; see section visualizations) was
shown to the HCPs for different scenarios for possible situations
of patients in a discharge interview. They were asked to answer
a modified Measurement Instrument for Determinants of
Innovations (MIDI) questionnaire [22], which is a tool for
describing the helpfulness and possibilities of medical
technological devices. We selected 2 relevant sections out of 4
in the questionnaire regarding the innovation itself and the end
users. The other 2 sections regarding work environment and
sociopolitical environment were out of scope and more suitable
for a later implementation phase. The questionnaire was adapted
to fit the setting of the prediction model and was distributed via
RedCap [23]. The questions were divided into 5 sections:
general opinions, advantages and disadvantages, effects on
patients, effects on colleagues, and opinions on implementation.
The questionnaire consisted of 21 questions on a Likert scale
and 1 open question.

Data Analysis
No statistical analyses were performed on the questionnaire, as
the MIDI questionnaire is not a validated questionnaire and the
sample size is small. Instead, the questions were meant to
provide a formalized evaluation of the prediction model and its
visualizations. Both the general score of the prediction model
and the agreement have been reported.

Prediction Model and Visualizations
The model visualizations were based on the model described
in a previous article [24]. This model aims to predict a 2-fold
outcome: functional outcome (modified Rankin scale [mRS]
score) after 3 months and length of stay in a rehabilitation center.
Two feature sets were used as predictors: hospital data and data
from geriatric rehabilitation clinics. The hospital data were
based on registry data from the Dutch Acute Stroke Audit [25],
such as medical history, treatment data, and admission data,
and the other data included intake data, admission data, and
discharge data.

The design of the visualizations followed an iterative setup with
the research team. Before the focus groups, the research team
created a mock-up, with outcomes and visualizations for 2
fictional patients, as a functional model with real patient data
was not yet available. Based on examples and previous literature
about explainable AI in health care [26,27], a choice of 2
different visualization styles was made. One with a more
simplified textual approach having clear and limited information,
and one with a more detailed visualized approach having more
information in the form of diagrams. We chose circle and bar
charts for this style, as they are considered the most
“approachable style” of visualization of numbers [19]. The
visualizations of the outcomes in both styles are shown in Figure
2.
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Figure 2. Different visualizations of outcomes (translated from Dutch). (A) Textual limited information; (B) Visual detailed information. mRS: modified
Rankin scale.

Next to outcome visualizations, we also included explanations
of the predicted outcomes by the models, which have been
shown to be important for the adoption of AI in medicine [14].
We opted to show the model explainability through feature
importance, where for the predicted outcome of the model for
each patient, the contribution of each feature is shown. This can
also be described as local interpretability, which has been further
explained previously [19,23]. For example, it can show that the

age of that specific patient contributed 20% to the decision of
their personal outcome. This can be both positive or negative
feature importance, indicating whether it made the predicted
outcome more or less likely. The detailed visualization (Figure
3A) shows this in red and green bars. For the simplified version
(Figure 3B), only the most important features for the outcome
were mentioned (not the extent of their contribution).

Figure 3. Different visualizations of influencing factors (translated from Dutch). (A) Visual detailed information. The color and length of the bars
indicate the size of the effect on the outcome. (B) Textual limited information. CVA: cerebrovascular accident; IVT: intravenous thrombolysis; MSR:
medical specialistic rehabilitation; NIHSS: National Institutes of Health Stroke Scale.
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Visualizations were developed for 2 fictional patients in 2
different visualization styles, resulting in 4 examples. The
complete translated visualizations can be found in Multimedia
Appendix 3. Based on the feedback from the focus groups, 1
visualization style was selected, and the visualizations were
modified in accordance with the focus group feedback. These
final visualizations were used for the questionnaire.

Ethical Considerations
The Medical Ethics committee of Utrecht (MEC-U) declared
that this study is not subject to the Dutch Medical Research
Involving Human Subjects Act (WMO) and issued a non-WMO
statement under number W22.007, and subsequently, the board
of directors of St. Antonius Hospital issued a statement of no
objection (permission to perform) under number Z22.009. All
participants provided informed consent.

Results

Focus Groups
The focus groups took place in April and May 2022 and lasted
for 60-90 minutes with patients and caregivers and for about

an hour with HCPs. We conducted 3 focus groups of each type
(total 9 patients, 4 informal caregivers, and 8 HCPs). After these
sessions, further focus groups were not deemed necessary, as
saturation was reached.

A few minor changes were made to the interview guide after
the first focus group with patients. We put less focus on the
discharge interview and more on the questions about the care
process in general for patients and the family interview for
HCPs. For the focus groups with patients and informal
caregivers, the transcripts were sent to these participants for a
member check. None of the participants had any remarks on
the transcripts.

The results of the focus groups have been organized by theme
in prediction model development in 3 sections: evaluation of
the current care process, content of the prediction model, and
accessibility of the model (Figure 4).

Figure 4. The 10 themes in the focus groups divided into 3 categories.

Evaluation of the Current Care Process

Information Absorption

Some of the patients said that they either could not remember
or did not understand the information given at the discharge
interview. This could be due to the symptoms of their CVA.
For example, a patient developed aphasia because of the CVA.
As a result, she did not know what questions to ask during the
discharge interview and did not manage to do so. However,
most patients said this was due to information overload caused
by discharge taking place shortly after the CVA, and the
impressions and emotions during admission. On the other hand,
most of the informal caregivers said that they received the
information provided during the discharge interview and helped
the patients with the information when necessary.

The patients and informal caregivers who could remember said
that they were positive about the information provision, calling
it clear, open, and informative, with a lot of room for questions.

HCPs mentioned that they often found it hard to estimate
whether patients and caregivers truly understood the given
information, saying that patients always say they understand,
even if they do not. They also mentioned language barriers as
a common issue. Moreover, they were not sure whether the
extra resources given, such as websites or information flyers,
were read and understood by patients, as they did not discuss
these with them.

Expectations of Rehabilitation 

Most patients and informal caregivers had little idea of what to
expect from rehabilitation and expressed that they felt thrown
in at the deep end. One patient described her lack of expectations
as follows:

I just let everything wash over me. That was all I
could do.

Only 1 patient said he knew what he could expect in his personal
situation, even if daily tasks proved more difficult. Informal
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caregivers expressed wishes for more information from the
hospital about rehabilitation, with 1 informal caregiver
expressing that he would have wanted a rehabilitation plan from
the hospital:

[...] my mom is not the first one with a CVA, so there
is a certain expectation and based on that […]
protocols are made. It's my first time, and then there's
nothing […] that's hard. Something has to be done
about that. That's what I missed.

Eventually, most patients were happy with the rehabilitation,
except for a few bad experiences with HCPs. HCPs’experiences
matched with the views of the patients and caregivers, and they
stated that they do not have a good overview of rehabilitation
and therefore cannot give patients an expectation of what will
happen during rehabilitation. Some HCPs believed that this
information should be given in rehabilitation clinics. They also
mentioned that there could be a disparity in the expectations
between patients and informal caregivers. In those situations,
patients often felt like they were ready to be discharged home,
while caregivers would still be very worried and push for
inpatient rehabilitation.

Predictions of Outcomes

Almost all HCPs mentioned the difficulty of making individual
predictions. They explained that this was due to patients, even
similar patients, having varying recovery paths and because
they did not have oversight over recovery during rehabilitation.
Only the 2 most experienced neurologists felt more comfortable
giving general predictions using age and the severity of the
event. One of the junior doctors mentioned that they did not
feel like they had enough knowledge and data to make such
predictions.

I also don't know the exact scientific evidence from
the top of my head […] for someone with a
hemiparesis after 3 months.

These statements were in agreement with the experiences of the
patients. In the perception of the patients, if the physician did
predict outcomes, it was not very precise. For example, they
mentioned that the physician predicted that they would recover
gradually in the first 3 months. Moreover, they said that no data
in the form of numbers or percentages were used. 

We asked all participants what they considered the most
important outcomes to have a prediction on. Three outcomes
were mainly mentioned: functional status in the medium or long
term (multiple months or years), time of rehabilitation, and the
chance of a new CVA. A new event was something that many
patients were very scared about. They wanted to know how high
the chance of recurrence was and wanted reassurance that it
was as low as possible. HCPs mentioned it was not necessary
to have a prediction of recurrence, as medications will always
be given to minimize those chances. 

Decision Aid

Many patients and informal caregivers felt like the physician
took their opinions into account. According to the participants,
it varied for each patient whether they had a choice in discharge
location. Most participants said they did not have a choice in
this decision. However, most participants felt that they could

not make a better decision than a physician could, and they
accepted the physician’s opinion and professionalism. According
to the participants, physicians have more knowledge about a
CVA than patients and therefore know what is better for them.

You have to imagine; it was all new to us. So […]
how can your opinion be different from what they
recommend to you? It's almost impossible because
you're in a situation like that so you can't judge it.

Physicians mentioned shared decision-making. There is often
not really any discussion on where the patient should be
discharged.

Content of the Prediction Model

Reliability

Many patients were initially skeptical about a model that would
predict outcomes. This was based on the physician’s statement
that it is not possible to make personal predictions. Several
patients and informal caregivers said they did not believe that
a physician could make accurate predictions and that
consequences could only be seen after rehabilitation.
Furthermore, some caregivers also found the prediction too
absolute and programmed.

If it’s such a well-founded prediction but we asked
the neurologist about the whole thing, and he couldn't
really give us any answers about predictions […].
Won’t we get the wrong expectations from an
overview like this?

HCPs were also skeptical of the reliability of the model. They
similarly argued that they see a lot of variation between patients
and wondered if it is possible to make accurate predictions. In
general, they believed that all included predictors would be
usable. However, the HCPs questioned the reliability of the
model due to the absence of certain important predictors, such
as pre-existent functioning (Barthel score), detailed comorbidity,
and the character of the patient. They acknowledged that the
last aspect would be hard to measure. Moreover, if it is just a
tool for information, the doctors argued that it is not that bad if
the prediction is not 100% accurate.

[perfect performance] would be preferable, but you
can never predict that […] maybe the important part
is how to translate model performance to the patient

One of the informal caregivers felt that there should be a
disclaimer with the model because the outcome could never be
100% right.

Relevance

While most HCPs were generally enthusiastic about the
proposed model, another point of skepticism was regarding
relevance, as they were hesitant about how to explain the
predicted outcomes to patients, especially regarding percentages.
Patients confirmed these concerns. One of the patients said he
did not like percentages because one can never say what 90%,
for example, truly quantifies. Patients agreed that it is better to
have a conversation and explain the information instead of
simply showing the model. HCPs mentioned that while a general
model for outcome prediction would be good, a more useful
option would be if there were more different outcomes. For
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example, where it would be more useful if we could split it into
several types of complaints or symptoms (like aphasia or
paralysis).

There was disagreement among patients regarding whether they
wanted predictions at all. Some stated that they would be curious
to know their predictions. Another participant stated that the
information he received from his physician was sufficient and
that he did not need a more specific prediction. Some of the
caregivers said they would find it convenient to use a prediction
model during a discharge conversation and that a prediction
could supplement the information given by HCPs. Most HCPs
were slightly worried about the risk of giving too much
information, as it is currently already too much. However, some
physicians also thought that a prediction could help clarify the
situation, making the other information more digestible.

Influence on the Care Process

There were several points discussed concerning the possible
influence of a prediction model on the care process. There was
agreement among HCPs that it would be good for the patient
as guidance if it is understandable for the patient. Junior doctors
especially thought it would be good for HCPs as well for
guidance in conversations with patients, reaching a better ground
to make prognoses and overcoming unconscious biases about
patients.

While most patients and informal caregivers expressed the
positive aspects of guidance similar to HCPs, some patients
worried that if the prediction is negative, it could be scary or it
could demotivate the rehabilitation process. The patients stated
that a lot of motivation is necessary for the best recovery.

And if I were [example patient] and 82 [years old] I
don’t know if I would be up for knowing […] that bad
outcome

However, most patients and informal caregivers did not want
HCPs to hold back negative results from them. Moreover,
doctors mentioned they would not be worried about this, as they
are used to delivering bad news.

The main importance for HCPs was a way to inform patients
and to offer clearer information for expectation management in
the further rehabilitation process. As such, using this prediction
tool would not have a direct result on the treatment or outcome
of patients. There was the question of why this would be useful,
and it was expressed that the goal of the tool should be clear;
otherwise, it might not be used.

Accessibility

Ease of Understanding

The HCPs in general found the prediction model and the
visualizations quite clear, and most thought that with explanation
the model should be understandable for patients. However,
several patients and informal caregivers found it hard to
understand. Even after another explanation, they struggled to
fully comprehend the meaning. One patient mentioned this
might be due to one of the complications of his CVA being a
lack of concentration and thus not having enough concentration
to read. They struggled with the medical terminology, even after
explanation. One patient said that it might be convenient for a

physician but it is too hard for a patient. Most patients and
caregivers understood the visualizations if they looked at them
for a little longer but concurred that an explanation is needed
from someone with a medical background or a more detailed
but simple explanation is needed in additional text.

Preference for a Model Style

There were differences among patients regarding the preferences
for the style of visualizations. Most of the participants preferred
the prediction model with more graphics and less text because
it was more visual and easier to understand. One participant
stated that when a patient has symptoms like trouble with
reading or concentration, it is easier to see the graphs.

I also think that for people who have […] more
symptoms, who understand it a […] less easily […]
the pictures are a little bit more informative.

A few patients said the bar charts for feature importance did
not have their preferences, as they contained too much
information and the features could not be changed.

All HCPs preferred the more detailed visualization, and they
argued that they contained more information and made the
prediction more “alive.” Interestingly, they thought patients
would not have the same preferences. The HCPs also argued
for integration into the electronic health record (EHR), as this
would help with ease of use and adoption in the care process.
Some HCPs were afraid that due to the high workload and the
model not having a direct impact on the care process, the model
might not be used if it is not easily accessible.

Moment of Use

Whether to use the model during the discharge interview or
during the family interview, which happens a few days into
admission with informal caregivers, was a point of discussion
among HCPs. It could be beneficial for both. The discharge
interview can be very rushed, and during the family interview,
there might be more time to go over the predictions. However,
this would be earlier in the process, which means that less
information might be included in the predictions. Moreover,
they agreed that having some form of access afterward would
be good. Different options were mentioned: at the rehabilitation
center, with the general practitioner, or at the 3-month follow-up.

The patients generally agreed with this view. One patient stated
that it would be good to see the prediction when you feel like
it, but it would have been too much during the discharge
interview.

It is useful but […] too extensive [for] a normal
person […] does not understand a thing. [...] Then it
is explained by someone with a medical background
[…] who can perhaps explain it better. […] Maybe
after a few months go back and look at it again […].
What are the expectations now, what are the
expectations later.

Questionnaire Survey
Based on the results of the focus groups, we extracted a set of
recommendations. These recommendations were either
immediately included in the visualizations of the prediction
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model or served as general recommendations for further
development or for the context of the implementation in current

care. The recommendations are summarized in Table 2.

Table 2. Recommendations from the focus groups.

IncorporationRecommendationThemeCategory

ImplementationRecognize that the information might not be understood at
the discharge interview

Information absorptionEvaluation of current care

Context of careCreate a better overview of rehabilitation for patients, in-
formal caregivers, and health care professionals

Expectations of rehabilitationEvaluation of current care

ImmediatelyHighlight that the model meets the needs of patients, infor-
mal caregivers, and health care professionals regarding
providing a prediction of the outcome

Prediction of outcomesEvaluation of current care

Context of careMake sure the patient's opinion is heard in the decision
process, for example, through shared decision-making

Decision aidEvaluation of current care

ImmediatelyThe target audience of visualizations should be health care
professionals and not patients

Ease of understandingAccessibility

ImplementationDo not limit the use of prediction to the discharge interviewMoment of useAccessibility

ImmediatelyVisualize outcome and feature importance (visualization
version b)

Model preferenceAccessibility

Future researchInclude the general predictive performance of the model,
for example, according to the margin of error

ReliabilityContent of the model

Future researchmRSa score in 3 categories, including the possible function-
al score, measured during hospital stay

RelevanceContent of the model

ImmediatelyClarify the goal of the model (informing patients) to im-
prove adherence

Influence on the care processContent of the model

amRS: modified Rankin scale.

The visualizations were adapted according to the
recommendations. We selected the more “visualized” versions
(see Figures 2B and 3A). Moreover, we focused on HCPs as
our target audience and therefore removed explanations of
well-known abbreviations and concepts, such as the National
Institutes of Health Stroke Scale (NIHSS) score. We also
specified that the moment of use could be the discharge or
family interview and that the goal of the prediction model was
to inform patients. Moreover, we included more detailed

information on feature importance, based on our underlying
model. The adapted visualizations can be found in Multimedia
Appendix 3.

The questionnaire was sent to 16 relevant HCPs in St. Antonius
Hospital, and we received 9 responses. The answers to the closed
questions are summarized in Table 3. For each question, we
have reported scores. Moreover, we have presented the average
score and SD for each section. Negatively phrased questions
(questions 4, 8, and 9) were scored in reverse.
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Table 3. Questionnaire results reported on a Likert scale (0-5).

Score, mean (SD)Questiona

General statements

4.0 (0.5)1. The prediction model matches well with my usual way of working.

3.7 (0.5)2. The prediction model is based on factually correct information.

3.6 (0.5)3. The prediction model offers all the information and materials necessary to work with it properly.

4.1 (0.8)4. The prediction model is too complicated for me to use.

2.9 (0.4)5. I expect that the effects of the use of the prediction model will be clearly visible.

3.8 (1.0)6. I think the prediction model is suitable for my patients.

Advantages and disadvantages

3.8 (1.0)7. The use of the prediction model gives me the opportunity to inform my patients better.

3.2 (0.5)8. The use of the prediction model during discharge or family interviews will cost me more time than usual.

3.9 (0.8)9. I find it too complicated to use the prediction model during discharge or family interviews.

Prediction model and patients

3.4 (0.5)11. I expect that with the prediction model, my patients will be better informed about the expected functional status after 3
months and the duration of rehabilitation.

4.0 (0.5)12. I think it is important to use the prediction model to better inform my patients about the expected outcomes: the func-
tional status after 3 months, and the duration of rehabilitation.

3.6 (0.7)13. I consider it part of my job to use the prediction model.

3.8 (0.4)14. Patients will generally be satisfied if I use this prediction model.

3.7 (0.5)15. Patients will generally be cooperative if I use this prediction model.

Prediction model and colleagues

3.5 (0.5)16. I can count on sufficient help from my colleagues when necessary while using the prediction model.

3.8 (0.7)17. How many doctors who conduct discharge interviews will actually use this prediction model?

3.2 (0.4)18. To what extent will (your fellow) neurologists expect you to use the prediction model?

3.7 (0.5)19. When it comes to working with the prediction model, how much do you care about the opinion of (your fellow) neurol-
ogists?

Application of the prediction model

3.9 (0.3)20. If you wanted to, do you think you would be able to apply the prediction model during the discharge or family discussions?

3.8 (0.8)21. I have sufficient knowledge to be able to use the prediction model.

3.1 (1.1)22. To what extent are you aware of the content of the prediction model?

aQuestion 10 was an open question (What are the other advantages or disadvantages of this prediction model?) and is not included in the table.

We considered statements with a score of ≥3.5 and an SD of
<1.0 to be sufficient to positive, with agreement among HCPs.
Most statements were received as such, and we considered the
general feedback to be moderately positive. Moreover, in all
categories of statements, we noted that most statements were
at least moderately positive with agreement, highlighting that
there is no topic where the prediction model consistently
underperforms. The high scores for “The prediction model
matches well with my usual way of working” (score 4.0), “I
think it is important to use the prediction model to better inform
my patients about the expected outcomes: the functional status
after 3 months, and the duration of rehabilitation” (score 4.0),
and “If you wanted to, do you think you would be able to apply
the prediction model during the discharge or family
discussions?” (score 3.9) indicate a high willingness to
implement the prediction model.

For some questions/statements, the HCPs were not positive on
average (score of <3.5) or were not in agreement (SD ≥1.0).
The statement “I expect that with the prediction model, my
patients will be better informed about the expected functional
status after 3 months and the duration of rehabilitation” had a
score of 3.4. This was just under our set threshold. Interestingly,
the statement “I think it is important to use the prediction model
to better inform my patients about the expected outcomes: the
functional status after 3 months, and the duration of
rehabilitation” had a score of 4.0. It shows that the HCPs, even
when not sure about the positive outcome of use, still found it
important to use the prediction model. The same concern was
highlighted in 2 statements that had high disagreement among
the HCPs: “I think the prediction model is suitable for my
patients” (score 3.8, SD 1.0) and “The use of the prediction
model gives me the opportunity to inform my patients better”
(score 3.8, SD 1.0). This shows consistency with the focus
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groups indicating that there seems to be variety in the extent to
which HCPs are positive about the effects of the prediction
model.

In the other statements that were not positive on average or had
high disagreement, we also noted similar findings that came up
in the focus groups as well. The statement “Iexpect that the
effects of the use of the prediction model will be clearly visible”
had the lowest score of 2.9. This is not completely unexpected
as the model’s primary function is to inform and not provide
decision support. Moreover, the issue of high workload was
reflected in the statement “The use of the prediction model
during discharge or family interviews will cost me more time
than usual” (score 3.2). Lastly, the statement “To what extent
are you aware of the content of the prediction model?” had both
a low score and high disagreement (score 3.1, SD 1.1),
indicating that more detailed explanation and training are
necessary to understand the model.

The statement “To what extent will (your fellow) neurologists
expect you to use the prediction model?” had a low score of 3.2.
This shows that many HCPs would consider the use of such a
prediction model to be more elective. Next to the scaled
questions, we also asked 1 open question “what are the other
advantages or disadvantages of this prediction model?” A big
point of contention was whether the prediction model would be
accurate enough, as certain factors like recovery during the time
in the hospital and mental resilience were not included. A
positive aspect mentioned a few times was that it could also be
used to preinform the rehabilitation clinics for helping with
planning.

Discussion

Principal Findings
This study shows the added value of a prediction model for
long-term outcomes of rehabilitation after stroke in CVA care
under certain conditions. The need for a prediction model was
consistently shown in focus groups and a questionnaire survey,
as evidenced by the general approval of participants. Several
recommendations can be made, most importantly on the
following 5 conditions: primary target, timing of discussing the
predictions, different focuses of HCPs and patients, goal of the
prediction model, and visualization of the model.

First, the primary target audience of the prediction model should
be HCPs. While the information provided is of interest to both
patients and informal caregivers, not all patients can fully
understand the outcomes of the prediction model. This resembles
the findings of other studies that investigated different digital
health tools for stroke patients, which reported complaints of
difficulty [28] or disinterest among some patients [29]. Our
study specifically found that patients prefer HCPs to provide
information and guide them through the visualizations of the
model.

Second, the timing for using predictions should also be
considered. As patients mentioned, it could be more useful when
targeted toward patients at different points in the care process.
Here, it is interesting to see if the model can be simplified, as
was requested by interested patients, and how that should be

offered. Another study on digital health tools for patients with
brain injuries [30] highlighted the importance of user testing
among these patients. This would be a good way to ensure that
the simplified model fits the patient’s needs and understanding.

Third, for HCPs, the reliability and relevance of the model are
key. HCPs focus largely on the reliability and relevance of the
model. It is essential to not only provide good reliability and
relevance but also clearly communicate the aspects to HCPs.
Reliability is essential to validate the performance of the model.
Therefore, changes in outcome reporting were considered to be
more in line with the current care [31]: divide the mRS score
into 3 categories and include predictive factors. By including
the general predictive performance of the model (eg, according
to the margin of error), the reliability can be better
communicated to HCPs. These 2 points of reliability and
relevance are very much in agreement with the guidelines for
the implementation of AI in health care [32,33]. While the
performance and generalizability of the model were not the
focus of this study, they should be properly validated before
model implementation. We found that patients focused more
on the impact on rehabilitation, the emotional aspects, and
understandability.

Fourth, HCPs and patients should understand the goal of the
prediction model. This understanding can improve adherence
and the willingness of HCPs to cooperate, which are essential
for the adoption of the model in practice [32]. This matched our
results, as this was one of the main points of the HCPs in both
focus groups and the questionnaire survey. We aimed to clarify
the goal of the prediction model after the focus groups.
However, the questionnaires showed that the goal of the
prediction model was still unclear to some HCPs, even after a
more detailed explanation in the introduction of the
questionnaire. This could be mitigated by properly informing
HCPs, for example, by providing in-person training or a detailed
demonstration of the model. It is also essential to highlight the
goal of the explainability aspect of the model. The visualizations
showed to what extent certain factors contributed to the model’s
decision, but that did not mean changing those factors would
necessarily lead to a different outcome for the patient. For
example, while the model might assign high importance to a
certain treatment in the prediction of negative outcomes, it does
not mean that not performing this treatment would lead to a
better outcome.

Finally, all participant groups showed a preference for a more
visual model. This matches the general consensus in
visualization science, which argues for presenting numerical
data in simple visualizations, such as bar or pie charts [15]. Our
results showed that this is even more relevant for patients who
have experienced a stroke. However, the visualizations that we
used relied on red and green bars to highlight the importance
of features, which can be an issue for colorblind people [34].
While none of our participants reported issues related to
colorblindness, it should be adapted to a more inclusive
visualization.

Strengths and Limitations
One of the main strengths of this study was the involvement of
different stakeholder groups, including patients, informal
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caregivers, and HCPs, with different roles. Moreover, the double
setup with separate focus groups and questionnaires allowed
for a check of agreement between the results of the different
methods. One limitation to consider is our use of convenience
sampling, which could have skewed the results. People with
very severe stroke or with trouble reading or understanding
were not represented. For HCPs, we mainly included people
who were already open to research and new developments. The
interviews with patients and informal caregivers were performed
several months after the CVA, so their actual responses at the
time of discharge might have been different. Moreover, we used
mock-ups for the visualizations and not “real” predictions based
on actual patient data. Although the visualizations were based
on our existing models and data as much as possible, this was
not a personal prediction. This made the visualizations more
difficult to understand than expected, and the focus groups might
have been more efficient with a functional model based on the
actual patient data.

For the questionnaires, we had a relatively small sample size,
and therefore, we did not perform any statistical analyses. As
there was high agreement among the HCPs and the majority
(9/16) of invited HCPs responded, it is likely they are a
representative sample of the HCP group in the hospital, but we
cannot know this for sure. Moreover, this group did not include
all HCPs involved in stroke care. It is possible that physical
therapists or general practitioners would have a different outlook
on the prediction models, as they might be more involved in
the rehabilitation of patients or involved at a different point in
rehabilitation care. Lastly, this study was limited to a single
hospital in the Netherlands. Differences between hospitals and
especially between medical practices among countries can
impact the generalizability of our results. Combining these
limitations, we would recommend a quantitative follow-up study
based on our questionnaire. Preferably, this should be a
multicenter and international study to confirm the
generalizability of our results outside the confines of our
hospital.

Implications and Future Directions
From this study, we can extract lessons to be considered when
implementing AI in medicine in general. An important aspect
is that the need for information provision is highly variable

between groups as well as individuals. The results of the
prediction model can be highly personal, and similarly, the
needs of a patient and the setting and specific illness of the
patient can be personal. It is essential to clearly define the
purpose of the tool, as there are not only different levels of
understanding but also different priorities. For example, patients
do not always appreciate detailed information, especially if the
information is not actionable but only informative. It is also
essential to consider a model that can have multiple purposes.
A model, such as ours, could also be used for advanced resource
planning in rehabilitation clinics by estimating the future
demand on the clinics and evaluating the effectiveness of the
rehabilitation.

An important point is to investigate how to include patients who
struggle with technology due to language, socioeconomic, or
medical issues. For example, this study excluded non-Dutch
speakers, but HCPs mentioned that language issues could further
complicate explaining the expectations of recovery. This
difficulty in communication should not be increased by a new
technological tool or prediction model. Relying more on
technology can lead to more inequality in care [35], especially
for vulnerable patients, such as stroke patients [32]. One effort
that can prevent such issues is the development of a
comprehensive framework for AI implementation in health care
and the creation of a roadmap for AI implementation. Such
frameworks are being developed [31,33], but none of them are
exhaustive, and having resources that detail considerations for
AI application and evaluation are still necessary to develop AI
with meaningful medical applications [33].

Conclusions
The findings of this study show that participants are generally
positive toward a prediction model for long-term outcomes of
rehabilitation after stroke in CVA care under certain conditions,
with a general preference for a more visualized prediction
model. The prediction model should be geared toward HCPs,
as they can provide the context necessary for patients and their
informal caregivers. For HCPs, good reliability and relevance
of the prediction model are essential for its proper integration.
We recommend a quantitative follow-up study to confirm these
results in multicenter and international settings.
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Multimedia Appendix 1
Guide for focus groups with patients (translated from Dutch).
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Multimedia Appendix 2
Guide for focus groups with health care professionals (translated from Dutch).
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Multimedia Appendix 3
Finalized visualizations (translated from Dutch).
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Abstract

Background: Problem gambling and gambling disorder cause severe social, psychiatric, and financial consequences, and
voluntary self-exclusion is a common harm reduction tool used by individuals with gambling problems.

Objective: The aim of this study was to explore users’ experience of a novel nationwide, multioperator gambling self-exclusion
service, “Spelpaus,” in Sweden and to inform stakeholders and policy makers in order to improve harm reduction tools against
gambling problems.

Methods: Semistructured interviews were conducted with 15 individuals who reported self-perceived gambling problems and
who had experience of having used the self-exclusion service Spelpaus in Sweden. Interviews were transcribed and analyzed
through qualitative content analysis.

Results: We identified 3 categories and 8 subcategories. The categories were (1) reasons for the decision to self-exclude, (2)
positive experiences, and (3) suggestions for improvement. The subcategories identified a number of reasons for self-exclusion,
such as financial reasons and family reasons, and positive experiences described as a relief from gambling; in addition, important
suggestions for improvement were cited, such as a more gradual return to gambling post–self-exclusion, better ways to address
loopholes in the system, and transfer from self-exclusion to treatment.

Conclusions: Voluntary self-exclusion from gambling, using a nationwide multioperator service, remains an appreciated
harm-reducing tool. However, transfer from self-exclusion to treatment should be facilitated by policy making, and loopholes
allowing for breaching of the self-exclusion need to be counteracted.

(JMIR Hum Factors 2025;12:e66045)   doi:10.2196/66045

KEYWORDS

gambling disorder; gambling addiction; behavioral addiction; harm reduction; self-exclusion; voluntary self-exclusion; Spelpaus;
lived experience; human factors; usability; qualitative study

Introduction

Background
Gambling disorder is a behavioral addictive disorder known to
cause severe financial, social, and mental health consequences
to affected individuals [1-3]. Among the harm-reducing or
harm-preventive strategies used against gambling-related harm,

voluntary self-exclusion is a well-established responsible
gambling measure aiming to prevent and reduce the damage
that can be caused by gambling [4].

Through self-exclusion, gamblers can voluntarily suspend
themselves from gambling. However, 1 well-known limitation
of self-exclusion services may be the possibility to gamble with
another operator than the one the gambler has been self-excluded
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from [5]. Gamblers are therefore usually required to self-exclude
from multiple different operators. Consequently, in recent years,
to further prevent gamblers from breaching their self-exclusion,
it has become more common to offer gamblers the possibility
to self-exclude from multiple operators at the same time.

In January 2019, the legislation for the Swedish gambling
market changed, and monopoly was replaced by a
license-regulated market [6]. This regulation meant that
gambling operators, including overseas operators, needed to
apply for a Swedish gambling license to operate on the Swedish
market. In connection to the new regulations, the nationwide
self-exclusion service “Spelpaus” was launched. Gambling
operators with a Swedish license must adhere to this
self-exclusion service, along with a series of other measures for
responsible gambling. Spelpaus offers the possibility to
self-exclude from all gambling operators with a Swedish license
for 1, 3, 6, or 12 months. Self-exclusion cannot be canceled
prematurely, and if the 12-month option is chosen, the
self-exclusion continues beyond the 12 months, unless the
individual actively chooses to cancel it after that period.
Self-exclusion via Spelpaus also prohibits gambling operators
from sending direct advertisements to self-excluded customers.

Spelpaus is in many ways a unique harm-reducing tool since it
is nationwide, covers all licensed gambling operators (both
online and land based), and can be accessed separately from the
gambling operators. Thus, it theoretically represents a novel
harm reduction strategy over and above other responsible
gambling measures. Indeed, theoretically, this system may have
a larger coverage and fewer loopholes (ie, fewer practical
possibilities to turn into other gambling modalities and gamble
despite self-exclusion) compared to a self-exclusion system
involving 1 or few gambling operators. Around 100 gambling
companies have a Swedish gambling license, with most of them
operating exclusively online.

The prevalence of gambling problems in the Swedish population
is estimated to be approximately 0.5% on a diagnostic level and
a total of 1%-2% with at least moderate-risk gambling according
to the Problem Gambling Severity Index [7,8]. Formal treatment
seeking, or treatment provision, is low; less than 1000 people
annually receive a gambling disorder diagnosis in the whole of
Sweden, and even when taking other care providers into
considerations, it can be assumed that only a small minority of
people with a gambling problem on a diagnostic level receive
formal treatment [9]. In contrast, low formal treatment seeking
is often described in gambling disorder; however, a more
informal but still active help-seeking behavior appears to be
common, and voluntary self-exclusion from gambling can be
part of this [10].

In Sweden, around 110,000 inhabitants are enrolled in Spelpaus
[11], a number that has steadily increased since the launch in
2019 [12]. Thus, we believe that an increasing number of people
with problematic gambling are attempting to intervene against
their problem through self-exclusion, although we must consider
that people without gambling problems also choose to
self-exclude.

The steady increase in registrations in Spelpaus indicates that
it is perceived as a helpful tool for many people. However, there

are also limitations in the self-exclusion service, making it
possible to breach the self-exclusion. Such a limitation is that
Spelpaus only covers operators with a Swedish license, therefore
making it possible for gamblers to gamble with overseas
operators outside the Swedish license gambling market. In a
2020 web survey among gamblers, 38% of gamblers stated that
they had gambled with unlicensed operators, while being
self-excluded through Spelpaus [13], and in a later survey in
2022, the corresponding figure was 49% [14]. In another survey,
conducted by the Swedish Gambling Authority, 25% gamblers
stated that they had gambled with unlicensed operators during
their self-exclusion [15]. In addition, continued gambling despite
self-exclusion remains part of the clinical picture in clinical
gambling disorder treatment in this setting [16].

Previous international experience of responsible gambling tools
has demonstrated not only the feasibility of self-exclusion
services and their use by individuals with gambling problems
[4,17,18] but also that users experience limitations of these
services [10,18]. Altogether, previous research calls for more
in-depth examinations of user experience with self-exclusion
services and suggestions for improvement of their effectiveness.
In particular, this is relevant for the present type of
self-exclusion service, which theoretically has been designed
to overcome well-known limitations of older self-excluson
systems; this novel Swedish service (1) is government based
and independent of gambling operators, such that an individual
does not need to enter a gambling site in order to self-exclude;
(2) covers all licensed operators in the country and therefore
prevents the possibility to change between licensed operators
during an ongoing self-exclusion period; and (3) involves both
land-based and online-based operators.

Thus, altogether, the relatively recent introduction of a unique,
large-scale, multioperator self-exclusion service in Sweden has
attracted a large number of users, but it is hindered by the risk
of breaching one’s self-exclusion to an extent that is clearly of
relevance in the treatment setting. Therefore, it is of great value
to study which effects of the Spelpaus service are perceived as
favorable and challenging by its users and to also study this in
more detail than in previous quantitative survey studies.

Aim
Based on the aforementioned research gap, the aim of this study
was to enhance comprehension of the user experience of the
Spelpaus service within the gambling community and to acquire
a more profound insight into the reasons for use of this harm
reduction tool and its advantages and challenges. Thereby, the
overarching goal of the study was to inform policy makers about
potential drawbacks and the potential for improvement of the
harm reduction tool.

Methods

Study Design
This research was exploratory in nature. A semistructured
interview guide was developed to ensure the exploration of
diverse perspectives and experiences related to Spelpaus.
Notably, this study represents the first attempt to
comprehensively examine user experiences of Spelpaus, thus
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justifying the use of qualitative content analysis for its
methodological flexibility. The protocol of this study has been
published previously [19].

An initial interview guide was developed based on the study’s
aim and research questions. A test interview with a peer support
worker who had experience with self-exclusion services was
conducted, leading to refinements of some questions to be more
open ended. Further details of the interview questions are
provided in the study protocol [19].

Context
The study was conducted in Sweden, a country with
approximately 10.4 million inhabitants, where gambling is
prevalent, with around 56% of individuals aged from 16 to 84
years having engaged in gambling activities in the past year.
Moreover, 18% gamble at least once per month. The prevalence
of gambling is higher among men aged 45-84 years, and online
gambling has increased markedly in popularity in Sweden over
the past decade [20]. Problem gambling in the present setting
is predominated by online casino gambling and sports betting,
with online casino gambling representing a large majority of
patients seeking treatment at a gambling disorder facility in
Sweden [16].

Sweden has a license gambling market since 2019, where online
and land-based gambling operators are allowed to operate,
provided they adhere to a number of responsible gambling
regulations, one of which is adherence to the nationwide
Spelpaus service. The legal gambling age in Sweden is 18 years
[6]. After being a more traditional, land-based gambling market,
but with a large predominance of a government-owned gambling
monopoly for many years [21], the Swedish gambling market
was gradually increasingly affected by overseas online operators,
which represented a large proportion of visible gambling
advertising despite their unregulated status [22]. This led to the
decision to liberalize the gambling market into a licensed, but
controlled, market from 2019. Given the new license-based
gambling market since 2019, and thereby the relative recency
of a unique self-exclusion service, the present setting is of
interest to assess the qualities and challenges of such a new
harm reduction instrument.

Potential stakeholders and users of the study’s findings may
include policy makers, public health officials, mental health
professionals, gambling addiction counselors, researchers in
the field of addiction studies, advocacy groups, and individuals
and families affected by problem gambling. The insights
garnered from this research could inform the development of
targeted interventions, public health campaigns, regulatory
measures, and support services aimed at addressing and
mitigating the adverse effects of gambling behavior within the
Swedish population.

Recruitment Process
Criterion sampling was used in the recruitment process.
Participants were selected based on 2 critera: (1) being 18 years
old or older during the time of the interview and (2) having
previous or ongoing experience of using Spelpaus (any
experience was enough, and it was not a requirement that the
self-exclusion be in close temporal association with the

interview). Recruitment was conducted online through social
media advertisements managed by Trialy, a company
specializing in research recruitment. Potential participants
received information about the study and registered their interest
via the Trialy website, completing a short online survey
regarding their age and experience with Spelpaus. Eligible
individuals were contacted by the first author (JT) and provided
with additional study information. They were then sent written
information about the study and about participants’ rights and
asked to sign and return (by mail) an informed consent form.
When written consent was obtained, an interview was scheduled.
Individuals were recruited during spring-summer 2023.

Sample
In total, 13 men and 2 women, aged between 31 and 62 years,
participated in the study, representing various regions of
Sweden. All participants reported either a gambling problem
or identified themselves as being at risk, with prior or current
experience using the Spelpaus self-exclusion service. This
gender distribution aligned with existing research findings on
gambling demographics in Sweden, which indicate a higher
prevalence of gambling-related issues among men [16]. The
gambling types involved in each person’s gambling pattern
were reported. Although the study did not systematically record
whether gambling occurred (and had occurred) in online-based
or land-based settings, the distribution of gambling types
reported by the participants was comparable with the gambling
types typically seen in Swedish problem gambling treatment
settings, where online casino and sports betting is predominant
[16].

Interviews
All interviews were digital (both video and audio) and were
carried out by the first author (JT) of the paper, who has
experience in qualitative interviewing and psychiatric research,
especially in psychiatric research, ensuring a sensitive and
nuanced data collection approach. The interviews were
audiorecorded but not videorecorded and lasted between 23 and
67 minutes. During the interview process, the authors
continuously reviewed and assessed the interviews to discern
recurring patterns. Following the completion of 12 interviews,
the emergence of new categories began to decline. In the final
2 interviews, only categories closely aligned with those
identified previously surfaced. Consequently, the authors made
the decision to conclude recruitment for the study. All interviews
were then transcribed verbatim by the first and second authors
(JT and SH).

As compensation for their time and efforts in the study, all
participants received 2 cinema tickets.

Researcher Characteristics and Reflexivity
Our research team included professionals in psychiatry and
social work, with substantial experience in qualitative research
and interviewing. Throughout the study, we reflected on our
backgrounds and preconceptions, particularly regarding
gambling disorders and harm reduction strategies, and their
potential influence on data interpretation. This reflexivity was
integrated into our coding and analysis discussions to include
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multiple perspectives and thereby to expand our own
perspectives.

To ensure trustworthiness, triangulation was used throughout
the analysis process. Multiple researchers independently coded
the data, followed by discussions to reach consensus, minimizing
the influence of individual biases and ensuring comprehensive
data representation.

Data Analysis
This study used qualitative content analysis as the primary
method for data analysis, chosen for its flexibility in
systematically describing textual data, aligning well with the
exploratory nature of this research. The analysis focused on
manifest content, which involves identifying clear, descriptive
categories that summarize data without deeper interpretive
meanings. As noted by Graneheim and Lundman [23], categories
represent the descriptive level of content and express the
manifest content of the text, consistent with this study’s goals.
We deliberately chose not to identify themes, aiming instead to
capture the descriptive aspects of participants’ experiences, a
recommended approach when focusing on manifest content
rather than latent content [24,25]. Although themes can provide
interpretative layers, we chose not to use them in this analysis,
maintaining a descriptive focus to capture clear, observable

patterns in participants’ experiences with Spelpaus. This
approach reflects the strength of qualitative content analysis in
emphasizing the descriptive aspect without requiring thematic
depth when the aim is to focus on manifest content [23].

The qualitative content analysis followed Graneheim and
Lundman’s [23] approach, focusing on identifying categories
that represented the manifest content of participants’ responses.
Key analysis steps included repeated readings of the transcripts
by 3 authors (JT, SH, and HH), identifying meaning units,
condensing those units, and labeling them with codes, which
were then grouped into categories based on similarities. The
transcribed interviews were read through repeatedly and
independently, and then the material was discussed by all
authors. The content of the interviews related to the aim of the
study was divided into meaning units, which were then
condensed and labeled with codes. Similarities and differences
in the codes were identified before they were divided into
different categories and subcategories (Table 1). All steps of
the analysis process were carried out separately and then
discussed within the group to reach consensus. Various meetings
within the group were held during the analysis process to discuss
the different findings before a consensus about the results was
reached.

Table 1. Examples of the data analysis process.

SubcategoryCategoryCodeCondensed meaning unitsMeaning unit

Prevention of future gam-
bling problems

Positive experiencesSatisfaction with SpelpausThe gambling stop should
really apply to everything.
Because the brain will al-
ways find a way otherwise.
The good thing is that it is a
stop, you cannot just change
your mind. I think that is
important.

“If you should have a gam-
bling stop like this, it should
really apply to everything,
because the brain will al-
ways find a way otherwise.
This is the good thing—that
it is a stop. You can’t make
a phone call, you can’t just
change your mind, because
now it is a stop. I think that
is very important.” [Male
participant, 31 years old]

Addressing loopholesSuggestions for improve-
ment

Suggestion for improve-
ment: to also stop overseas
gambling sites

The downside is that it gives
a little bit of a false sense of
security. When it comes to
certain people who gamble
on other sites, it does not
help anything.

“Well, the downside is that
it gives a little bit of a false
sense of security. At least
when it comes to certain
people...as if you gamble on
other gambling sites...it
doesn’t help anything.” [Fe-
male participant, 35 years
old]

Ethical Considerations
The study was conducted according to the principles of the
Declaration of Helsinki and was approved by the Swedish
Ethical Review Authority (approval number 2022/06933-01,
amendment 2023/01684-02). All participants received oral and
written information about the study and about participants’

rights, prior to signing a consent form. Written informed consent
was obtained from all participants.

Results

Participant Details
A detailed description of the 15 participants is presented in
Table 2.
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Table 2. Background information about the participants (N=15).

Participants, n (%)Characteristics

Social relationships

8 (53)In a relationship

9 (60)Have children

Gambling form

3 (20)Casino

1 (7)Sports betting

0Horse race betting

1 (7)Lottery

2 (13)Casino + sports betting

3 (20)Casino + poker

1 (7)Casino + horse race betting

4 (27)>2 different gambling forms

Enrolled in Spelpaus at the time of the interview

10 (67)Yes

3 (20)No

2 (13)N/Aa

In active gambling at the time of the interview

3 (20)Yes

11 (73)No

1 (7)N/A

Number of times using Spelpaus

4 (27)1

11 (73)≥2

Chosen time interval of self-exclusion

7 (47)12 months

3 (20)1, 3, or 6 months

5 (33)Both of the above

Overseas gambling during Spelpaus

6 (40)Yes

9 (60)No

aNot applicable.

Categories and Subcategories
As shown in Table 3, we identified 3 categories: motivations
and reasons for self-exclusion (including triggers, such as
financial strain and concern for close relationships), perceived

positive experiences (eg, reduced gambling urges and improved
quality of life), and challenges and suggestions for improvement
(notably, breaches through unlicensed gambling sites and lack
of integrated support).
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Table 3. Categories and subcategories.

SubcategoriesCategory

Reasons for the decision to self-exclude • Precipitating factors
• Self-awareness of gambling habits
• Concern for close ones

Positive experiences • Prevention of future gambling problems
• Improved quality of life

Suggestions for improvement • Integrated support systems
• Addressing loopholes
• Practical enhancements

Reasons for the Decision to Self-Exclude
The motivations underlying the choice to use the self-exclusion
service were multifaceted, often encompassing a combination
of factors.

Precipitating Factors
Numerous participants reported specific events that precipitated
heightened gambling activity, ultimately leading to the decision
to self-exclude. Common triggers included winning a large
amount of money and quickly gambling it away, traumatic
family incidents, interpersonal conflicts, financial struggles,
and the onset of the COVID-19 pandemic. For instance, 1 (7%)
participant articulated:

I was facing unemployment without insurance, which
exacerbated my gambling tendencies. Although I
secured employment thereafter, the meager income
did not deter my gambling. The resurgence of
COVID-19 in September restarted my gambling
habits, leading to a downward spiral. [Male
participant, 44 years old]

Additionally, some participants opted for self-exclusion to
prevent the risk of others accessing their gambling accounts as
part of gambling-related criminal behavior. An example of this
was the following interviewee who had a gambling problem
but who also had a family member with a severe gambling
problem:

...At the same time, this has helped us a lot every time
she has wished to gamble on our accounts. [Female
participant, 35 years old]

Another reason to self-exclude was because the individual
wished to facilitate debt settlement, as self-exclusion was a
prerequisite for debt relief applications.

I applied for a debt settlement, but since I did not take
it [self-exclusion] for a year, I did not get it…I would
like to make another attempt for a debt settlement
application, but then I probably have to take a
12-month period [of self-exclusion] as well.

Self-Awareness of Gambling Habits
A prevalent reason for self-exclusion was an enhanced
awareness of one’s gambling behavior. Participants
acknowledged excessive gambling tendencies, albeit with
varying perspectives on whether they had developed a

full-fledged gambling problem or were teetering on the brink
of one. Fueled by these insights, individuals opted for Spelpaus
to forestall further progression into problem gambling or to
address existing issues. As 1 (7%) participant reflected:

I have had a realization, particularly in recent
months...I recognize that I need to address this
behavior before it escalates. [Female participant, 56
years old]

This introspective process often unfolded gradually, sometimes
facilitated by professional guidance or peer support.

Concern for Close Ones
Many participants described the adverse impact of their
gambling habits on loved ones, with 10 (67%) individuals
mentioning that their loved ones had been negatively impacted
to a great extent. Financial strain, deceit, and compromised
relationships were common themes. Some participants lamented
fractured relationships resulting from their gambling, while
others acknowledged the toll gambling took on family bonds
and quality time spent together. One participant expressed:

It is not just about the money lost—it is the betrayal,
the lies...and the time squandered gambling instead
of being with my family that truly stings. [Male
participant, 39 years old]

Although self-exclusion was often an independent decision,
familial influence or shared deliberation with loved ones also
played a role. The following 2 (13%) citations are examples of
this:

The relationship with my parents is starting to get a
little bit better; for many years, it was pretty bad.
They have helped me out with money a lot of times.
Every time I call them, they think I am going to ask
them for money again, so it [gambling] has hurt our
relationship a lot. [Male participant, 44 years old]

If you fail in a game or something, you get kind of
aggressive, depressed, and angry. You also get very
affected emotionally. If you bet on 7 games and 1 of
them fails, you get upset, angry, or sad. It has affected
my close ones the most. [Male participant, 40 years
old]

Positive Experiences
Participants identified several benefits associated with using
the Spelpaus self-exclusion service.
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Prevention of Future Gambling Problems
Self-exclusion was perceived as a preemptive measure to
safeguard against relapse into gambling behaviors. Even
individuals who had not experienced gambling urges for an
extended period recognized the potential for future vulnerability.
By enacting self-exclusion, participants closed the door to
impulsive gambling, thus mitigating the risk of relapse. Several
participants credited the Spelpaus service for preventing
immediate urges to gamble. A couple of the participants who
began gambling again described how they after the end of the
self-exclusion period managed to gamble in a more controlled
way than before.

After the self-exclusion, it was much more under
control. I gambled a lot less, bet smaller amounts…if
I felt I need to limit it now or I have to stop now. When
you feel it is starting to be too much or take too much
time, you feel a little self-control. Then I take a free
weekend or several days free from betting, and after
that, I bet a little, and then it feels like everything is
under control. [Male participant, 40 years old]

Another participant described the partial effect on gambling,
primarily on impulse-driven uncontrolled gambling:

A part of me does not really want to say goodbye and
never gamble again, but I want it to be at a
reasonable level. It is at ATG [Swedish horse-betting
company]. I am staying there. I think I gamble for 96
(Swedish) kronor a week now, but it was still that
break (self-exclusion) that forced me to deal with it
somehow. [Male participant, 55 years old]

Improved Quality of Life
Many participants reported enhanced well-being during the
self-exclusion period. Freed from the grip of gambling,
individuals experienced a newfound sense of calm, happiness,
and control over their lives. Moreover, self-exclusion provided
an opportunity for personal growth and self-improvement,
allowing participants to redirect their focus toward constructive
pursuits, such as physical exercise and social interactions. One
individual reflected:

You can relax because you have given away the
control to something else…once I have chosen to
self-exclude, I cannot do anything about it…and I get
so mentally relaxed, I do not have to think about it at
all anymore. [Male participant, 32 years old]

Financial stability and restored trust within familial relationships
were also cited as positive outcomes, as 1 (7%) respondent
expressed:

My family can tell that I feel better when I do not
gamble. I am happier, more positive, and I do not call
them and ask for help. Of course, they notice a big
difference when I do not gamble. [Male participant,
31 years old]

In addition, the self-exclusion period provided an opportunity
for reflection within the motivational process:

When I had my Spelpaus, I became quite aware of
the problem, so I had a lot of thoughts about the need

to do something about this problem. [Male participant,
40 years old]

Suggestions for Improvement
Participants identified several areas for enhancement within the
Spelpaus self-exclusion service.

Integrated Support Systems
Acknowledging self-exclusion as 1 component of the
multifaceted approach to gambling cessation, participants
emphasized the need for additional support mechanisms. One
participant expressed:

My fear is that when the self-exclusion disappears, I
have not come so far that I will not get stuck in
gambling again…I think it is important that you try
to solve your problems when you are self-excluded.
[Male participant, 43 years old]

Peer support groups, counseling services, and psychotherapy
were deemed vital complements to self-exclusion. However,
participants expressed reluctance to seek out support
independently, underscoring the importance of proactive
outreach and integrated support systems from within Spelpaus.
Some of the participants who considered themselves to be more
at risk of developing a gambling problem expressed that
Spelpaus alone was enough for them.

If you take a year, and you have the opportunity to
end it, then there needs to be some kind of dialogue
before, and some kind of amount limit. [Male
participant, 55 years old]

I think it should be combined with a guaranteed CBT
[cognitive behavioural therapy] or diary where you
write what you feel, what you can do and what you
think you should be able to do. Then of course, in the
best of worlds, group therapy is perhaps even better
than being digital. [Male participant, 55, years old]

Addressing Loopholes
Participants raised concerns regarding the efficacy of Spelpaus
in preventing access to overseas gambling sites. The absence
of coverage for nondomestic operators posed a significant
loophole, enabling some individuals to circumvent self-exclusion
measures. Suggestions for improvement included enhanced
international cooperation and stricter regulations on gambling
advertisements.

Practical Enhancements
Participants proposed various technical and logistical
improvements to Spelpaus, including more flexible and
expanded self-exclusion options, longer time intervals, and a
more deliberative process for ending self-exclusion periods.
Mainly, participants asked for time intervals longer than 12
months. Several participants saw it as problematic to be able to
gamble immediately after the end of a self-exclusion period.
Additionally, participants advocated for heightened demands
on gambling operators to deter relapse and streamline the
self-exclusion process.

The self-exclusion service should be able to be
developed so you cannot access overseas sites…when
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you select it, it should be covering all sites within the
EU [European Union] or something like that…that
you have a self-exclusion service for all of Europe
when you choose it. [Male participant, 62 years old]

The best thing would have been if there was a
self-exclusion site where you are self-excluded from
all gambling…that you have some kind of cooperation
with other countries and everything and that it will
be a stop everywhere. [Female participant, 35 years
old]

Several respondents stated that the possibility of returning to
gambling after the self-exclusion period should still be hindered
or slowed down in order to prevent impulse-related relapses
even after the predetermined self-exclusion period is over. Some
examples of this was an “embargo” period during which
gambling still could not be reopened. Some participants found
themselves waiting to gamble immediately after the
self-exclusion period ended, so they suggested there be some
kind of deposit limit for all clients coming back from
self-exclusion, a mandatory telephone call or other message to
individuals for whom self-exckusion is ending, prohibition of
direct advertising to individuals immediately after a
self-exclusion period, or mechanisms making the risk of
gambling during alcohol influence smaller (eg, through
prohibition of gambling during the night).

One respondent described the need for an embargo period:

After 12 months, you should not be able to cancel it
on the same day; it should be 1, 2, 3 months
notice…otherwise, when 12 months have passed, you
can just gamble without any restrictions. [Male
participant, 32 years old]

Other respondents described the need for other possible
measures to apply in the policy of self-exclusion:

After the self-exclusion ended, the advertising started
coming again. It becomes like a reminder. So one
could simply get going and gamble again! [Male
participant, 31 years old]

There should be some time to think it over when a
client has asked to come back to gambling again.
Some time should elapse, and then the person should
be asked again. After some time, you should be asked
about whether you really want to gamble again. There
are people who get a kick, but after some time, that
feeling migh pass again. [Male participant, 44 years
old]

Discussion

Principal Findings
This study aimed to deepen the understanding of the user
experience of a nationwide, multioperator self-exclusion service,
beyond what is known from recent quantitative research studies
with web panel members and clinical data from patients in
treatment for a gambling disorder. The potential challenges of
a multioperator self-exclusion service have been demonstrated
in surveys, showing that primarily among individuals with
highly intense gambling practices, self-exclusion is popular but

often breached by its users [13,14]. However, advantages of
being self-excluded, and a deeper understanding of how this is
related to the challenges of the method, largely remain to be
understood.

Here, this qualitative study resulted in the description of 3
overarching categories that provide a deeper understanding of
the problem: the main reasons for the decision to self-exclude,
the advantages perceived by the users of this method, and the
users’ suggestions for improvements.

The decision to self-exclude from gambling platforms is often
prompted by a sudden realization of escalating gambling
behavior and a subsequent desire to regain control. Although
the development of a disordered gambling pattern or financial
difficulties were reported to have contributed to the decision to
self-exclude, it was also reported, less expectedly, that
self-exclusion may also be triggered by a wish to prevent another
person from gambling on one’s account. This may be a less
expected reason for self-exclusion and will merit further
investigation, especially in relation to the role of gambling in
criminal behavior. Gambling or conducting financial transactions
using somebody else’s identity may represent one of the features
of a severe gambling problem and also constitutes a criminal
act [26].

Importantly, the role of the gambler’s concerned significant
others emerged as one of the reasons for self-exclusion. This
highlights the importance of further addressing the interplay
between individuals with gambling problems and their close
ones and may also facilitate treatment processes if families of
the affected individual are actively involved. This finding is
consistent with previous research indicating that concerned
significant others can favor treatment seeking and a favorable
treatment outcome in their near ones with gambling problems
[27,28]. In addition, the active participation of partners in the
treatment of patients with a gambling disorder can be beneficial,
both to the outcome of the affected patients and to the well-being
of patients and their partners [29]. Thus, altogether, concerned
significant others appear to play an important role through
different phases of help seeking in individuals with problem
gambling, even in the earlier harm-reducing interventions that
self-exclusion is meant to represent.

Furthermore, the data showed that one reason for self-exclusion
may be the intention to demonstrate one’s willingness to quit
gambling when formally applying for a public service where
this is either required or believed to have an effect favoring the
application process. This type of instrumental decision to
self-exclude in order to obtain specific services or to fulfill
expectations of external decision makers rarely has been
reported in this context before. Whether this happens as part of
an individual motivational process or entirely based on the
requirements from others remains to be studied.

When external factors are cited as a reason to self-exclude,
whether it be the concern of family members or the requirements
from a treatment setting or authority, it can be argued that the
choice to self-exclude does not represent the same decisive step
in a motivational process as it does when an individual
self-excludes based on their own decision to stop gambling in
order to prevent or alleviate symptoms of addiction. Thus, the
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possibly different levels of personal commitment associated
with self-excluding will be relevant to include in the theoretical
framework of self-exclusion in the future.

Overall, many favorable effects from self-exclusion were cited,
despite previous experience where research has highlighted
some major limitations of this service. Previous studies have
been conducted using quite different methodologies, relying on
larger quantitative data sets from online surveys [13,14] and
clinical documentation [16], and where the findings were
primarily the high rates of breaching one’s self-exclusion within
this service. This paper, importantly, adds to the literature
regarding the present type of multioperator, nationwide
self-exclusion service; in previous publications from this setting,
it has been highlighted that the rate of breaching of one’s
self-exclusion is high in people with a gambling disorder [16]
or with intensive online gambling patterns [14]. Here, several
respondents described a large favorable impact on life after
having self-excluded. Therefore, the description of more
favorable experiences from this study provides a valuable
experience, which contributes to the overall picture of this
model, and strongly deepens the understanding of how this
service fairs in affected individuals, over and above previous
analyses conducted with quantitative methodology.

Although self-exclusion offered a respite from gambling-related
stressors, several suggestions for improvements of the system
emerged from the interviews. Participants emphasized the
importance of holistic support systems and regulatory measures
to augment its efficacy as a harm reduction tool. Suggestions
for improvement partly followed what could be expected from
previous web survey studies on gamblers; as many individuals
who self-exclude also struggle with the risk of relapsing on
overseas and nonlicensed gambling sites, users desired further
legislative efforts making it possible to also self-exclude from
other services, including those that are registered outside the
present jurisdiction. Gambling in unlicensed, overseas online
casinos has been reported to be the most common means of
breaching one’s self-exclusion period, as reported in the online
surveys previously conducted here in this setting [13,14]. Thus,
one major implication of this is the political process of how to
exclude unlicensed gambling operators from the gambling
market or to prevent financial transactions to gambling
companies operating abroad. The legal framework and technical
boundaries of this go beyond the scope of this study, but these
findings highlight the need for gambling regulations to stretch
beyond the controlling of the land-based gambling opportunity
within each geographical jurisdiction.

One important and relatively novel suggestion was the linking
between a mere harm-reducing self-exclusion service and actual
therapeutic efforts against the addictive disorder. Importantly,
this would move the purpose of the self-exclusion service from
being an anonymous electronic support tool to actually providing
a conduit to treatment. Treatment seeking in gambling disorder
is known to be low, with several barriers reported [18].
Importantly, it has been reported that despite perceived barriers
against treatment seeking, individuals with gambling problems
may use more informal ways to seek help and not necessarily
formal enrolment into psychotherapeutic treatment. For example,
this may involve access to online advice or other online tools

to facilitate a behavioral change [10]. In that aspect, any degree
of referral from self-exclusion to different degrees of online
support, advice, or treatment may be a way forward to improve
the outcome of a person with gambling problems, over and
above the effect of self-exclusion per se.

Such a system of transferring self-excluding clients to addiction
treatment has not, to the best of our knowledge, been described
in previous literature, and this may suggest a new area of
research. For example, in such a system, it would have to be
considered whether there is a potential barrier against enrolling
in a self-exclusion service if it may, under some conditions,
trigger a personal contact from a gambling operator, from a
public authority, or from a treatment provider. However, it has
been demonstrated that unsolicited motivational telephone calls
to people displaying hazardous gambling habits may be a way
to lower wagering and increase harm-reducing measures [30,31]
and that acceptability of such motivational efforts appears to
be high [32]. Thus, if self-exclusion from gambling would
trigger an outreach effort aiming to improve the individual’s
gambling, it could be argued that this would not require a formal
therapist-guided treatment but possibly may involve a brief,
personalized intervention but with the capacity to refer
individuals to further treatment when needed. Such
individualized, personalized normative feedback has been
suggested to be effective in other treatment or harm reduction
interventions in problem gambling [33,34] and can initiate or
enhance an internal motivational process in affected individuals,
over and above the effects from the sole self-exclusion.

Likewise, another expansion of the self-exclusion tool, as
suggested by this study, would be to slow down the procedure
of opening up gambling opportunities after the self-exclusion
period is terminated. This would also be a novel strategy that
would require further study, but potentially, given the loss of
the control component in gambling disorder, a more gradual
onset of gambling after the self-exclusion period may provide
further possibility to consider one’s choice to gamble and may
reduce the harm potentially associated with a sudden onset of
high-risk gambling. Likely, any tool that slows down access to
online gambling may potentially have a harm-reducing and
relapse-preventing effect [35].

Overall, including the considerations made by interviewees in
this study and their suggestions for improvement, a
self-exclusion service generally appears to be promising and
possible to increase even further. However, the major obstacle
to this method, the risk of breaching one’s self-exclusion through
the use of gambling sites outside of the system, may remain.
Here, one also has to consider the fact that the choice to
self-exclude may cause the gambling patterns upon a potential
relapse to happen on an unlicensed market and thereby with a
lower degree of control than inside a licensed market. Previous
experience, however, has pointed out that in individuals with
extremely intense gambling patterns, such gambling patterns
may happen on many operators, and a limit set upon one’s
gambling in one setting may be followed by gambling on
another site. Still, even when this happens, such as during a
deposit limit imposed during the COVID-19 pandemic in
Sweden, still many clients report such a limit to be favorable
and to have decreased their gambling pattern, rather than the
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opposite [36]. Thus, although a method such as self-exclusion
cannot hinder all types of gambling, it may still have
motivational effects that limit the money lost and limits some
of the consequences even in a high-risk gambling behaviour.

Strengths and Limitations
This study has a number of potential limitations, but given the
novelty of the research topic and the merits of an in-depth
qualitative study design, it also has considerable strengths.
Recruitment via social media advertisements and digital
interviews can be considered as both a strength and a limitation.
The recruitment method enabled recruitment without any
geographical limitations, therefore enabling a wide sample of
individuals with different backgrounds, gambling habits, and
experiences. However, it is possible that advertisements in social
media attract interviewees with slightly different views on and
experiences of self-exclusion from gambling than help-seeking
individuals or individuals currently attending some type of
land-based or online-based gambling venue. In contrast, the
capacity of a qualitative design to identify a range of different
aspects of a behaviour may benefit from this type of broad
recruitment.

Digital interviews may represent another limitation, as these
cannot readily be compared with physical interviews. Small
changes in tone and body language are easily overlooked when
the interview is held online. Meanwhile, the use of digital
interviews in this study substantially facilitated data collection,
widened the possibility to participate from the whole country
rather than only locally, and may have facilitated recruitment
of affected individuals who may not readily disclose their
personal suffering and show up in person in a mental health–and
addicion-oriented research unit. Indeed, challenges, but also
potential advantages, of online qualitative research interview
have been discussed in the research literature in recent years
[37], pointing to the fact that such online interviews can play
an important role in qualitative research.

Another potential limitation is the time aspect; some of the
participants had recent or even ongoing experiences of Spelpaus,
while others had been using it further back in time. Although
this may be seen as a limitation, their information about their

Spelpaus-related experience still is of great value (ie, as their
ongoing or previous experience).

Additionally, the absence of a diagnosis of gambling gisorder
as an inclusion criterion means that assessments of participants’
gambling problems relied solely on self-reported statements
and estimations, which may not capture the full spectrum of
gambling-related issues. This limitation underscores the
possibility that experiences with Spelpaus may vary based on
individuals’ level of gambling problems.

However, this study addressed a novel research issue and has
strengths in a number of aspects. This is, to the best of our
knowledge, the first qualitative study centered around the users’
experiences of the relatively novel and unique nationwide
self-exclusion service. Consequently, it offers updated and
in-depth insights into gamblers’ experiences with Spelpaus,
elucidating its advantages and challenges as a harm reduction
tool.

Conclusion
This qualitative study aimed to deepen the knowledge about
and understanding of a novel nationwide service for
self-exclusion from gambling. This includes the experience of
individuals who have a history of being self-excluded, including
their reasons for self-exclusion and their experience of the
system’s merits and challenges. Based on the interviews, this
study suggests that although breaching one’s self-exclusion
remains a challenge, users of this service also report major
advantages from being self-excluded. Users suggest further
improvements to the self-exclusion model, such as international
collaboration in order to prevent overseas gambling operators
offering gambling outside of the self-exclusion system and also
structured links from self-exclusion to further help and support,
possibly also involving formal treatment. The study provided
new information about self-exclusion and about a broader ranges
of reasons for self-excluding, over and above the reporting of
severe gambling problems (eg, the role of self-exclusion in the
relationship with concerned significant others or to prove
willingness to quit gambling). Several favorable effects from
self-excluding were reported, in addition to a need for clearer
obstacles against going back to gambling once self-exclusion
ends.
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Abstract

Background: Peer support groups or web-based chats for young people offer anonymous peer support in judgment-free spaces,
where users may share their thoughts and feelings with others who may have experienced similar situations. User engagement is
crucial for effective web-based peer support; however, levels of engagement vary. While moderation of peer support groups can
have a positive impact on the engagement of young people, effective moderation can be challenging to implement.

Objective: This study aimed to identify barriers and facilitators to user engagement with, and moderation of, web-based peer
support groups among young people aged 16 to 25 years and to provide recommendations for enhancing this service.

Methods: Drawing upon the Theoretical Domains Framework (TDF) and the Behavior Change Wheel (BCW), this study
conducted qualitative interviews and gathered open-ended questionnaires from service users and moderators of The Mix, the
United Kingdom’s leading web-based mental health platform providing peer support groups for young people. Semistructured
interviews were conducted with 2 service users and 8 moderators, and open-ended questionnaires were completed by 7 service
users. Themes were coded using the Capability, Opportunity, Motivation, and Behavior (COM-B) model and the TDF. The BCW
tools were then used to identify relevant behavior change techniques to improve user engagement in, and moderation of, the
service.

Results: Thematic analysis revealed a total of 20 inductive themes within 10 TDF domains—9 (45%) for engagement and 11
(55%) for moderation. Of these 20 themes, 3 (15%) were facilitators of engagement, 7 (35%) were facilitators of moderation, 4
(20%) were barriers to moderation, and 6 (30%) barriers to engagement. Results suggest that skills, knowledge, beliefs about
consequences, intentions, emotions, and the social and physical environment are important factors influencing service users and
moderators of group chats. In particular, supporting the improvement of memory, attention, and decision-making skills of those
involved; adapting the physical environment to facilitate effective interactions; and reducing negative emotions are suggested to
optimize the value and effectiveness of peer support groups for young people’s mental health for both the service users and
moderators of these services.

Conclusions: The study demonstrates the effectiveness of the BCW approach and the use of the TDF and COM-B model to
understand the influences on behavior in a systematic manner, especially for mental health and well-being interventions. The
findings can be applied to design structured interventions to change behaviors related to the engagement with, and moderation
of, web-based peer support groups and, in turn, improve mental health outcomes for young people.
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Introduction

Background
Young people aged 16 to 25 years are particularly vulnerable
to mental health difficulties [1]. Recent evidence shows an
increase in reported mental health problems for young people
aged 16 to 25 years, particularly following the COVID-19
pandemic [2,3]. For example, in young people aged 17 to 19
years in England, rates of probable mental disorders rose from
17.7% in 2020 [4] to 23.3% in 2023 [5]. Nevertheless, health
care systems and support often overlook the needs of young
people [6]. In the United Kingdom, 75% of young people
experience delays in accessing mental health support, leading
to a worsening of their condition [7].

Web-based mental health communities are a viable option to
bridge the mental health service gap for young people. They
offer anonymous peer support in judgment-free spaces, where
users may share their thoughts and feelings with others who
may have experienced similar situations [8]. Web-based peer
support can be asynchronous or synchronous, providing online
support in a group format, with or without moderation [9,10].
Synchronous or real-time support, such as web-based chats,
provides users with in-the-moment assistance without the delays
that can occur within asynchronous services [11,12]. Notably,
studies have shown the efficacy of web-based peer support
platforms compared to in-person talk therapies [13]. They offer
clinical effectiveness [14] and scalability for public health
impact, enabling outreach to a larger population [13]. Therefore,
there is a strong argument for the use of web-based peer support
platforms for young people as they address key barriers and
hold the potential to enhance mental health treatment by
providing a safe, accessible, and effective means of support.

Despite numerous benefits, studies have also highlighted
challenges to web-based peer mental health support that limit
its effectiveness [15], including varying engagement rates [14].
Low rates of engagement can lead to negative outcomes, such
as perceived exclusion and isolation [16], whereas high rates
have been found to improve young people’s mental health [17].
Effective moderation of web-based, user-led mental health
services has been found to improve user engagement [18].
However, there are few studies examining user engagement in,
and moderation of, synchronous web-based peer support groups,
especially capturing the perspectives of both service users and
moderators [11,19]. Service users, with their lived experience
of giving and receiving support, can offer valuable insights and
suggestions for improving these platforms. Moderators, due to
their proximity to users and responsibility for supporting positive
interactions, safety, and engagement [14], may have practical
insights to enhance platform effectiveness [20]. A systematic
examination of these behaviors from different viewpoints would
enable the identification of tailored intervention strategies to
improve moderation of web-based peer support services and

enhance user engagement. Using the Behavior Change Wheel
(BCW) [21], this qualitative research study investigates the
barriers and facilitators to user engagement and moderation for
web-based peer support groups among young people aged
between 16 and 25 years and then proposes tailored strategies
for optimization.

User Engagement in Web-Based Peer Support
Digital health research has defined user engagement as the extent
and subjective experience (characterized by attention, interest,
and affect) of use [22]. Studies measure engagement in terms
of use time, log-ins, or module completion [23,24], with
approximately 60% of studies measuring attendance alone to
assess engagement [25]. However, although passive involvement
or observational participation in web-based peer support groups
has recognized benefits [26], considering only attendance falls
short as it omits active participation and interaction, which
fosters the sense of community and support unique to this
service. Therefore, this study considers engagement in the
broader sense, incorporating any observable written contribution,
such as comments expressing thoughts and feelings or support
for others. This inclusive approach captures subjective
experience, aids barrier and facilitator identification, and can
inform interventions for enhanced meaningful engagement.

Previous research highlights key barriers and facilitators to
young people’s engagement with digital mental health
interventions and services [27,28]. Barriers include interventions
that are perceived as unappealing or unhelpful, technical issues,
privacy concerns, and young people lacking time or
remembering to use the intervention. Facilitators include the
personalization and flexibility offered by digital interventions,
along with effective design, usability, opportunities to build
connections, and the potential for a rewarding user experience
[27,28].

However, there is a gap in research examining influences on
young people’s engagement in synchronous web-based peer
support groups for mental health. Barriers and facilitators are
likely to differ from those in other digital mental health services,
as peer-to-peer support is viewed as less stigmatizing and more
relatable [29]. In addition, synchronous interactions have a
different pace compared to other formats [11]. Recent research
focusing on peer-to-peer chats has centered on moderators’ roles
without including service user voice [30].

Moderation of Web-Based Peer Support
Moderation involves managing content, safeguarding, and
providing support to users when needed [18]. It can be carried
out by health professionals or trained volunteers [19]. Effective
moderation has been found to have a positive effect on user
engagement and has also been helpful in preventing “toxic”
web-based settings [18]. Negative effects of web-based
platforms such as trolling and stalking may also be prevented
by effective moderation [16]. In web-based chat groups and

JMIR Hum Factors 2025 | vol. 12 | e64097 | p.530https://humanfactors.jmir.org/2025/1/e64097
(page number not for citation purposes)

Ananya et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


discussion forums, moderators ensure adherence to group
guidelines to enhance user safety and prevent service users from
becoming overly dependent on one another [31,32].

There has been limited research on the moderation of web-based
mental health interventions [19]. Synchronous group settings
pose distinct challenges as they require real-time monitoring of
the chat and interaction between peers and moderators. In a
recent study, Deng et al [30] explored moderation of peer
support for a web-based mental health community. In this study,
although moderators were qualified mental health professionals,
they experienced challenges, such as dealing with emotionally
triggering problems or hostile users. In a similar environment,
Saha et al [33] highlighted challenges, such as a lack of concern
for moderators’ well-being and moderators’ uncertainty about
when to intervene. However, the services examined in these
studies were not specifically designed for young people. Thus,
there is a need to understand moderation and, importantly, how
to enhance it, particularly in the context of real-time group chats
for young people moderated by young volunteers, in a way that
is structured and rooted in theory.

To address these research gaps, this study triangulates moderator
and service user perspectives using a theoretically based
behavior change approach, providing a comprehensive
examination of user engagement and the moderation process in
synchronous web-based mental health peer chats. The BCW
provides a systematic and comprehensive framework to enhance
understanding of behavior and support the identification of
linked, relevant behavior change techniques (BCTs) to address
the identified barriers and optimize group chat engagement [21].

BCW Framework
The BCW comprises interconnected tools to guide
decision-making and facilitate the systematic development and

evaluation of behavioral interventions [21]. At its center lies
the capability, opportunity, motivation, and behavior (COM-B)
model of behavior, which supports the identification of the
barriers and facilitators to a behavior (Figure 1 [21]). Capability
refers to an individual’s physical as well as psychological
capacity to perform a specific activity. Motivation is the
cognitive processes that drive human behavior. Finally,
opportunity refers to external factors that are outside the
individual and may facilitate behavior.

The components of COM-B can be further elaborated into 14
domains using the Theoretical Domains Framework (TDF),
providing a more granular understanding of the influences on
behavior [34,35]. In the next layer of the BCW are intervention
functions, which are the broad categories of means by which
an intervention can change behavior. The outer layer consists
of policy categories to support long-term, system-wide
implementation.

The Behavior Change Techniques Taxonomy (BCTT) comprises
93 observable and replicable BCTs. The BCTT is a reliable
method for specifying, interpreting, and implementing BCTs,
which are considered “active ingredients” to facilitate behavior
change either alone or in combination [36]. Expert consensus
allows for mapping of the COM-B and TDF domains to
intervention functions and corresponding BCTs, guiding
appropriate strategies for change [37].

The BCW approach has been successfully applied in previous
research to understand the barriers and facilitators to the use
and delivery of digital mental health platforms for young people,
including webchat counseling [28,38] and moderation of
self-harm content in web-based discussion boards [39].
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Figure 1. The Behavior Change Wheel and Theoretical Domains Framework (TDF) (adapted from Michie et al [21]).

This Study
Given the lack of research in this area, this qualitative study
systematically explores the barriers and facilitators to the user
engagement and moderation of synchronous web-based peer
group chats for young people and proposes evidence-based
strategies for improvement. Data were gathered from
open-ended questionnaires and in-depth, semistructured
interviews with young service users and moderators of The Mix,
a web-based mental health support service for young people
aged <25 years. Using the BCW [21], the following research
questions were addressed:

1. Using the COM-B and TDF, what are the barriers and
facilitators to young people’s engagement in web-based
peer support groups?

2. Using the COM-B and TDF, what are the barriers and
facilitators to moderation of web-based peer support groups?

3. Using the BCTT, what strategies can be used to improve
user engagement in, and moderation of, web-based peer
support groups for young people’s mental health?

Methods

Participants
This study collected data from service users and moderators of
The Mix, the United Kingdom’s leading digital mental health
support service for young people aged <25 years. The Mix offers
free mental health support, including a helpline, phone and
webchat counseling, crisis support, discussion boards, and
moderated live group chats. These synchronous group chats are
freely available for young people aged 13 to 25 years. Table 1

summarizes the peer-to-peer mental health group chats of The
Mix analyzed in this study.

The Mix circulated a poster to moderators (total population of
52) and service users to promote participation. Interested
participants contacted the researcher through email, and their
involvement was entirely voluntary. As shown in Table 2, a
total of 2 service users were interviewed, and a further 7 service
users completed an open-ended questionnaire about their
engagement. A total of 8 moderators (n=5, 63% staff and n=3,
38% volunteers) participated in interviews about moderation.
Of these 8 moderators, 4 (50%) staff members and 1 (13%)
volunteer also completed a separate interview about user
engagement. As this was a qualitative study, it aimed to gather
rich and detailed data from participants, similar to previous
studies in a similar context [38,39], rather than to achieve a
representative sample.

All moderators were women, while most of the service users
were either women or did not self-identify their gender, with
the exception of 1 man and 1 nonbinary service user. Moderators
were aged between 19 and 30 years, and service users were
aged between 18 and 24 years (Table 2). Moderators were
involved with The Mix ranging from 6 months to as long as 8
years and worked for 1 to 2 hours per week.

Semistructured interviews, based on the TDF, were conducted
via the Microsoft Teams platform and transcribed for analysis.
The interviews lasted between 30 to 60 minutes each and were
designed to gain in-depth service user and moderator insights
into experiences of group chats regarding peer interactions,
structure of the chats, and feelings about contributing. Questions
included, for example, “How long do you spend on The Mix’s
chat per week?” and “How do other people in the group chat
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make it easier or more difficult for you to share your thoughts,
feelings and experiences or support others with theirs?”
Questions for moderators only included the following: “How
do other people influence how you contribute to the moderation
of posts on the group chats?”

For user engagement only, participants were offered the
alternative option to complete an open-ended Microsoft Forms

questionnaire to combat any difficulties young people felt in
expressing themselves in an interview and may have hindered
participation [28]. The questionnaire included 5 open-ended
questions, exploring what made it easier or harder for users to
share their experiences, what influenced their decision to
participate or not, and what changes they would make to the
chat if given the opportunity.

Table 1. The Mix’s peer-to-peer mental health chat groups.

ModerationPrivacyParticipationStructureParticipants, nDescriptionGroup chat type

Moderated by trained
young volunteers and
staff

No sign-up required,
no password protec-
tion

Active participationOpen discussionsVariablePeer support for men-
tal health struggles

Support chat

Moderated by trained
young volunteers and
staff

Password protected,
full session attendance

Sign up to receive
support or as a “lis-
tener”

Rotating support
and sharing

≤5More intimate setting,
where everyone takes
turns to obtain support
while the rest of the
group listens

Support circle

Table 2. Participant information.

GenderAge (y)DataParticipant

Man24InterviewSU1a

Nonbinary18InterviewSU2

Did not self-identify18-25QuestionnaireSU3

Did not self-identify18-25QuestionnaireSU4

Woman18-25QuestionnaireSU5

Woman18-25QuestionnaireSU6

Did not self-identify18-25QuestionnaireSU7

Did not self-identify18-25QuestionnaireSU8

Did not self-identify18-25QuestionnaireSU9

Woman28Interview (engagement and moderation)MS1b

Woman30Interview (engagement and moderation)MS2

Woman24Interview (engagement and moderation)MS3

Woman26Interview (moderation)MV4c

Woman24Interview (engagement and moderation)MV5

Woman19Interview (moderation)MV6

Woman23Interview (moderation)MS7

Woman22Interview (moderation)MS8

aSU: service user.
cMS: moderator staff.
dMV: moderator volunteer.

Data Analysis
Data were thematically analyzed using the 6-phase process
developed by Braun and Clarke [40]. NVivo (Lumivero) and
Excel (Microsoft) were used as analytical tools. The initial stage
involved gaining familiarity with the transcribed interviews. A
deductive coding approach was adopted initially, which involved
reviewing items of data from the transcripts and questionnaires
and organizing them into the TDF domains, providing a “start

list” [41,42] of themes to be categorized as barriers or
facilitators. The process was repeated using an inductive analysis
to generate specific subthemes within each TDF theme. These
subthemes were then reviewed, defined, and included in the
codebook [43]. A codebook was developed to facilitate coding
and was iteratively updated. As new data were added to TDF
domains, facilitators and barriers were modified, expanded, or
recategorized using the constant comparison method to identify
patterns and variations within the dataset [44]. Triangulation
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was completed with data from both service users and moderators
to explore consistencies and contradictions in influences on
young people’s engagement with group chats. Reflexivity was
prioritized to ensure openness and challenge in interpretations
[45]. To ensure coding reliability and validity, 2 researchers
independently cross-coded 1 transcript; a reliability check was
conducted, and agreement was reached on any discrepancies.

Following data analyses, the coded TDF barriers were mapped
to corresponding intervention types, using the BCW, and then
specific BCTs were selected using the links specified in Cane
et al [46] as well as the more recently developed Theory and
Techniques Tool [47,48]. The selection of the relevant and
appropriate intervention types and BCTs was informed by an
appraisal of the affordability, practicability, effectiveness and
cost-effectiveness, acceptability, side effects, and equity criteria
[21]. This approach has been used in a multitude of studies
[49,50] to evaluate intervention strategies. The selection of
policy options was out of scope because the study was focused
on a single organization rather than system level. Finally, the
BCTs were operationalized, and intervention strategies were
proposed based on a review of previous literature.

Ethical Considerations
Low-risk ethics approval was obtained from the University
College London Ethics Committee (Z6364106/2023/03/149
social research, 25069/001). Participant information and a
consent form were provided to interested parties to sign digitally
and confirm consent. Participants were advised that participation
was completely voluntary and they could withdraw at any time,
up to 4 weeks after their data were collected. As reimbursement
for the interviews, participants were given a £10 (US $12.45)
voucher. Questionnaire respondents could opt into a lottery
prize draw to win 1 of 2 £10 (US $12.45) vouchers by providing
their email address. To protect participant privacy and
confidentiality, data were fully anonymized.

Results

Overview
Table 3 sets out the themes identified as both barriers and
facilitators to user engagement and moderation. These are set
out according to both COM-B and TDF frameworks.

JMIR Hum Factors 2025 | vol. 12 | e64097 | p.534https://humanfactors.jmir.org/2025/1/e64097
(page number not for citation purposes)

Ananya et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Table 3. The COM-Ba and TDFb themes and subthemes for user engagement and moderation.

Moderation subthemesUser engagement subthemesCOM-B and TDF themes

Psychological capability

Cognitive and interpersonal skills •• Developing skills (facilitator)Difficulty expressing feelings and needs (barrier)
• Skills to listen and validate (facilitator)

—cKnowledge • Understanding the guidelines (facilitator)

Memory, attention, and decision-
making

•• Responding quickly in complex situations (barri-
er)

Memory recall of guidelines (barrier)

—Behavioral regulation • Holding back on advice (barrier)

Reflective motivation

Beliefs about consequences •• Impact of moderation (facilitator)Judgment and confidentiality concerns (barrier)

—Social and professional role and
identity

• Congruence between social and professional
identity (facilitator)

Intentions •• Intending to shape young people’s perceptions
(facilitator)

Wanting to support others (facilitator)

Automatic motivation

Emotions •• Distressing subject matter (barrier)Fear and anxiety (barrier)

Physical opportunity

Environment, context, and re-
sources

•• Organizational resources (facilitator)Overload and lack of structure (barrier)
• Lack of visual cues (barrier)

Social opportunity

Social influences •• Support offered (facilitator)Similarity and familiarity (facilitator)
• Integration of new users and gaps in support

(barrier)

aCOM-B: Capability, Opportunity, Motivation, and Behavior.
bTDF: Theoretical Domains Framework.
cNot applicable.

Young People’s Engagement
As shown in Table 3, a total of 9 barriers and facilitators were
identified as subthemes across 7 domains of the TDF. Themes
were mainly consistent across support chat and support circle
responses, but a small number of differences arose between the
2, and these are indicated, where relevant, in the following
subsections.

Cognitive and Interpersonal Skills (Psychological
Capability)

Difficulty Expressing Feelings and Needs
Several service users and moderators described the difficulty
users face in expressing their emotions and thoughts, which can
prevent them from opening up in the chat. Subthemes are
described below, together with illustrative quotes. Service user
quotes are indicated by “SUX,” volunteer moderator quotes are
indicated by “MVX,” and staff moderator quotes are indicated
by “MSX,” where “X” is the participant number, to identify

each participant as per Table 2. One user commented the
following:

[What makes it more difficult to open up is] not being
able to express myself about feelings. [SU8]

Moderators also noted that vague statements about one’s
emotional state without specific requests for support may be a
barrier to others’ engagement, as they provide insufficient
guidance for other users to offer relevant support. For example,
one user stated the following:

I think it depends on how someone phrases the
question...if they’re sort of saying, “And I’m feeling
really low today” or “And I can’t do this anymore,”
like some of those trickier comments. [MV5]

Skills to Listen and Validate
Both moderators and users identified that having skills to
effectively validate and listen to others facilitated peer support
and engagement. One moderator noted the following:
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The people that tend to offer the most peer support
are those that...know how to validate someone’s
experiences. [MS1]

Users described how they did this, with one user stating the
following:

Everyone listened and waited their turn...I listened
to others, and they encourage people waiting their
turn to help others. [SU6]

Personal experiences that related to others’ struggles made it
easier to connect and offer support, but 1 user stated the
following:

There are some situations where I can’t exactly
relate...so I stay quiet. [SU5]

Memory, Attention, and Decision Processes
(Psychological Capability): Memory Recall of
Guidelines
Difficulties in absorbing, retaining, and applying guidelines
posed a significant barrier to a couple of users. Users indicated
that they struggled to remember guidelines due to content
volume, distractions, and cognitive limitations, impacting their
ability to engage. Even long-term users found it challenging,
with 1 individual expressing the following:

I can’t actually remember what [the guidelines are].
They’re very basic from what I do remember. [SU1]

Mental health crisis situations further exacerbated guideline
oversight, leading some users to unintentionally deviate from
the chat’s intended mode of engagement in the moment.
Moderators noted that this issue was worsened by some users,
particularly regular ones, who found the guidelines unengaging
and tended to ignore them.

Beliefs About Consequences (Reflective Motivation):
Judgment and Confidentiality Concerns
This was a barrier revolving around young people’s
apprehensions about being judged, misunderstood, or facing
negative reactions when sharing personal thoughts and
experiences, particularly in the presence of new members. One
participant stated the following:

Some people feel like a new person may judge more
or less or may be offended more or be offended less.
So [withdrawing] very much sort of safeguarding
themselves, protecting themselves, and protecting
others. [SU1]

This could also lead users “to not give too much information”
(SU7). Similarly, a moderator highlighted concerns about users
fearing judgment, with 1 moderator stating the following:

...judging that person for talking about that cause I
think that’s probably what they worry about quite a
lot. [MV5]

Both moderators and users mentioned concerns about
confidentiality, giving examples of where their privacy was
violated by other members, leading to negative consequences.
As a result, they became hesitant to share. One moderator stated
the following:

Some members also worry confidentiality will be
broken so they don’t open up in fear of the police
being called. [MS2]

Intentions (Reflective Motivation): Wanting to Support
Others
Overall, the intention to create a supportive environment was
a facilitator, which motivated users to engage to support others.
One user expressed the following:

Most of the time, I try my best to offer support and be
there for the person too. I just want people to be able
to open up to me, and when they do, I try to be a good
friend. [SU2]

However, moderators were concerned that some users may
prioritize self-support, limiting their involvement in supporting
others and welcoming newcomers. One moderator stated the
following:

Often times, the young people are so busy sharing
their own experiences that they don’t make enough
space to support others who may be going through a
similar thing. [MS1]

Emotions (Automatic Motivation): Fear and Anxiety
A frequently mentioned barrier by both users and moderators
related to the user’s fear of being perceived as a burden by
sharing their thoughts, feelings, and experiences. One user
expressed the following:

As for not opening up so much that’s more when I
feel like I’m a burden and not wanted, but that’s me
not The Mix. [SU4]

Users identified that “Worrying what people think” (SU7) in
terms of oversharing or repeating themselves caused them to
hold back or stop sharing altogether. Another user shared similar
sentiments, noting that opening up more “doesn’t really make
me feel better, it just makes me anxious and guilty” (SU2).
These feelings of self-doubt and anxiety hindered users from
fully opening up and receiving the support they needed.

Environmental Context and Resources (Physical
Opportunity): Overload and Lack of Structure
A barrier identified by almost all participants was the lack of
structure and organization within the support chat, especially
during busy times. This could result in confusion, overwhelm,
and a sense of disorganization. Users sometimes struggled to
fully engage and provide or receive support effectively because,
as 1 user said, “When you have a lot of people, you do get to a
point where you do have like five, ten different conversations
going on, all different levels of importance so it does get a bit
confusing” (SU1) and “It can be hard to type that fast” (SU6).
One moderator added the following:

It can be hard for someone to post, and their message
may get missed. [MV5]

Another user highlighted the following:

Support Chat needs to be more organized...The way
it currently is...stresses me out, I find myself leaving
midway most of the time. [SU9]
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Social Influences (Social Opportunity)

Similarity and Familiarity
The presence of individuals who had experienced similar
situations or who were known to each other was highlighted by
moderators and users as helping foster a sense of belonging and
encouraging engagement. One user noted the following:

It helps that there are people who know what you’ve
been through, so you don’t feel alone. It makes you
feel more comfortable to open up. [SU1]

It was seen to be “Easier to have people with similar problems
and get ideas surrounding mental health teams etc.” (SU3).
Several long-term users also highlighted that regular
participation by both users and moderators builds trust and
familiarity, facilitating engagement. One user stated the
following:

Because we’ve been with [the moderators] for some
time, they understand our situations a little bit more
so it makes it easier for us to open up to them and...we
can trust them. [SU5]

Moderators shared similar insights, noting that regular users
“feel quite attached to the moderators, so they’ll leave support
circle and join support chat for a bit and then come back”
(MV5).

Integration of New Users and Gaps in Support
A frequently mentioned barrier by several members and most
moderators related to how some regular users tended to chat
among themselves or with the moderators, making it difficult
for new users to integrate into the group. This could lead to new
users feeling like outsiders and being less likely to engage. One
user stated the following:

When I first started coming to circle, it was very
awkward for me because the other people in there
had been doing it a lot longer and I felt like a bit of
an outsider. [SU5]

New users described not receiving responses to messages, which
seemed to have a notable impact on them. One of them stated
the following:

What prompts me to withdraw is when some of my
messages get ignored. I know it’s not on purpose but
it kind of makes me feel unwanted. [SU4]

This was a theme that was also recognized by multiple
moderators as a deficiency in social support.

Moderation
As shown in Table 3, a total of 11 barriers and facilitators were
identified as subthemes across 10 domains of the TDF. The
following paragraphs describe the themes in more detail, along
with selected quotes.

Cognitive and Interpersonal Skills (Psychological
Capability): Developing Skills
Most moderators discussed how they developed their skills over
time through a continuous learning process, which helped them

become more effective and refine abilities such as active
listening and conflict management:

But it’s like a continuous learning process, so I
wouldn’t say they give you kind of training at the
beginning of you know, how to be an active listener
and how to give that specific type of support. [MS1]

Observing and practicing moderating also helped develop the
necessary skills for moderation. One moderator expressed the
following:

I think a lot of it is just sort of the exposure and just
sort of the repeated attendance of chats and you sort
of build, you work out sort of what things you’ve said
have gone down well. [MS7]

Knowledge (Psychological Capability): Understanding
the Guidelines
Knowing and understanding the guidelines and procedures laid
out by The Mix was a recurrent enabling theme of moderation,
mentioned by all moderators, facilitating the identification of
what is and is not deemed inappropriate. One moderator
expressed the following:

And then the handbook also has things around the
tech side of things, so using the platform how to use
the moderator functions as well, so we’re able to mute
people. We’re able to freeze them and then remove
them from the room as well. [MS3]

The guidelines were also particularly helpful for directing
individuals at risk through appropriate safeguarding procedures.
One moderator stated the following:

“It’s got things from and sort of managing young
people that come in who are in crisis. So many kinds
of questions to ask safely within the room and the
kind of signpost we can give. [MS2]

Memory, Attention, and Decision Processes
(Psychological Capability): Responding Quickly in
Complex Situations
The complexity of group chats acted as a barrier for most
moderators, presenting challenges by their fast-paced nature
and situations that moderators may not have come across before.
Attentively responding to the chats becomes challenging. One
moderator expressed the following:

But there’s only so fast you can type, and only so
many conversations you can kind of have going on
at once that you can’t talk to everybody. [MS8]

In addition, dealing with novel or gray situations caused
confusion about what is acceptable in the chat and what is not,
making decision-making difficult. One moderator stated the
following:

There’s still some situations that catch me off guard.
You know, some people saying things that I’ve not
come across before, experiencing things that I’ve not
come across before. [MV5]
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Behavioral Regulation (Psychological Capability):
Holding Back on Advice
Having a natural inclination to offer advice made it difficult for
some moderators to self-monitor their responses. Going against
instincts and refraining from giving advice when young people
shared their problems required self-monitoring of behavior. One
moderator expressed the following:

It is like to go against that nature and leave it open
to the room to support each other and not give advice.
[MS1]

As moderators found it difficult to hold back, effective
moderation became challenging. One moderator stated the
following:

We can’t give medical advice, it’s tough...we
shouldn’t really be saying (giving advice) to someone.
[MV5]

Belief About Consequences (Reflective Motivation):
Impact of Moderation
Overall, the perceived outcome of moderation for young people,
as understood by moderators, facilitated their moderation.
Moderators had different beliefs on the impact that moderation
had on young people. Some believed that moderation helped
create a safe space. One moderator expressed the following:

I think young people find it really reassuring to have,
like, moderators there because there’s a lot of online
support spaces, but they’re not always moderated or
kept safe. [MS2]

Some moderators felt that young people could feel left out and
unsupported. One moderator stated the following:

And sometimes the young people can feel like the
moderators are not responding to them. [MS3]

The vast coverage of the impact of moderation was also
highlighted by moderators. One moderator expressed the
following:

I think you do notice the impact because it covers
everything OK, like mental health is the main domain.
But it’s also like everything like education, careers,
drugs and alcohol. Just like everything that someone
could be going through. So I think you do notice a
wider impact. [MV4]

Social or Professional Role and Identity (Reflective
Motivation): Congruence Between Social and
Professional Identity
The alignment of personal values and social identity with the
professional role of a moderator facilitated moderation for all
moderators. One moderator expressed the following:

I love volunteering and I love working in a church in
the voluntary sector and working with charities. So
and I like working with young people. A lot of my
work has been with young people. So and yeah, I think
it does. It does fit in that respect personally. [MS3]

The role of a moderator aligned with the identity that moderators
had built for themselves. One moderator stated the following:

I also work in mental health in my 9 to five job, so
that really helps and that’s why I wanted to start it
in the first place because I started the chat at
university and I was trying to broaden my experience
working with people with mental health conditions.
[MS7]

Intentions (Reflective Motivation): Intending to Shape
Young People’s Perceptions
Some moderators expressed a deliberate intention to shape and
manage young people’s perceptions and expectations of the
chat. One moderator expressed the following:

I’ve tried over the years to change the young peoples’
perception of what the chat should be used for, I think
that in the spirit of trying to make it more of a group
conversation like a group chat. [MS1]

This intention served as a strong facilitator for moderators. One
moderator stated the following:

So I guess how we manage those situations, yeah, we
can warn community members like, we encourage
them to take a step back and let the moderators
manage the situation. And yeah, we always let them
know like they might be removed from the room if
they don’t like, listen to us. [MS2]

Emotion (Automatic Motivation): Distressing Subject
Matter
Most moderators identified that topics discussed in group chats,
such as self-harm and suicidal thoughts, could take an emotional
toll on moderators and cause stress and exhaustion. One
moderator stated the following:

The topics that are being discussed are quite
distressing. Examples are feeling very, very low and
sometimes it becomes a bit of an echo chamber of you
know, they’re all talking about feeling like they want
to end their life or feeling like self-harming. [MS1]

These topics also gave way to discussions about the larger
mental health ecosystem and evoked concern among the
moderators for the young people. One moderator expressed the
following:

Hard when you see them struggling. And so yeah, I
think when that happens, you like worry quite a lot
and it does kind of be on your mind for like a few
days. [MS2]

These distressing thoughts and related feelings inevitably acted
as a barrier for moderators.

Environmental Context and Resources (Physical
Opportunity)

Organizational Resources
The multitude of resources provided by The Mix was
appreciated by all moderators. These encompassed guidelines,
debrief forms, newsletters, and more, helping them moderate
effectively. One moderator stated the following:
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It really helps to have that handbook there to walk
you through those guidelines and how to respond.
[MS3]

Moderation was facilitated through the ready availability of
these resources, providing moderators with content that could
be used in the chat. One moderator expressed the following:

And we have our Mod handbook which is really
helpful in terms of giving us like example messages
to pop in the group chat and to manage certain
situations. [MS7]

Lack of Visual Cues
Working in a web-based environment meant that moderators
had to work without any visual cues, such as facial expressions.
One moderator stated the following:

I think moderating is quite a unique task...especially
when it’s online.[MS2]

This absence made it difficult for moderators to gauge the
intensity of young people’s emotions and thus required extra
effort and attention, which could be a barrier for some
moderators. One moderator expressed the following:

I guess you have to put a bit of extra effort into that
because you don’t have the visual cues of like,
nodding and all that stuff. [MS1]

Social Influences (Social Opportunity): Support
Offered
Support offered during and after moderation (eg, support from
supervisors and emails checking up on moderators) acted as an
enabling influence. All respondents had an overwhelmingly
positive response toward the support that they received from

their supervisors and believed that this support helped them
moderate. A respondent stated the following:

[The Mix] never makes you feel unappreciated. Like
we get quite regular emails of just a reminder that
you’re all doing really good things...and I think yeah,
when you have had a difficult chat and sort of things,
they’re feeling a bit hard, just things like that really
make a difference. [MS7]

In addition, volunteers reported that the presence of a supervisor
in the chats made moderation easier. One moderator stated the
following:

The moderator would flag it to the supervisor on shift
and just say you know ohh it looks like these two are
having a bit of a disagreement. What should we do?
[MS1]

One moderator expressed the following:

They are really understanding about wanting someone
else to step in with a conversation that hits too close
to home or needing 5 mins to yourself during the
session. There is also a debrief form and if I say
anything I felt unhappy with, they always chase it up
to check on me or ask if I want more training in the
area. [MV6]

BCTs to Address Barriers
To optimize user engagement, Table 4 presents the BCTs
identified to address the core barriers and enhance the
facilitators, along with examples.

Table 5 shows the potential intervention types along with the
corresponding BCTs to overcome the identified barriers to
moderation.
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Table 4. Barriers to engagement and strategies for change.

Operationalization of BCTsPotential BCTsbIntervention typesBarrierTDFa domain

Self-reflection worksheets: provide optional
worksheets with guidance on identifying emo-
tions and the support needed before users’ par-
ticipation in the group chat.

Instruction on how to perform

a behavior (4.1c); behavioral
practice/rehearsal (8.1)

TrainingDifficulty expressing
feelings and needs

Cognitive and inter-
personal skills

Group agreement (in the support chat): collec-
tively agree to abide by principles and behaviors
aligned with the guidelines at the start of the
support chat.

Commitment (1.9)EnablementMemory recall of
guidelines

Memory, attention,
and decision process-
es

Reminders: implement periodic reminders or
prompts about the chat guidelines to reinforce
their importance and improve memory recall.

Prompts/cues (7.1)EducationMemory recall of
guidelines

Memory, attention,
and decision process-
es

Share success stories: highlight success stories
or testimonials from other young individuals
who have benefited from engaging in peer-to-
peer group chats.

Information about emotional
consequences (5.6)

EducationJudgment and confi-
dentiality concerns

Beliefs about conse-
quences

Clarify burden misconceptions: provide informa-
tion and resources from peers about the value of
sharing and supporting each other, and share
examples of challenges discussed by previous
service-users in groups chats to address miscon-
ceptions that sharing is a burden and facilitate
engagement.

Reduce negative emotions
(11.2)

EnablementFear and anxietyEmotions

Group similar topics and establish topic rotation:
encourage moderators and members to brain-
storm and group similar topics together either
during the support chat (eg, via a poll website
such as Slido) or before the chat (eg, via a poll
on the discussion boards), allowing for more
focused and meaningful discussions instead of
fragmented conversations (alternative: create
more themed chat sessions).

Restructuring the physical
environment (12.1)

Environmental re-
structuring

Overload and lack of
structure

Environmental con-
text and resources

Limit chat size: implement a cap on the number
of members allowed in the support chat at 1 time
to maintain a manageable and supportive group
size.

Restructuring the social envi-
ronment (12.2)

Environmental re-
structuring

Overload and lack of
structure

Environmental con-
text and resources

Emoticons: consider moving to a new chat soft-
ware that enables members to offer immediate
reactions to others’ messages via emoticons
rather than messages.

Adding objects to the environ-
ment (12.5)

Environmental re-
structuring

Overload and lack of
structure

Environmental con-
text and resources

Buddy system: assign new users a designated
“welcoming buddy” (peer) whose role is to en-
courage or practically facilitate interactions
during their initial sessions; grouping or pairing
system: pairing or grouping members in the chat
as each other’s dedicated “supporters” for the
session to enhance peer support and encourage
more engagement.

Social support (unspecified;
3.1) and social support (prac-
tical; 3.2)

EnablementIntegration of new
users and gaps in sup-
port

Social influences

aTDF: Theoretical Domains Framework.
bBCT: behavior change technique.
cBehaviour Change Technique code numbers as per the Behaviour Change Technique Taxonomy provided in Michie et al [21].
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Table 5. Barriers to moderation and strategies for change.

Operationalization of BCTsPotential BCTsbIntervention typesBarrierTDFa domain

Practice sessions: create practice moderation
sessions that simulate the quick nature of group
chats, which could help moderators to enhance
their attention and decision-making processes.

Behavioral practice/re-

hearsal (8.1c)

TrainingResponding quickly
to complex situa-
tions

Memory, attention, and
decision processes

Diaries: ask moderators to make a note of situa-
tions and monitor when they feel instinctively
inclined to offer advice to avoid it in the future.

Self-monitoring of behavior
(2.3)

TrainingHolding back on ad-
vice

Behavioral regulation

Positive messaging: providing information about
the positive impact of moderation through regu-
lar updates (eg, weekly or biweekly emails such
as “Here’s the impact that you helped deliver!”)
to increase moderators’ positive emotions and
reduce concerns about young people.

Reduce negative emotions
(11.2)

EnablementDistressing subject
matter

Emotion

Phrase book: prompts or cues may be provided
to compensate for the lack of visual cues. A
booklet of phrases or “words to look out for”
may be provided such that moderators may look
out for these words to gauge if an individual is
at risk, which may otherwise be missed.

Prompts/cues (7.1)Environmental re-
structuring

Lack of visual cuesEnvironmental context
and resources

aTDF: Theoretical Domains Framework.
bBCT: behavior change technique.
cBehaviour Change Technique code numbers as per the Behaviour Change Technique Taxonomy provided in Michie et al [21].

Discussion

Principal Findings
This study addresses a research gap by investigating the
influences on engagement with, and moderation of, synchronous
web-based peer support group chats to support young people’s
mental health. Using the BCW framework, thematic analysis
revealed a total of 20 themes, 9 (45%) for engagement and 11
(55%) for moderation. Of the 20 themes, 3 (15%) were
facilitators of engagement, 7 (35%) were facilitators of
moderation, 4 (20%) were barriers to moderation, and 6 (30%)
were barriers to engagement. The following discussion focuses
on the COM-B and TDF themes that were prominent and
common across both user engagement and moderation. The
findings of this study are discussed in relation to previous
research, and the potential BCTs to address the identified
barriers to engagement and moderation are contextualized.

Facilitators Common to Moderation and Engagement
Cognitive and interpersonal skills and knowledge (psychological
capability) enabled users to express their feelings and needs.
Both moderators and users benefitted from having the skills to
listen and respond to other users. Moderators developed these
skills through practice and were supported by a strong
knowledge and understanding of the chat guidelines. Similar
themes have been found in other modes of web-based mental
health support [39].

Intentions (reflective motivation) were also core themes for
moderators and users—both were driven by their desire to help
others and ensure that the chat was a valuable resource for users.
This sentiment is echoed elsewhere in the literature on
web-based support groups, where listeners aimed to create a
“safe and warm” space for their clients [51]. Similarly,

moderators in this study consciously resolved to provide a safe
and nonjudgmental space for young people. This is a theme that
can be seen elsewhere in the literature, relating to other
web-based peer mental health communities [30].

Finally, for both engagement and moderation, social influences
(social opportunity) was another facilitator, where other users,
moderators, or supervisors were seen as understanding,
supportive, and appreciative of others’ needs. For users, this
meant being able to share experiences in a safe environment,
and moderators felt valued, appreciated, and encouraged in their
moderation. Such support also promotes moderators’ mental
health. As has been previously suggested by Aldamman et al
[52], perceived organizational support was positively related to
mental well-being, reduced emotional exhaustion, and reduced
stress among humanitarian volunteers. This aspect is also linked
to the potential of moderators to contribute to the enhancement
of the mental well-being of service users, as demonstrated by
Perry et al [19].

Barriers Common to Moderation and Engagement
Group chats present a complex environment due to their
dynamic and fast-paced nature, with multiple users. Users could
find it difficult to remember and adhere to the guidelines,
especially in pressurized situations (eg, crises). Although
moderators were familiar with the guidelines, they found it
challenging to make real-time decisions, particularly during
busy chats when many users were interacting rapidly with one
another. This inherent complexity can function as a barrier to
effective moderation and engagement. With a continuous inflow
of new messages in group chats, it becomes challenging to focus
on messages and identify any specific theme, as noted by Li et
al [53]. Moderators in this study also encountered difficulties
in promptly and accurately assessing messages for potential
at-risk situations, under time pressure, while simultaneously
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ensuring that all the young people in the chat felt supported.
The BCT of “Behavioral practice” can help equip moderators
to handle novel situations quickly as they arise. This BCT has
been successfully used to “positively influence” behavior in the
context of user training [54] and in interventions supporting
shared decision-making [55].

The challenges with rapid decision-making of how to respond
partly resulted from the chat environment being unstructured
and uncontrolled in terms of the volume and speed of message
exchanges; this was a barrier for moderators and users.
Implementing emoticons (BCT “adding objects to the
environment”) could offer an alternative and rapid way of
engaging with messages, helping to express emotions while
reducing message overload [56]. Previous studies have also
highlighted participants of a Cognitive Behavioral
Therapy-based peer support platform feeling overwhelmed and
stressed due to message volume and unfamiliar dynamics [57].
This underscores the need for accessible and well-organized
chat platforms. One promising BCT is “restructuring the
physical environment.” Similar topics could be grouped within
the platform or support chat sessions could be themed to allow
users to explore and self-organize into groups based on shared
characteristics and pain points, as has been implemented
elsewhere [58].

Another aspect of the environment that was highlighted in
previous studies was the lack of visual clues to support
decision-making. This was a particular barrier for moderators,
impeding connection and relationship building [39,59]. The
BCT “prompts/cues” has been previously suggested in a similar
context to improve moderation [39]. These could be in the form
of electronic prompts or suggested phrases that pop-up when a
young person writes a phrase that may need to be flagged. Such
prompts may support moderators to identify individuals at risk
and compensate for the lack of visual cues. This BCT has been
successfully used to prompt action by the user in various
contexts [60] and can also be used to simultaneously address
barriers related to memory difficulties.

Given the sensitive nature of the discussions within web-based
peer support chats, it is perhaps unsurprising that emotions can
constitute another barrier. The BCT of “reduce negative
emotions” can help address this. For users, the fear and anxiety
associated with disclosure can prevent them from sharing in the
chats, hindering their access to the help they need. Previous
interventions report participants finding it helpful to know that
others were undergoing similar emotions, reducing feelings of
isolation [61]. Therefore, providing information and resources
from peers about the value of sharing and supporting each other,
and sharing examples of challenges discussed in group chats
by previous service users may facilitate engagement. This could
further build a sense of a supportive and friendly community
on the platform, which facilitates willingness to share feelings
and difficulties in other contexts [57]. Dealing with distressing
topics such as mental health issues, suicidal thoughts, and other
issues that young people are dealing with often becomes
emotionally exhausting for moderators. In this case, the BCT
“reduce negative emotions” could involve providing moderators
with information about the positive impact of their moderation,
to counter any negative emotions. A scoping review highlighted

that this BCT has frequently been used in the development of
mental health interventions [62]. Resilience-building training
may also be helpful in equipping moderators to deal with the
“emotional cost” of content moderation [63].

Barriers Specific to User Engagement
The barrier of “difficulties expressing feelings and support
needs” experienced by users aligns with a prior study on
webchat counseling engagement among young people, which
found users lacking self-expression skills [28]. “Constructive
emotional sharing” is a skill that can be improved with practice
[64]. Promising BCTs to address this barrier include “instruction
on how to perform a behavior” and “behavioral
practice/rehearsal.” For example, self-reflection worksheets
could encourage users to identify their feelings and practice
written statements before participating in group chats [64].
Statements such as “I feel...when...because” could be shared,
leading to more personalized responses [65]. These BCTs could
prove particularly beneficial for newcomers or individuals less
familiar with the dynamics of group chat interaction, also
creating positive spillover to a further barrier “integration of
new users and gaps in support.” A barrier identified here aligns
with a previous study, which found that receiving empathic
comments initially has a significant cascading effect, motivating
individuals to reciprocate and offer support to others [66]. To
further encourage integration and support for new users, the
BCT “social support” could be introduced by assigning a
designated “welcoming buddy” whose role is to support new
members during their initial sessions or pairing members in the
chat as each other’s “supporter” to enhance peer support and
encourage more engagement. Prior research has shown that
shared interests encouraged conversation between new pairs in
a peer support intervention, who were strangers when they were
initially paired [67].

Having judgment and confidentiality concerns constituted
another barrier. Overcoming such concerns can contribute to
more fluid communication in web-based peer support and are
a core component of building trust [67]. The BCT “information
about emotional consequences” may address this barrier through
sharing success stories, statistics, or personal narratives. Within
the recovery model, this increases a sense of acceptance,
understanding, and authenticity, particularly for new service
users who tend to experience these fears more than long-term
users [68].

Barriers Specific to Moderation
Moderators found it difficult to hold back on offering advice.
Rooted in the logic of care [69], moderation is contextualized
and involves an empathetic dialogue or interaction between
moderators and users [70]. In such an open-ended process,
holding back, given the natural flow of an interaction, proved
a challenge for moderators. “Self-monitoring of behavior” could
be a potential BCT that may help moderators to keep their
behavior in check and change it. This could be achieved by
encouraging moderators to note when they instinctively offer
advice or feel like they want to do so, allowing them to reflect
and monitor their own behavior if such situations arise again.
This technique has proved effective in many behavior change

JMIR Hum Factors 2025 | vol. 12 | e64097 | p.542https://humanfactors.jmir.org/2025/1/e64097
(page number not for citation purposes)

Ananya et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


interventions in different contexts [71,72], particularly for health
behaviors [73,74].

Limitations
The findings of this study need to be considered in light of
certain limitations. The sampling of this study was reliant on
self-selection, which may have introduced bias and favored
participation by more confident users and moderators,
potentially influencing the barriers and facilitators identified
[75]. Although the participants were assured that their responses
would remain confidential and would not have any consequences
with respect to their relationship with The Mix, they may
nevertheless have given socially desirable responses, whether
intentionally or subconsciously [76]. Furthermore, it is
noteworthy that the study participants were predominately
women, making the sample relatively homogeneous. However,
the overall population of moderators and group chat users at
The Mix is also mainly women (>70% of users and 95% of
moderators). Finally, the study’s findings are grounded in the
data obtained from a single mental health group chat forum,
which could limit the generalizability of the results to other chat
contexts operating under different circumstances.

Conclusions
Group chats are an increasingly popular form of digital mental
health intervention, and this study contributes to building the
evidence base, which can help optimize them as a safe and
timely form of mental health support for young people. It is
particularly valuable as it examines synchronous group chats,

which are characterized by in-the-moment empathic interactions
and emotional connections. Through using the COM-B and
TDF, the study found that skills and knowledge, beliefs about
consequences and intentions, emotions, and the social and
physical environment are important factors influencing both
the users and moderators of group chats. In particular, supporting
the improvement of memory, attention, and decision-making
skills of those involved; adapting the physical environment to
facilitate effective interactions; and reducing negative emotions
are suggested to optimize the value and effectiveness of group
chats for young people’s mental health support for both the
users and moderators of these services. The intervention types
and BCTs proposed serve to emphasize the importance of
training and support, particularly for moderators, in this
important role. The study also further demonstrates the
effectiveness of the BCW approach and the use of the TDF and
COM-B to understand the influences on behavior in a systematic
manner, especially for mental health and well-being
interventions.

A natural progression of this work would be to implement and
evaluate the interventions proposed in the study and gauge to
what extent the suggested BCTs reduce the identified barriers.
In addition, the fidelity of the BCTs could also be assessed to
understand the nuances of intervention delivery [77] to facilitate
contextualized tailoring of the intervention. In an environment
where digital mental health interventions for young people
continue to grow in significance, this study and future suggested
studies can contribute toward ensuring that they are evidence
based and consider the voices of young people themselves.
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Abstract

Background: The literature around the safety of digital mental health interventions (DMHIs) is growing. However, the user/patient
perspective is still absent from it. Understanding the user/patient perspective can ensure that professionals address issues that are
significant to users/patients and help direct future research in the field.

Objective: This qualitative study aims to explore DMHI users’ experiences, views, concerns, and suggestions regarding the
safety of DMHIs.

Methods: We included individuals aged 18 years old or older, having experience in using a DMHI, and can speak and understand
English without the need for a translator. Fifteen individual interviews were conducted. Deductive thematic analysis was used to
analyze the data.

Results: The analysis of the interview transcripts yielded 3 main themes: Nonresponse: A Concern, a Risk, and How Users
Mitigate It, Symptom Deterioration and Its Management, and Concerns Around Data Privacy and How to Mitigate Them.

Conclusions: The results of this study led to 7 recommendations on how the safety of DMHIs can be improved: provide “easy
access” versions of key information, use “approved by...” badges, anticipate and support deterioration, provide real-time feedback,
acknowledge the lack of personalization, responsibly manage access, and provide genuine crisis support. These recommendations
arose from users’ experiences and suggestions. If implemented, these recommendations can improve the safety of DMHIs and
enhance users’ experience.

(JMIR Hum Factors 2025;12:e62974)   doi:10.2196/62974

KEYWORDS

digital mental health; safety; user perspective; patient perspective; qualitative; risks; risk mitigation; deterioration; nonresponse;
data safety

Introduction

Digital mental health interventions (DMHIs) are mental health
interventions that are delivered through digital platforms such
as mobile apps, websites, or virtual reality [1]. Some of the
added benefits of mental health interventions that are delivered

digitally are improved accessibility, scalability, convenience,
and the potential for anonymous engagement [2]. To realize
these benefits, users need to trust that these interventions are
effective and safe [2]. The evidence shows that DMHIs can be
as effective as traditional face-to-face therapies, especially for
common mental health disorders such as depression and anxiety
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[3,4]. However, the safety of DMHIs is still an evolving field
[1,2,5,6].

DMHI’s users face similar risks to those in face-to-face therapy,
such as deterioration in symptoms, novel symptoms
(experiencing new mental health symptoms during treatment),
and nonresponse [1]. Deterioration of symptoms, observed in
approximately 3%-10% of psychotherapy cases [7,8], signifies
a phenomenon where patients’ conditions worsen during
therapy. Deterioration is the most common side effect of mental
health therapies (face to face and digital) [1]. There is a debate
in the literature about whether deterioration is a normal and
integral part of therapy or an unnecessary side effect [9,10]. A
recent experts’ consensus study concluded that short-term
deterioration that occurs during therapy is part of therapy and
should not be considered a safety concern; however,
deterioration still needs to be monitored to ensure that it is not
chronic, severe, and does not lead to an adverse event such as
the patient dropping out of treatment [11]. Nonresponse occurs
when the therapy is not effective in relieving the target

symptoms [12]. It is considered a negative outcome as it hinders
access to more effective treatments, spontaneous remission, and
may prolong or even increase distress [12]. Additionally, the
digital nature of DMHIs introduces additional risks to mental
health therapies such as technical issues and privacy concerns
[5,13].

The expanding body of literature addressing the safety of
DMHIs is noteworthy [1,5,6]. While considerable attention has
been devoted to exploring the safety of DMHIs (how it is
assessed, analyzed, and reported), a notable gap exists in the
qualitative understanding of individual perspectives on the topic.
Existing qualitative studies in this field have either focused on
the viewpoints of health professionals and medical students
[14,15] or have sought user opinions on specific digital
innovations usually as part of a wider program of development
work. A few studies have sought service users’ views on digital
interventions more generally [16-18], but no work to our
knowledge has investigated user/patient perspectives specifically
about the safety of these technologies [19,20]. Understanding
the user/patient perspective on safety can help direct future
research in the field to ensure professionals focus on issues
significant to users/patients; identifying users’ concerns can
help professionals address these issues, leading to higher rates
of adherence and engagement. For that reason, this qualitative
study aims to explore DMHIs users’ experiences, views,
concerns, and suggestions regarding the safety of DMHIs.

Methods

Design and Aim
This qualitative study utilized individual interviews to explore
users’ experiences, views, concerns, and suggestions about the

safety of DMHIs. The Consolidated Criteria for Reporting
Qualitative Research (COREQ) was used to report the results
of this study [21].

Recruitment
The study included individuals aged 18 years or older, with
previous experience using a DMHI, and speaking and
understanding English without the need for a translator. The
DMHI needed to be a mental health intervention that was
provided via a tech-based medium (eg, app, website, virtual
reality) and targeted a specific mental health condition.
Participants were recruited using nonpurposive sampling by
posting advertisements on authors’ own professional social
media platforms, such as X (formerly Twitter; X Corp.) and
LinkedIn (Microsoft Corporation), an online participant
recruiting platform (MQ; MQ Mental Health Research), the
university’s (King’s College London) research volunteering
circular email, and through DMHI trials whose participants
consented for their details to be shared for future research. A
total of 54 potential participants reached out; 15 (28%) were
eligible and participated in the study, 7 (13%) did not complete
the online eligibility form, and 32 (59%) were ineligible.
Eligibility was determined through screening questions asked
of potential participants to gather further details about the
specific intervention used. The main reasons for ineligibility
were that the intervention used was telehealth (eg, face-to-face
therapy conducted via video call) or did not target a specific
mental health condition (eg, mindfulness apps).

Participants
A total of 15 participants were recruited to participate in this
study. Researchers initially estimated a sample size of 6-16
participants based on pragmatic recommendations from the
literature, suggesting that 6-16 interviews provide sufficient
information power [22]. Then the final sample size (15
participants) was determined based on the richness of the data
and their ability to sufficiently answer the research question
[23]. Of the 15 participants, 12 (80%) were females and 3 (20%)
were males. All participants lived in the United Kingdom at the
time of the interviews. Participants had an average age of 30
years (SD 6.43 years; range 19-42 years). On average,
participants had used a DMHI for 8 months (SD 10.51 months;
range 1-36 months). The DMHIs used by participants in this
study were Beating the Blues, Calm Harm, FREED-M, Happify,
Molehill Mountain, Moodkit, Silver Cloud, Sleepio, STOP app,
Woebot, Youper, and an online intervention for Bulimia. See
Table 1 for more information on the interventions used by
participants in this study. Some participants used the DMHI for
both anxiety and depression. Other than that, no other
participants used the DMHI for more than 1 target symptom or
condition.
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Table 1. The DMHIsa used by participants in this study (N=15).

Duration (months) of use, mean (range)Values, n (%)DMHI

DMHI’s target symptom/condition

3.4 (1-6)5 (33)Depression and anxiety

19.25 (2.5-36)2 (13)Depression

12.75 (1.5-24)2 (13)Self-harm

3 (N/Ab)1 (7)Paranoia

1.5 (N/A)1 (7)Insomnia

24 (N/A)1 (7)Postnatal depression

1.5 (N/A)1 (7)Bulimia

3 (N/A)1 (7)Anxiety in autism

3 (N/A)1 (7)Eating disorders

DMHI’s format

2.5 (1-6)7 (47)Web-based

11.5 (1.5-36)6 (40)App-based

15 (6-24)2 (13)Artificial intelligence chatbot

Therapist involvement

9.33 (1.5-36)12 (80)Self-administered (users independently used the DMHI without any
support)

1.66 (1-2)3 (20)Hybrid (users independently used the DMHI while receiving regular
support)

How participants found the DMHI

N/A7 (47)Health care professional

N/A2 (13)Social media

N/A2 (13)App store

N/A2 (13)DMHI research

N/A1 (7)Work (via human resources)

N/A1 (7)University website

aDMHI: digital mental health intervention.
bN/A: not applicable.

Materials
Individual interviews with participants were conducted and
recorded online via Microsoft Teams (Microsoft Corporation).
Interviews were semistructured. See Multimedia Appendix 1
for the topic guide. The interviewer (RT) used prompts to
facilitate and guide the discussion. RT has experience
conducting individual interviews for research purposes.

Procedure
Participants viewing the study advertisement were asked to
email the researcher if they were interested. The researcher
replied to introduce them to the study, share the participant
information sheet (PIS), and request that they complete an online
(Qualtrics) questionnaire to check eligibility. The same
researcher contacted eligible participants to check that they had
read the PIS, answered any questions that they had, and asked
if they were interested in participating in the study. Those
expressing a desire to participate were emailed an online form

that includes a few questions (details below) and an e-consent
form (using Qualtrics) to sign and a link to book a 1-hour slot
for the interview. The online form asked for demographic details
such as gender and age, details about the intervention (name
and intended purpose), and how long they used the intervention
for. All interviews were audio recorded. At the end of the
interview, participants were sent a thank you email and a £20
(US $25) voucher as compensation for their time. Interviews
lasted on average 40 minutes. Recordings were automatically
transcribed by Microsoft Teams and were verified for accuracy
by RT. Once transcription was complete all recordings were
deleted.

Analysis

Thematic Analysis Process
The 15 transcripts were uploaded onto NVivo (Lumivero, LLC)
for analysis [24]. We used deductive thematic analysis to
analyze the data. Thematic analysis is a process used to identify
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patterns or themes within qualitative data to answer or explore
a research question [25,26]. The analysis was conducted
collaboratively by 2 researchers (RT and JY), who followed
Braun and Clarke’s [25] step-by-step guide to conduct a thematic
analysis by familiarizing themselves with the 15 transcripts and
coding the data. They then organized the codes based on
relatedness, reviewing them, and defining and naming them as
subthemes and themes [25]. The thematic analysis acknowledges
“the researcher’s reflective and thoughtful engagement with
their data, and their reflexive and thoughtful engagement with
the analytic process is essential” [25]. It recognizes the potential
benefits of using multiple coders, such as achieving richer
interpretations, however, it does not view this as a requirement
[26]. Researchers are discouraged from attempting to provide
accounts of “accurate” or “reliable” coding or pursuing
consensus among multiple coders [26].

Given the research question and acknowledging that
participants’ experiences and perspectives on safety may vary
in this study, the analysis was used to reflect the range of
experiences of participants and highlight how these might differ,
rather than attempting to merge these experiences into a single,
unified interpretation [25]. Once the results of the study were
ready, they were shared with all 15 participants to review and
ensure that they were representative of their experiences. Three
participants responded and said that they agreed with the results
and did not offer any additional insights or suggest any
alterations.

Researcher Reflexivity
A critical realist epistemology was adopted for this study, where
the researchers aimed to explore participants’ subjective
experiences, acknowledge them as “real,” and recognize the
researchers’ inability to fully access that reality [25]. The
researchers were aware of their reflexivity [27]; at the time of
this study, they all worked on a separate clinical trial that aimed
to assess the efficacy and safety of a specific DMHI. The first
author (RT) was completing her PhD on the safety of DMHIs.
This study was 1 of 4 separate pieces of work for the PhD (other
work comprising a systematic review, a methodology paper,
and an experts’ consensus study). This study was not directly
related to or in any way part of the clinical trial that researchers
were working on. As a team, the researchers were invested in
learning how users/patients experience risks, react to them, and
what risks matter to them in order to contribute to the field and
improve their approach to safety.

Ethical Approval
Ethical Clearance was provided for this study by the King’s
College London (reference number LRS/DP-22/23-35403).

Results

Overview
The analysis of the data using deductive thematic analysis led
to 3 major themes:

• Nonresponse: A Concern, a Risk, and How Users Mitigate
It

• Symptom Deterioration and Its Management

• Concerns Around Data Privacy and How to Mitigate Them

Theme 1: Nonresponse: A Concern, a Risk, and How
Users Mitigate It

Assessing the Effectiveness of DMHIs
Under this theme, participants spoke about their concerns
regarding the DMHI being ineffective, experiencing
ineffectiveness/nonresponse as a risk, and the methods they
used to assess whether a DMHI was safe and effective.

Concerns Around Nonresponse
Users of DMHIs were concerned about the potential
ineffectiveness of these interventions. Will these interventions
be able to help them? Are these interventions evidence-based?
One important area of concern is illustrated as follows:

Umm, I was concerned with like how helpful it would
actually be, being that it is an online thing and like
I'm not actually talking to a person you know...I was
even actually concerned when I started the first
session, whether the program would have lasting
effects on actually helping me or supporting my
mental health. [Participant 6, used a DMHI for
depression for 2.5 months]

It is likely that participants were doubtful about their
interventions’ effectiveness because they were struggling and
in such emotional pain that they were unsure how a technology
with no human could alleviate their pain and improve their
mood.

Nonresponse as a Risk
Participants also spoke about the risk of the DMHI being
unhelpful and ineffective, and how that at times led to further
frustration, deterioration, and self-blame, for example:

I found it ineffective, if I'm honest. I think it was the
set of six or eight weeks...I remember that the second
week I burst into tears. It just felt so pointless. I can't
remember what set me off, but it just felt so pointless.
[Participant 9 used a DMHI for an eating disorder for
1.5 months]

Another participant explained how the ineffectiveness of the
DMHI led to a deterioration in her symptoms and feelings of
isolation and self-blame. She said:

So, it's sort of added to that frustration when it was
making the situation worse...So now, I felt like it
would lead me to do sort of negative coping
strategies...I'd be like get angry and irritable with
people, or I'd go and overeat....it definitely sort of
furthered the thoughts that there was like no one to
help me...It made low moments even worse...It almost
triggered sort of thoughts of like, oh, something's
wrong with me. Why can't the program help me?
[Participant 14 used a DMHI for post-natal depression
for 24 months]

Users’ Method for Assessing Safety and Effectiveness
Users used 2 main methods to assess whether they thought a
DMHI was safe and effective: (1) social proofing, which refers
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to the tendency to follow the behavior of others as a guide for
one’s own actions [28]; and (2) assessing the contribution of
experts or a trusted body. Some participants opened up about
finding it difficult to assess the safety of a DMHI, and not
knowing how to do that.

Participants wanted to know that professionals were involved
in the development of the DMHI and that scientific research
has been conducted to assess it, saying:

I suppose I would want to know how it was developed
and in partnership with mental health
practitioners...so I think with credibility, I guess
things like whether they have worked with the
university or with kind of recognized academics and
done any kind of scientific research and rather than
just user testing. [Participant 11 used a DMHI for
insomnia for 1.5 months]

In this participant’s case in particular, knowing that the
intervention was evidence-based was very important because
she had struggled with insomnia for more than a decade and
had tried many things (face-to-face therapy and medication)
that were not helpful for her. Users also relied on other users’
experiences. They checked reviews, ratings, and social media
groups to find out more about the DMHI. The following quote
is an example of this:

Uh, I have this habit of looking up these things online,
so I would look up reviews of the app online. Maybe
even check out any details about how helpful it has
been. If people have had good experiences, bad
experiences, they've had negative experiences, what
have they been about and how I could avoid them. I
would maybe even like look at Facebook groups.
[Participant 6 used a DMHI for depression for 2.5
months]

Some participants were honest about not knowing how to check
the safety of the DMHI, and needing the support of professionals
to be able to do so, they said:

I mean, unless it was like referred by my GP or kind
of, you know, promoted through kind of official
channels like the NHS website or something, I don't
know how I would even check that an app has all the
right checks, and you know safeguarding approvals
or whatever. [Participant 13 used a DMHI for
depression and anxiety for 2 months]

Other participants suggested that the DMHI needs to assess
users’ suitability, saying:

I guess before someone's able to access the app kind
of going through, I don't know, some sort of risk
assessment on like who would find it useful.
[Participant 7 used a DMHI for paranoia for 3 months]

Another participant thought that this could be achieved by the
DMHI clearly stating its intended use and target population:

I think the app would need to be really explicit about
the limitations and sort of say up front like this is not
for severe mental health issues or this is for

maintenance. [Participant 14 used a DMHI for
post-natal depression for 24 months]

Theme 2: Symptom Deterioration and Its Management

Addressing Symptom Deterioration in DMHIs
Under this theme, participants spoke about experiencing
symptom deterioration. Participants also gave their feedback
on one of the methods used to support them when experiencing
or struggling to cope (referral to other services and crisis
support) and their suggestions on how deterioration can be
managed.

Deterioration of Symptoms
Participants talked about how using a DMHI and dealing with
their mental health struggles at times led to a deterioration in
their mental health symptoms because it made them think about
things that were upsetting. One participant who was struggling
with sleep said:

I did find thinking more closely about my trouble with
sleep did initially make me more anxious about sleep
and made it harder to sleep. So, like the kind of
tracking and then realizing that actually that was a
really bad night...sometimes makes it harder to sleep
the next night, by bringing it to the forefront.
[Participant 11 used a DMHI for insomnia for 1.5
months]

It is important to note that this participant found her intervention
effective in helping her manage her insomnia and improve her
sleep quality. This aligns with recent findings from an expert
consensus study, which concluded that symptom deterioration
is not a safety concern of DMHIs but rather a normal part of
therapy [11].

In some cases, the inflexibility of the predetermined content in
the DMHI and its inability to cater specifically to each user’s
needs (ie, lack of personalization) meant that the DMHI was
unable to relate to users’ emotional state and could lead to a
deterioration in symptoms, for example:

So sometimes the AI (chatbot) like would give me
suggestions that didn't really fit my situation. So, I'm
like, you know what? Forget it. I'm not even going to
do it, and I would feel worse afterwards because I
wanted to express it. And then I'm just sitting here
typing things, and it's not helping. It wasn't really
built to recognize that CBT isn't effective for certain
situations. [Participant 14 used a DMHI for post-natal
depression for 24 months]

Managing Deterioration
As deterioration is the most common negative effect of DMHIs
[1], the authors asked participants how they think DMHIs could
support them through it. Some participants said that normalizing
deterioration would be very helpful. Participant 1 explained
how that could be done in a hybrid model:

I think one way to support...is to have a video call
therapy session. With an agent for example to make
me understand that these things are normal. So, at
that I would be reassured that I'm getting back to
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normal. [Participant 1 used a DMHI for depression
for 36 months]

Another participant explained how that could be done in a
nonhybrid model:

Uh, maybe you know if the app had a mood tracker.
The algorithm could check if you’re feeling low right
after therapy. It might just send them a message “Hey,
if you're feeling down, you just check, you just had
therapy. This could be normal” and that would be
like, uh, fair enough. [Participant 5 used a DMHI for
depression and anxiety for 1 month]

Another participant suggested using regular check-ins to detect
deterioration and provide users with support accordingly, saying:

Umm, I think the biggest thing is regular check-ins.
That's quite an important thing about how they're
finding it and what particularly is so difficult, maybe
even not slowing it down, but having a bit of flexibility
around kind of OK, you found this section of the app
pretty difficult. [Participant 10 used a DMHI for
self-harm for 1.5 months]

Signposting to Other Services for Support
Most participants (11/15, 73%) were provided with emergency
numbers, within the DMHI, to call in case they felt that they
could not cope and needed further support. Some participants
shared that they found this support helpful:

They gave me the contact numbers of like mind and
Samaritans in case I needed urgent help. I'm using
an online service. If I did need help, I could contact
these services, which is actually really helpful because
once or twice when I really felt like I was troubled at
night, this did come in handy. [Participant 6 used a
DMHI for depression for 2.5 months]

However, other participants felt that the signposting to crisis
support within the DMHI was tokenistic, sharing:

It's hard to feel like it's a genuine thing. It feels almost
like a boilerplate that they put in every conversation.
It doesn't really feel like there's thought going into it
like “Ohh I recognize that the program can't help you
with this. This would be better for a psychiatrist.
[Participant 14 used a DMHI for post-natal depression
for 24 months]

Further analysis of these data highlighted that the participants
who had a positive experience with the DMHI (ie, found it
helpful) experienced the referral to crisis support information
positively. By contrast, participants who found the DMHI
unhelpful and were frustrated with it found the crisis support
information unhelpful and ingenuine. Thus, users’ relationship
with the DMHI and their feelings toward it informed how they
felt about being referred to other services. Users who found the
DMHI helpful were likely to view the information about other
services as a helpful bonus, whereas those who found their
DMHI unhelpful were likely to doubt its genuine concern for
them and thus viewed such referrals as a mere box-ticking
exercise.

Theme 3: Concerns Around Data Privacy and How to
Mitigate Them

Participant Perspectives on Data Privacy
Under this theme, participants spoke about their concerns around
data privacy and their suggestions on how to help ease these
concerns.

Concerns Around Confidentiality and Data Privacy
Participants were concerned about their data. Was the DMHI
confidential? If not, who is it sharing their data with?
Participants talked about their concern that the data might be
shared with their health care team without their consent:

I had concerns about the information that I was
putting in, and the kind of data that might have been
collected. It's kind of that worry that what you're
writing isn't actually confidential or you know that it
could go back to someone else. I think one of the
biggest worries for me was that what I was inputting
in the app might have been given to my psychologist
or somehow, you know, connected with the NHS or
something like that. [Participant 10 used a DMHI for
self-harm for 1.5 months]

It is worth noting that, given the sensitivity of participant 10’s
struggle with self-harm, it is understandable why they were
particularly concerned about their data being shared—even with
their health care provider.

A User-Friendly Data Policy
Participants expressed their frustration with the vagueness and
complexity of how DMHIs present their data protection policy
and had suggestions on how that can be improved. Some thought
that DMHIs should make key data protection information
available in a simpler and more readily accessible format:

Maybe just share more information...like make it clear
what you do to protect users' data. I don't want to
have to go through, you know, all of your Terms and
conditions, privacy policies and things like that to
find out what it is. I mean, nobody's actually going
to do that. I would never actually do it, so it would
be helpful if it was just clearly mentioned somewhere.
[Participant 6 used a DMHI for depression for 2.5
months]

Another participant said that all they wanted from a DMHI is
to be honest about what data they are storing and why:

They could kind of like emphasize maybe that your
data isn't stored under an identifiable name that leads
to you. Or say we are storing the data, but it is
confidential and we're doing it to help more people.
That's all...just being open about it. [Participant 8
used a DMHI for an eating disorder for 3 months]

It is worth noting that the data from this study did not show any
association between duration of use and participants’
experiences. Participants had mixed responses to the DMHI
when they used it for a short period (1.5 months, eg, participants
10 and 11), and those who used the DMHI for a long period (24
months; eg, participant 14) did not necessarily have a good
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experience. However, Table 1 does show that the DMHIs that
were targeting low mood–related areas were used for the longest
period, such as depression (on average 19.25 months), self-harm
(on average 12.75 months), and postnatal depression (on average
24 months). It is also noted that self-administered interventions
were used for longer periods compared with hybrid interventions
(on average 9.33 months vs 1.66 months). This is expected
given that self-administered interventions require fewer
resources and clinician time.

Discussion

Advancing Knowledge on DMHI Safety
This research was successful in exploring and understanding
users’ experiences, views, concerns, and suggestions regarding

the safety of DMHIs. Until now, such findings have been absent
from the literature. These findings contribute to advancing the
field of digital mental health safety by providing valuable
evidence of the viewpoints and experiences of its target
population.

Principal Findings

Overview
The main findings of this study are presented in Table 2 (also
see Figure 1) using user-friendly language and in the form of
recommendations.

Table 2. User-informed recommendations to improve DMHIa safety.

DescriptionRecommendations

Ensure that DMHI product manufacture and approval include a requirement to provide readily
accessible, easy-to-read lay summaries of key information. At a minimum, these should cover
(1) evidence of effectiveness; (2) data usage, security measures, and access (ie, who can access
the data); and (3) potential negative effects.

1. Provide ‘easy access’ versions of key information

Introduce a sectorwide, widely recognized, branded badge to provide top-level reassurance of
the quality and safety of any DMHIs bearing that badge.

2. Use ‘Approved by...’ badges

DMHIs should flag to users their inability to be fully personalized and adaptable to an individ-
ual user’s needs to mitigate feelings of invalidation and disappointment.

3. Acknowledge the lack of personalization

Before using a product, users should be alerted to possible mood or symptom deterioration,
given normalizing information, and signposted to relevant support to help mitigate these effects
should they occur.

4. Anticipate and support deterioration

DMHIs should internally track users’ progress and provide feedback on whether they are ben-
efiting as expected. Where there is no individual benefit, despite the appropriate use of the
product, users should be automatically advised to seek alternative support.

5. Provide real-time feedback

Content should include an acknowledgment of the DMHIs’ limitations and a summary of each
crisis service’s support. It is recommended to consult the target population on wording to ensure
genuine concern for users is communicated.

6. Provide genuine crisis support

DMHIs should incorporate an assessment of suitability focusing on risk levels and the appro-
priateness of the intervention for users’ specific mental health conditions and severity. This
could be done with a simple set of initial built-in questions which output a recommendation to
use, or not use, the product based on the user’s response.

7. Responsibly manage access

aDMHI: digital mental health intervention.
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Figure 1. Key findings (in lay language). DMHI: digital mental health intervention.

Users’ Concerns Around the Safety of DMHIs
In this study, users expressed 2 primary concerns regarding the
safety of DMHIs: (1) whether a product would be effective and
(2) whether their data would be secure and confidential.
Evidence around the effectiveness of DMHIs is usually
disseminated in academic peer-reviewed articles. This poses an
accessibility challenge for the typical users, which is only
slightly tempered by recent initiatives toward making
open-access publications the norm in academia. It has been
documented that uncertainty around the effectiveness of a DMHI
is a key barrier to its use [15]. To address users’ concerns about
effectiveness, it is crucial to translate scientific findings into
lay language and publish them in user-friendly formats to
improve accessibility (recommendation 1). This dovetails well
with the increasing requirements placed upon academics to
evidence the impact of their work.

Regarding users’ second major concern, data safety and
confidentiality, participants in this study suggested that DMHIs
provide their users with clear and concise information on how
their data are used, stored, and who has access to it. Recognizing
that users often overlook traditional lengthy privacy policies
and terms and conditions [29], DMHIs could supplement these
by providing users with a layperson’s summary of how their
data are being used, kept safe, and who has access to them

(recommendation 1). Clear and transparent communication
about data and privacy would help build trust, a key component
of the therapeutic relationship [30]. The evidence to date
suggests that the digital therapeutic alliance is both relevant and
important in DMHIs [19,20].

Assessing a DMHI’s Safety From Users’ Perspective
It is important to understand how users assess the safety of
DMHIs, as this will inform professionals about where users
look for safety information and so where and how best to
provide it. Participants in this study described methods for
assessing the safety of a DMHI that reflected social proof, a
concept first attributed to Robert Cialdini [31,32]. Social proof
refers to situations where people use opinions and information
from others similar to themselves to influence personal choices,
decisions, and behaviors, especially if uncertain [31,32]. In the
present context, this involved reading online product reviews
on websites and mobile app stores. Other participants expressed
that they did not know how to assess the safety of a DMHI. In
a different qualitative study, medical students shared a similar
experience, expressing difficulty in identifying which DMHIs
were evidence-based [15]. These students also criticized the
lack of guidance available for users on how to find
evidence-based DMHIs [15].
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There are already regulatory bodies equipped and responsible
for assessing the efficacy and safety of DMHIs and making
recommendations for use. In the United Kingdom, this includes
NICE (The National Institute for Health and Care Excellence)
and the MHRA (Medicines and Healthcare Products Regulatory
Agency). The NHS (National Health Service) previously had a
health app store called the “NHS Health Apps Library,” but it
was decommissioned in 2021 due to the increasing complexity
of maintaining the library and ensuring the safety and
effectiveness of the listed apps. An alternative to this has
emerged through the Health App Library provided by the
Organization for the Review of Care and Health Apps
(ORCHA), in collaboration with health providers such as NHS
Trusts. This library offers a list of mobile apps that have been
reviewed by ORCHA for effectiveness and safety. One effective
way to demarcate a product’s safety and efficacy status would
be for regulators to introduce a branded, recognizable stamp or
badge to be displayed by products achieving prespecified
minimum safety and efficacy requirements (recommendation
2). What those requirements should be, however, would entail
significant additional research to achieve a consensus across
industry, regulatory bodies, academia, developers, and users.
Nevertheless, this approach would capitalize on users’ existing
tendency to seek safety information via the product’s mobile
app page or website and is therefore likely to ultimately be an
effective means of disseminating key information on which end
users can base their decisions. A notable advancement in this
direction is Google’s revision of their app store’s health policy,
which mandates that starting from May 31, 2024, all health apps
posted on their app store must prove compliance with relevant
laws and regulations (privacy policy, ethics approval, and
certification when required) [33].

Risks Experienced by DMHIs’ Users and Their
Suggestions on How to Mitigate Them
Participants in this study spoke about 3 risks they had
experienced as a result of using a DMHI: feeling invalidated
by the DMHI, deterioration in their symptoms, and nonresponse.
Users noted that, unlike a human therapist, the DMHIs’ inability
to be fully responsive, personalized, and adaptable to each user’s
needs left them feeling invalidated and unheard. Such
experiences undermine the therapeutic relationship. There is
evidence that personalization in a DMHI fosters therapeutic
alliance [20], and thus the lack of it is likely to undermine this
alliance. The weaker the digital therapeutic relationship, the
more this is likely to undermine the effectiveness of the DMHI
[30]. In a qualitative study involving Australian psychologists
and their experiences with DMHIs, the psychologists expressed
the view that DMHIs are inferior to face-to-face therapy due to
their limited capacity for personalization [14]. In another
qualitative study, medical students made the same comparison
between DMHIs’ and health professionals’ ability to provide
personalized therapy [15]. This is a limitation of current
technologies, which might change with the future advances of
artificial intelligence. However, for now, it is important for
DMHIs to acknowledge and communicate this limitation to
users to mitigate feelings of invalidation (recommendation 3).

Participants suggested that DMHIs can support users
experiencing deterioration by informing them about the

possibility, normalizing it, and providing pathways to relevant
support when it occurs (recommendation 4). These suggestions
align with those made by digital mental health professionals in
a recent consensus statement [11]. Other studies have suggested
implementing an automated process within DMHIs to monitor
and flag when participants’ symptoms deteriorate beyond a
predefined threshold [5]. Although that threshold would be
subject to individual conditions and clinical opinion within any
specific context, a useful starting point would be to adopt the
clinical “rule of thumb” that considers a 20% change in
symptoms as a meaningful variation [34].

“Nonresponse” is a documented potential side effect of DMHIs
[1,12]. It was interesting to see how nonresponse from users’
perspective was almost a compound negative effect that led to
a cascade of unwanted effects including feelings of frustration,
hopelessness, deterioration, isolation, and self-blame. One way
to address this would be for DMHIs to track users’ clinical
outcomes, identify those experiencing nonresponse, and provide
them with targeted pathways to further support as a way of
mitigating these possible adverse consequences
(recommendation 5).

The Risk Mitigation Methods Experienced by DMHIs’
Users
When discussing how DMHIs mitigate risks and safeguard
users, users highlighted the importance of signposting to other
sources of support. The majority of users (11/15) were provided
with details of emergency numbers and other mental health
services; however, not all users found these helpful. Some users
felt that this was a checkbox exercise that DMHIs needed to
complete and that the crisis support provided was ingenuine.
Users of DMHIs may feel this way because of their experiences
with mental health services, and because most mental health
services/interventions tend to provide crisis support information.
Signposting to a different service needs to be done delicately
to ensure that the user feels cared for. For that, DMHIs need to
be careful about how they present crisis support details.
Including an acknowledgment of the DMHI’s limitations, a
concern for the user, and a description of the support that each
crisis service provides might help make users feel that the
intention to provide support is more genuine (recommendation
6). Soliciting user input on how such information is phrased
and presented would also be of benefit (recommendation 6).

Only 1 user among our sample of 15 was informed of the
potential side effects of the DMHI that they were using. A recent
systematic review on the safety of DMHIs found that only
one-third of the interventions informed their users of their
adverse events or possible side effects [1]. The even lower level
of side effect awareness in our study might be due to the
commonplace practice of embedding side effect information
within inaccessible or often unread documentation (eg, terms
and conditions or instructions for use) [6]. Indeed, as reported
above, our participants told us that they found these documents
particularly impenetrable, suggesting some may have missed
out on important side effect information. To ensure user safety,
it is important to improve the visibility and accessibility of side
effect information by adopting new methods of communication
(recommendation 1). This might include a digital equivalent of
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listing possible side effects on medication labels. Existing
regulations already require a digital product label to be displayed
within the product itself and this label includes “Cautions” and
“Warnings.” It would be a relatively simple matter to add a
section “Possible Side Effects” as a further requirement.

However, simply adding information is unlikely, on its own, to
meet users’ needs as identified by our study. In addition (and
as already discussed earlier), serious consideration should be
given to adopting the practice of requiring “easy read” or “lay
summary” versions of key information which is provided
alongside full and formal versions. This is now standard practice
in domains such as academia, governmental, and other public
sector organizations. Our study suggests that, as a minimum,
this should apply to information on data security and side effects.

Finally, to minimize this risk, our sample of participants/users
recommended that DMHIs should evaluate each user’s
suitability, with a focus on assessing risk levels and determining
the appropriateness of the intervention for their specific mental
health condition and severity. These assessments can be included
as a standard procedure before onboarding a user onto a DMHI,
similar to how patients are screened before they receive
face-to-face therapy (recommendation 7).

Limitations
There are a few limitations to this study. The participants in this
study were mostly female (12/15, 80%). The DMHIs used by
participants were mostly self-administered (12/15, 80%), and
thus results might be biased by their experiences. Additionally,
recruiting for a study to explore users’perspectives on the safety
of DMHIs might have attracted individuals who have
experienced such issues. It is important to be aware of how the
sample of participants in this study could have shaped the
results. This is expected in qualitative studies, which aim to
explore and understand the experiences and opinions of a sample
of the population [35].

Conclusions
The results of this study led to 7 user-informed recommendations
on how the safety of DMHIs can be improved. These
recommendations arose from users’experiences and suggestions.
The key findings (Figure 1) and recommendations of this paper
could improve the safety of DMHIs, enhance users’experience,
address some of their concerns, and foster a more trusting
therapeutic relationship between the user and the DMHI.
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Abstract

Background: Many youth with significant mental health concerns face limited access to mental health services. Digital programs,
such as mobile apps designed to address mental health issues, have the potential to expand access to strategies for managing these
conditions. However, few mental health apps are specifically designed for youth experiencing severe concerns, such as suicidal
ideation. BritePath is a new app developed to enhance communication and interaction between providers and youth at risk for
suicidal behavior.

Objective: This study aims to explore health care providers’ opinions and concerns regarding the use of mental health apps for
youth at significant risk of suicidal behavior.

Methods: We conducted individual semistructured interviews with 17 providers across 7 states. Interviews were conducted via
video, recorded, and transcribed. Codes were developed using a team-based approach, with discrepancies resolved through team
discussions.

Results: Most providers were aware of mental health apps in general and expressed interest in trying the BritePath app with
patients experiencing depression, suicidality, or both. Analyses identified 4 key themes related to mental health apps: (1) almost
all providers viewed mental health apps as an adjunct to, rather than a replacement for, psychotherapy visits; (2) most providers
were concerned about the cost of apps and youth access to them; (3) providers noted the challenge of maintaining patient
engagement with apps over time; and (4) providers were concerned about patient privacy, in terms of both data shared with app
developers and data privacy within families. Analyses of providers’ opinions specifically about the BritePath app identified 4
additional themes: (1) providers believed that access to safety plans within BritePath could be beneficial for youth at risk for
suicidal behavior; (2) providers reported that BritePath’s interactive features could enhance communication between providers
and youth; (3) providers appreciated BritePath’s flexibility and the ability for both youth and providers to tailor its content to
individual needs; and (4) providers expressed concerns about integrating BritePath into clinical workflows within health systems.

Conclusions: The use of mental health apps is expanding, yet there is limited understanding of how to effectively integrate
these tools into mental health treatment. Providers are increasingly referring patients to mental health apps, and most expressed
interest in trying the BritePath app for patients with depression, suicidality, or both. However, providers also identified several
concerns, particularly regarding privacy and safety.
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Introduction

Background
Adolescent suicidal behavior, suicide ideation, and depression
are major public health problems that have increased
significantly over the past 20 years [1-3] and have been
exacerbated by the COVID-19 pandemic and its sequelae [4-8].
For example, between 2019 and 2021, the number of female
high school students reporting that they had seriously considered
attempting suicide increased by 6% [3]. These increases in
suicidal ideation, behavior, and depression have
disproportionately affected youth from historically minoritized
racial and ethnic groups [2-4]. Once youth are identified as
having a significant risk of suicidal behavior, they are typically
treated in emergency departments or urgent care settings or
hospitalized for stabilization before beginning outpatient
treatment [9]. However, many youth remain at high risk of
suicidal behavior even after acute treatment or stabilization in
intensive settings. Managing youth with high levels of suicidal
risk requires close communication between patients and clinical
providers, such as psychiatrists or mental health therapists
(referred to collectively as providers hereafter). Evidence-based
care for these youth includes regular monitoring of depression
symptoms, suicidal ideation, and suicidal behavior [9-11].
However, most health systems fall short of maintaining this
level of close communication due to barriers such as lack of
time and resources, as well as difficulties in staying in touch
with at-risk youth after they leave intensive settings or acute
treatment.

To address these concerns, researchers are developing new
mobile apps aimed at improving both the efficiency of
communication with youth at risk for suicidal behavior and
shared decision-making between providers and adolescent
patients. These tools are increasingly promoted to address mental
health concerns in general and depression in particular [12-16].
Empirically based apps for depression range from cognitive
behavioral self-help programs [15,16] to screening [16,17] or
mood-tracking apps [18]. Recent research indicates that these
tools are generally acceptable to providers [13,17]. However,
there are several limitations to their use in clinical practice.
Much of the evidence comes from surveys asking providers
about the acceptability of apps [19] or studies that have not
focused on specific concerns about particular apps [13]. Few
studies have examined the use of apps within the context of
mental health treatment [15]; instead, most have focused on
patients’ use of apps independent of providers [13]. To date, no
prior research has examined the acceptability of apps designed
to support shared decision-making between providers and youth
at high risk for suicidal behavior. While some experts have
raised potential ethical and safety concerns about using digital
interventions with high-risk populations [19,20], improving
connections to treatment after nonfatal suicidal behavior has

the potential to enhance the treatment trajectory and long-term
outcomes for these youth.

Study Goal
The aims of this study were to characterize providers’ (1)
opinions on the barriers and benefits of using apps in mental
health care in general, (2) perspectives on the use of apps with
adolescents with depression or suicidal thoughts and young
adult patients, (3) interest in and willingness to use a recently
developed app (BritePath) intended for use with adolescents
with suicidal thoughts or young adult patients, and (4) barriers
to implementing the BritePath app in routine clinical practice.

Methods

Implementation of BritePath: Benefits and Barriers
This qualitative study was conducted as part of the Center for
Enhancing Treatment and Utilization for Depression and
Emergent Suicidality (ETUDES Center), an ALACRITY Center
funded by the National Institute of Mental Health (NIMH
P50MH115838), aimed at helping providers better support youth
experiencing severe depression, suicidality, or both. This study
explores issues related to the use of mental health apps in general
with this population and examines potential benefits and barriers
to implementing an already developed app, BritePath, in health
systems that have not participated in the research studies
developing BritePath and are not affiliated with the ETUDES
Center. To date, all information regarding the acceptability of
the BritePath app has been gathered within the institutions that
developed it.

The BritePath App
The BritePath app was developed to improve communication
between providers and youth with depression or suicidal
thoughts. It consists of 3 integrated components: (1)
Guide2BRITE, an electronic guide for mental health providers
that includes step-by-step instructions for onboarding a patient’s
safety plan into the app, as well as guidance on discussing key
treatment components such as emotion regulation and distress
tolerance skills; (2) the BRITE app, a personalized and
interactive safety plan and self-monitoring tool for youth; and
(3) the clinician dashboard, BRITEBoard, which allows
providers to track youth’s app use, distress levels, and treatment
progress while facilitating communication and collaboration
among mental health and primary care providers.

BritePath promotes self-monitoring and self-management
through personalized strategies to avoid or cope with triggers
for suicidal urges [21]. It is based on BRITE, a patient-facing
safety planning app developed by researchers in psychiatry and
psychology at the University of Pittsburgh and the University
of Texas Southwestern Medical Center [21]. To our knowledge,
BritePath is the first smartphone-based safety planning app to
be tested in clinical trials involving adolescents with severe
depression or suicidal thoughts. BritePath provides providers
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with tools to onboard their adolescent and young adult patients
to the app. This includes assisting youth in developing and
personalizing a safety plan, incorporating distress tolerance and
emotion regulation strategies, and monitoring symptomatic
progress for at-risk youth in their care. Figure 1 provides a
screenshot from the BritePath app for a mock patient.

BritePath was first tested for clinical effectiveness in a pilot
randomized trial that evaluated BritePath in combination with
a related intervention. The study found that the combined

intervention reduced the rate of suicide attempts by 50% in the
6 months following hospital discharge [21]. This pilot study
also suggested that more frequent use of BritePath increased
reasons for living. However, the small sample size did not allow
for comprehensive testing of BritePath alone. A more recent,
larger randomized trial found that BritePath is as effective as
usual care for youth hospitalized for suicidality. Additionally,
youth who received BritePath were less likely to have a
subsequent suicide attempt and had a longer time until a repeat
attempt [22].

Figure 1. Example of the safety plan in the BritePath app.

Sampling and Recruitment
We identified a convenience sample of mental health and
primary care providers who have cared for patients with mental
health concerns. Providers were recruited through health systems
participating in the Mental Health Research Network [23] and
via snowball sampling [24,25], in which interviewed providers
recommended additional potential participants. No specific level
of digital experience or skills was required for participation in
the study.

Ethical Approval
All study procedures were approved by the Institutional Review
Board of the Kaiser Permanente Center for Health Research
(KPCHR) at Kaiser Permanente Northwest (approval ID:
MOD20050381-003), where the study was conducted.
Interviews were conducted via KPCHR Teams, and digital
recordings and transcripts were securely stored within the
primary organization’s firewall-protected file service.

Data Collection
Semistructured interviews were conducted remotely via
Microsoft Teams. The interview guide (Multimedia Appendix
1) was developed by our medical anthropologist expert (NV)
in coordination with the principal investigator (FL).

Additionally, a qualitative investigator from the larger BritePath
team reviewed the guide for content. The interviewer (FL) used
a semistructured interview guide (Multimedia Appendix 1) to
ensure consistency across interviews. The framework that guided
the design of our qualitative interview guide focused on usability
and concept testing. We examined whether providers from
different backgrounds and training would consider using
BritePath. The included questions aligned with several
frameworks for adopting new technology, such as the Diffusion
of Innovation theory [26,27]. The interviews assessed providers’
opinions on using apps with patients and their impressions of
the benefits and barriers of mental health apps in general.
Participants were then shown a series of visuals (screenshots)
depicting what a user would see while interacting with the
BritePath app. These prompts ensured that participants had a
clear and consistent understanding of the app’s features and
user interface. During this portion of the interview, participants
were asked about their initial impressions of the BritePath app,
as well as the barriers and potential benefits of using it in their
practice. They were also given the opportunity to suggest
features they would like to see in future app developments. Each
interview lasted 30-40 minutes and was audio recorded and
transcribed by an independent transcriptionist. Transcripts were
entered into Atlas.ti [28], a qualitative analysis software program
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used for coding and managing data. Atlas.ti was then used to
generate reports for the analysis of interview transcripts.

Analysis
Thematic analysis, a method for analyzing patterns of meaning
in a data set, was used to interpret the data by identifying themes
and their interconnections [29-32]. Following established
thematic analysis procedures [30], members of the research
team (JC, LF, and NV) first familiarized themselves with the
data and, together with FL, developed an initial code list
consisting of a priori codes reflecting the interview questions.
JC and LF coded the first interview using this initial code list
and identified additional codes while reviewing the transcripts.
The full team met to review coding consistency between
reviewers and to evaluate the need for new, emergent codes.
Modifications to the code list were made based on discussion
and consensus. This process was repeated, with 2 team members
coding 2 additional transcripts each. The full team met to discuss
differences between coders for these additional transcripts and
found minimal discrepancies in the codes applied. Upon
confirming sufficient consistency in code usage and identifying
no additional emerging codes, a master code list was finalized
and used to code the remaining transcripts. After coding all

transcripts, the full study team individually reviewed reports of
coded interview segments to identify themes. The final themes
were then derived through discussion and consensus. This
formal, team-based analysis procedure was used to enhance the
credibility and trustworthiness of the findings.

Results

Providers’ Perspectives on Mental Health Apps and
the BritePath App for Youth at Risk of Suicidal
Behavior
We conducted semistructured interviews with a convenience
sample of 17 providers from 7 states in the United States (Table
1). Our goal was to understand providers’ opinions on the use
of apps for youth with mental health concerns in general and
the use of the BritePath app for youth at risk of suicidal
behavior. First, we asked providers about their experiences using
mental health apps with patients. Next, we gathered their
opinions on a specific app, BritePath, designed to improve
patient engagement and communication with providers for youth
at risk of suicidal behavior. The interview guide is available in
Multimedia Appendix 1.

Table 1. Provider demographics (N=17).

Values, n (%)Characteristic

Age (years) group

4 (23)25-34

6 (35)35-44

7 (41)45 and over

Sex at birth

15 (88)Female

2 (22)Male

Provider type

2 (22)Physician

8 (47)Therapist/social worker

7 (41)Psychologist

Type of setting

10 (22)Large health system

4 (47)Smaller group practice

3 (41)Individual practice

Providers’Opinions About the Use of Apps for Mental
Health Concerns in General

Overview
All providers reported familiarity with mental health apps, and
most stated that they had referred at least one patient to a mental
health–focused app—for example, to help patients learn a skill
such as relaxation. However, none of the providers reported
regularly using any mental health app during treatment visits
or in an interactive manner with patients. Each theme is
discussed in more detail below.

Theme 1: Mental Health Apps Have the Potential to Be
Valuable as an Adjunct to Therapy Visits
Providers reported that they felt mental health apps could add
value to the therapeutic relationship as an adjunct or complement
to face-to-face or video-based psychotherapy sessions. However,
most did not believe that mental health apps could serve as a
substitute for psychotherapy visits. Several providers noted that
these apps can offer access to exercises for learning new skills
or encourage the use of tools discussed in therapy, making them
a useful complement to treatment sessions.
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I think they can be really great adjuncts if you have
the time to utilize those as a clinician. I am always
interested for my patients of course for them doing
things in the many hours outside of therapy, so I see
you from 1:00 to 2:00 and then there are all these
other hours that in theory you’re doing the things that
we were practicing in that one hour. If there are apps
that can promote, engage, and promote the use of
those strategies, whether it’s thought records or sleep
diaries or mood meters, things like that. And then
they can bring that back in and we can look at it
together and that facilitates the conversation, I think
that would be great. [P5]

And this way as a clinician I am teaching a skill, but
I want it to be reinforced by this tool that mainly my
client really loves but eventually is a way to train the
brain to think a new and different way. [P4]

Providers also noted that this approach to learning skills may
be particularly useful for teenagers, who frequently engage with
their phones.

I think they’re a great compliment to therapy. I think
they’re really useful as a tool. I am not a huge fan of
the app-based therapies you know. Like text therapy
and stuff like that, I think it’s not a good fit for
everybody of course. But I think the apps themselves
as far as tools and teaching and reinforcing skills I
think are really helpful. And I would imagine for
teenagers, I am assuming most of them are on their
phones quite a bit. So that might be kind of a really
easy transition or way to incorporate into something
they’re already doing. I think it would be cool
especially for teens if there was a way to have some
sort of feedback or back and forth with their therapist
so they could actually share what they’re doing, that
would be neat. I think there’s a lot of potential there
for younger people. [P14]

Although providers generally expressed support for mental
health apps, most also raised several concerns. They described
issues from both the provider and patient perspectives.

Theme 2: Cost/Access to Tool
The cost of purchasing an app was noted as a potential barrier.
Providers suggested that they would only consider
recommending apps with relatively low fees or a 1-time payment
rather than ongoing costs.

Obviously free is best. Especially for teens, even
young adults that are trying to make ends meet. If not
then maybe something that’s a one-time fee. If it was
a subscription that would be harder for that
population. I think that’s something that older adults
could possibly swing, but unless the parents are
paying for it, it doesn’t seem like that would be a good
match. [P13]

On the patient side yeah I think it would depend on
how expensive the app would be. If they’ve got to pay
$50/month that certainly could be prohibitive for
folks. [P5]

In addition, providers expressed concern that some youth,
particularly those from low-income backgrounds, might lose
phone service or have limited minutes, which could hinder
access to the app and reduce engagement with its tools. They
also noted that youth might have only intermittent access to
mental health apps for various reasons, such as an inability to
consistently pay for phone service or depleting their data or
minutes. This loss of access could be frustrating for youth trying
to use mental health apps and could interfere with their
engagement with the app’s content.

Most of our patients do have smart phones so that’s
usually not a barrier. But sometimes getting their cell
phones shut off has happened before. So whether or
not they’ll have continuous access I think has been a
barrier in the past. [P8]

Theme 3: Engagement
Many providers expressed concern that a common barrier to
using mental health apps is a lack of patient engagement. Several
participants shared experiences of patients downloading apps
but never using them beyond the initial session. Others noted
that apps often lose their appeal quickly, making sustained
engagement a challenge.

Yeah, and I think the literature is pretty clear that if
you send patients off to use some sort of behavioral
health app, they'll use it once or twice. They'll check
it out and then use drops of precipitously. [P1]

I think patients often download and forget about them
which is probably the biggest one is the engagement
with some of these apps is low. After a short amount
of time they might forget about it and then they don’t
really come back to it. So in the context of therapy
that was less of an issue because I would be there and
be encouraging that use. So that’s one of the barriers
if people were just using it out in the real world. [P9]

Providers described challenges in getting youth to engage with
an app at all. Several noted concerns that apps must be visually
appealing and up-to-date to attract teens, who are often highly
tech-savvy. Based on their experience, if an app was not
engaging enough, usage would decline, similar to what they
had observed with other patient-focused apps.

I think we all know that teens are very sophisticated
with apps and tech so I think having it be interesting
and up to date is I think if they’re going to use it, it’s
got to be flashy in some way. [P3]

Theme 4: Patient Privacy
Most providers expressed concern about patient privacy. Some
noted that their patients had raised concerns about the privacy
of data collected by apps, which could make them hesitant to
use mental health apps. Providers also emphasized that health
systems would need to ensure patient privacy before integrating
an app into treatment.

I know so many patients just in general are very
concerned about their privacy. So I think that would
be at the top of my list is just knowing that I could
have confidence in saying to this person this app has
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been vetted in these different ways. This is the security
that it offers. Maybe it's even password protected
when you sign in so that way if your mom picks up
the phone and she can't get into that particular app.
I feel like that's a deeply personal thing. And I would
want to make sure that I am protecting my patient's
confidentiality and I can speak to how this app does
that. [P2]

I think always a concern is privacy and making sure
the data is secure and HIPAA compliant. Especially
working in health systems we’re always concerned
about technology and the privacy of patient
information. [P9]

Some providers also discussed concerns about patient privacy
at home. Before recommending an app, they wanted to be
confident in their understanding of how patient data were being
protected.

On the other hand, if their parents are checking their
phone and they don’t feel like they have privacy they
might not be able to use it in the same way that they
might have otherwise had they had more privacy. [P8]

Providers’ Opinions About the Use of the BritePath
App

Overview
All of the themes providers discussed regarding mental health
apps in general were also reported in relation to the BritePath
app. For instance, providers expressed privacy concerns both
broadly and specifically in the context of BritePath. After
hearing a description of BritePath, all but one provider expressed
interest in trying this type of app for patients with depression,
suicidality, or both. In addition to the general themes identified
for mental health apps, several additional themes emerged
specific to BritePath.

Theme 1: May Make Visits More Efficient
Providers described several ways in which an app such as
BritePath could make therapy visits more time-efficient. Some
noted that BritePath could help patients gain insight into the
relationship between their mood and the activities they engage
in between visits.

I think such a common thing with younger teens is
being able to reflect back on how their week went or
how their time went. And often times having
something that is kind of tracking in the moment gives
so much more actual information of when there were
any spikes in anxiety or in distress in some way to
help be like oh I saw this happened on this day, what
happened then. To help anchor them into being able
to talk about some things. So I can see that being a
real benefit. [P15]

I think it’s so important for people to be able to see
visually what the distribution is of the moods
throughout the week. And also to remember that
they’re not always in that low point. So having some
check ins throughout and maybe not only on their
really bad days, right, but check ins every day would

be helpful probably so they could be able to track
down only the downs but maybe the ups or the little
bit better. [P14]

BritePath was also seen as a tool for providers to gather
information on patient moods and their use of techniques
between in-person sessions. Providers noted that access to this
information via the app could make sessions more focused and
productive by reducing the need to collect it during visits and
allowing for better session preparation. Additionally, real-time
patient-reported data on the app were perceived as more
complete and valid than recalled information shared during a
visit.

If you had the time to review what someone did or
didn’t do since you last saw them before they even
walked in the door...I’ve saved at least 10 minutes of
the precious 45 that we have together. I can launch
straight into hey your mood meter was great over the
last week. Or I see you check in on your safety plan
on Tuesday, tell me a little bit about that? I don’t have
to say so how did the last week go? Oh Tuesday was
bad. Tell me more about Tuesday and then wait for
them to bring up the fact that they had to use their
safety plan on Tuesday. We can just get straight to it.
And it helps...not only the time saver, but hopefully
not having to deal with retrospective recall. [P5]

I think too if we have a session with a patient and
they’re just in that moment trying to recall their week
is not as impactful as if you can actually go back and
see what they’re feeling in any particular time and
probably would really help with recall bias. [P8]

Providers also discussed how the BritePath app could facilitate
communication with youth and enhance their engagement in
the treatment process.

I think...leveraging digital health tool...I think another
place this can be helpful is if kids engage in it, it gives
you more to talk about in the session. You know doing
sessions with teenagers a lot of times it’s pulling teeth
to get them to say anything. At least this would
provide them with one, another way to keep them
engaged and two, more fodder for talking to someone
that may not be interested in filling 45 minutes’worth
of talking. [P5]

Theme 2: Provides Access to Safety Plans
Most providers noted that a key benefit of BritePath was giving
patients convenient and consistent access to their safety plans
through the app. They believed that because most youth carry
their phones, they would be more likely to have their safety
plan readily available in a crisis—unlike a paper version, which
could be easily misplaced.

I think the nice thing about it, is it’s all in one place.
It’s easily accessible on our phone. If they’re in
distress at any given moment they can pull it out and
it’s all right there. That makes it much more likely
that they’re going to use their skills in the moment,
versus us giving them a piece of paper or emailing
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them or whatever else technology that would be used
in the past. So I think that’s a huge advantage. [P13]

So patients can have a safety plan in the EHR but if
they can't access it. We print it out and who knows
where they left it. This gives them something, most
people are pretty good about not leaving without their
phone. So, it's a way that's there, it's accessible. [P1]

However, providers also had questions and concerns about the
functionality of storing the safety plan on a youth’s phone. Some
wondered whether the safety plan could be easily integrated
into the patient’s electronic health record. Another concern was
whether providers would be notified when a patient accessed
or used their safety plan.

Would the provider be alerted if there was a change?
For example, if someone were to use the program or
use part of their safety plan would that then ping me
as a provider? Or would I just need to go and check
on the patient status every so often to know those sorts
of things? Another thing I might be curious about is
how it might communicate with my EHR, if there was
a way to import the information or download, even
the safety plan for example so that way I could then
upload it into the patient's chart. I think that would
be important for me too. [P2]

Theme 3: Offers an Additional Way to Communicate
With Patients
Providers noted that BritePath could serve as an alternative
communication tool for patients. Some recounted experiences
with teens who struggled to express themselves and suggested
that BritePath could offer these youth another way to connect
with their providers. One provider also noted that this feature
could enhance engagement in treatment for some patients.

Obviously, someone who is busy, if they’re actually
busy or just having issues with talking with a clinician
face to face, this is a way to avoid that stress of direct
interpersonal interaction. So that’s a positive. And
adolescents have all sorts of reasons why they
sometimes don’t want to engage with care. This is a
way for them to get some care even if they’re not
feeling like interacting with their clinician that week.
That I see as a benefit. Asynchronous so it can be on
their time rather than someone else’s time. [P12]

If you think about teenagers, they are much more
comfortable with technology and sometimes that’s a
great place to start for therapy or treatment with them
because they might not feel comfortable talking to a
professional. [P9]

Several providers valued BritePath’s 2-way communication
feature, noting that it could facilitate shared decision-making
and provide real-time updates to the treatment plan.

I think there's a real value in that shared
decision-making component that can go into an app
like the one you're describing. And it also becomes
an important way of sort of communicating. [P1]

I think that two-way communication is what I think
could be the most useful if it’s going between the
patient and the therapist and you’re able to interact
back and forth. So in terms of modifying treatment
plan or knowing what is resonating with the person.
[P3]

Theme 4: Flexibility and Personalization of the BritePath
App
A number of providers expressed enthusiasm for BritePath’s
flexibility and personalization features. Several noted that
allowing youth to customize the app with photos, videos,
motivational reminders, or prompts for coping strategies could
help sustain engagement, increase usage frequency, and
accommodate diverse patient needs.

I think that’s definitely a bonus. Sometimes the out of
the box app works just fine. But the more you can
tailor it or personalize it to someone’s specific needs,
the more likely they are to use it, so I think that that
could definitely be useful! [P9]

I love that there can be general tools but also some
really individualized personal things in there in too.
I just love the idea of having names and photos of
people, loved ones and pets and things like that. [P14]

One provider highlighted BritePath’s potential to empower
youth by allowing them to personalize their treatment and safety
plan.

The place a teen usually goes to for soothing support
regulation is the phone. But it often feels like the
phone is just riddled with pitfalls of things that could
make things worse. Maybe don’t go on Instagram and
compare your life to other people. So the fact that
there’s something right next to it potentially on their
phone for them to dive into instead of something that
could be potentially more disregulating or harmful I
think is fabulous. The more opportunity I think there
is to customize what’s happening in that app the more
I’d be inclined to really empower my client to tap into
a wise place, tap into wiser parts of themselves, have
those places and parts load what’s in the app. So then
they have access to it in those harder moments. I
could see that being a particularly empowering thing.
[P11]

The collaborative functionality of the app was also seen as a
benefit, as it enables providers to modify the app’s content in
collaboration with patients over time as their needs change.

I think that two-way communication is what I think
could be the most useful if it’s going between the
patient and the therapist and you’re able to interact
back and forth. So in terms of modifying treatment
plan or knowing what is resonating with the person.
[P3]

Theme 5: Concerns About Integration of BritePath Into
Clinical Workflow
Providers expressed additional concerns specific to BritePath,
beyond those related to mental health apps in general. One
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concern was its impact on clinical workflow. For instance,
providers questioned how well the app would integrate with
existing electronic medical record systems. They also expressed
concerns about its ease of use for busy clinicians.

Another thing I might be curious about is how it might
communicate with my EHR, if there was a way to
import the information or download, even the safety
plan for example so that way I could then upload it
into the patient's chart. I think that would be
important for me too. [P2]

Do I have to have a certain log in? Do I see a list of
patients that I have that are using it? How
cumbersome is it to get into that? And what's the
patient's understanding and expectations for me,
either monitoring that data or accessing that data or
is there even some sort of portal to do that? Or is it
more that the patient brings in their phone with their
smart phone app and sort of shows me what they've
been up to? [P1]

In some cases, these concerns amplified existing worries about
mental health apps in general, such as what might happen if a
patient experiences a crisis. Additionally, several providers
raised concerns about managing patient expectations regarding
24/7 access to their provider and ensuring that patients
understood how to handle crises when providers were
unavailable.

The only thing that has come up before... as far as
cell phone and texting technology is somebody trying
to text you in crisis while you’re off work. You’re not
checking, so if there’s something that presents in the
app that is alarming or suggests that this client is in
danger of harming themselves and you haven’t
checked the app in whatever amount of time, that
would be I guess the concern for me too. [P13]

I would want to make sure that whatever the app is
that it stays within the boundaries of how I am
available to the client or not. And I’d want it to be
clear, it’s tricky because if I can get a report about
where they’re at conceivably I could get a report
when they’re having a moment of increased distress
and does that require me to then reach out to them
too? So, I’d want it set up to be like hey either this
app only releases this data to me X amount of times,
so if you put in that you're having a hard time I am
not going to see it. [P11]

Discussion

Principal Findings
The focus of this qualitative study was to gain a deeper
understanding of provider opinions on the use of mental health
apps in general and the BritePath app specifically for treating
teen and young adult patients with depression, suicidality, or
both. Providers in this study had no prior exposure to the
BritePath app. Most were aware of mental health apps in general
and expressed interest in trying the BritePath app with patients
with depression, suicidality, or both. Nearly all providers viewed

mental health apps as a complement to other mental health
treatments rather than a replacement for psychotherapy visits.

Mental Health Apps in General
Most providers were supportive of mental health apps,
recognizing their potential to provide access to information and
skills that could improve youth mental health. Key benefits
included their availability at any time—particularly when
providers were not accessible, such as late at night—and their
ability to reinforce skills such as stress reduction between
sessions. However, providers differed in their level of comfort
with these tools. Some frequently recommended resources such
as online cognitive behavioral therapy programs or anxiety
management apps, while others were less enthusiastic. Most
providers noted that mental health apps might be particularly
useful for younger individuals, as they frequently use phones
and other digital devices. These findings align with existing
research on provider and patient perspectives, which indicate
broad support for digital mental health tools [13,17,33-35].
However, most providers emphasized that apps alone were not
sufficient for youth with significant mental health concerns.
Many explicitly stated that these tools should complement,
rather than replace, psychotherapy.

All providers expressed concerns about patient privacy. They
discussed potential risks related to data collection by apps,
including unauthorized access by individuals other than the
youth (eg, parents) and uncertainties about how app providers
might use collected data. While privacy concerns are common
with app usage in general [13], providers emphasized that data
collected by mental health apps are particularly sensitive and
require high standards of privacy and protection. Several
providers noted that app usage has become so commonplace
that privacy policies are often overlooked, which may be
especially problematic for youth. One provider specifically
highlighted the difficulty in determining how commercial apps
safeguard data privacy, which they found concerning.

Many providers also raised concerns about maintaining youth
engagement with apps. Difficulty in sustaining engagement
with digital tools has been noted in prior studies [36,37]. Several
providers pointed out that they currently have little to no insight
into how engaged their patients are with mental health apps.
This uncertainty tempered some providers’ optimism about the
potential of these tools as a strong aid in treatment.

Providers also identified several logistical barriers to the
effective use of mental health apps. The cost was a common
concern, particularly the potential inaccessibility of apps that
require ongoing payments (eg, monthly fees). Additionally,
several providers noted that youth often experience inconsistent
access to phones due to service suspensions, late payments, or
lack of internet access. While these concerns have been raised
in studies on app use in general [13], they may be especially
critical for youth with mental health concerns, as intermittent
access could disrupt their ability to use these tools as a coping
mechanism.

BritePath App
Each of the potential benefits and concerns providers expressed
about mental health apps in general were also raised in relation

JMIR Hum Factors 2025 | vol. 12 | e64867 | p.567https://humanfactors.jmir.org/2025/1/e64867
(page number not for citation purposes)

Lynch et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


to BritePath, including data privacy, patient engagement, and
cost-related concerns. In some cases, providers expressed
stronger opinions—both positive and negative—specifically
regarding BritePath. For example, concerns about patient privacy
were heightened due to the app’s inclusion of sensitive
information on symptoms and suicidality. By contrast, providers
strongly supported BritePath’s potential to enhance
psychotherapy visits by facilitating more in-depth collaboration
between providers and patients on skill development.

Providers raised several additional themes regarding BritePath.
Many highlighted the value of the app’s personalization features,
noting that these could enhance patient engagement. Most
providers expressed enthusiasm for BritePath’s ability to
facilitate communication between sessions and help providers
prepare more effectively for upcoming appointments.

Providers also raised concerns about ensuring that safety issues
were thoroughly addressed if BritePath were to be used in
practice. While they appreciated the idea of having a safety plan
integrated into the app, they emphasized the need for built-in
safeguards, such as pop-up messages directing patients to
emergency services when necessary. Additionally, providers
wanted to ensure that patients understood that communication
through the app would not guarantee a 24/7 response from
providers.

Practical Implications for Research and Clinical
Practice
Providers suggested several ideas for future research on apps
addressing suicidality in youth. Integrating ambient phone data,
such as activity tracking, could enable more timely and accurate
recording of safety plan activities, reducing reliance on
self-reporting. Additionally, visually linking mood and activity
data, along with incorporating pop-up mood assessments, could
enhance patient awareness of the relationship between mood
and behavior. Increasing personalization in mood tracking and
allowing patients to annotate their mood data may further
improve engagement with the app.

Although providers were enthusiastic about the potential benefits
of a customizable, readily accessible safety plan on a patient’s
phone, many also raised concerns about ensuring the security
of this information. From a clinical perspective, safeguarding
safety plans on the device would be essential for successful
implementation within health systems. Additionally, embedding
a clear and transparent patient consent process into the app—one
that explains who will have access to their data and why—would
be crucial in helping patients understand the risks associated
with using a tool such as BritePath. Furthermore, ensuring that
BritePath is compatible with different phone operating systems
and can integrate with various electronic health record systems
would be key to facilitating widespread adoption in clinical
practice.

Strengths and Limitations
This study provides new insights into providers’ perspectives
on the use of mental health apps for youth at risk of suicidal
behavior. We acknowledge the potential for sampling bias. To
address this, we aimed to recruit a diverse range of providers
from different health systems affiliated with the NIMH Mental
Health Research Network [23]. While this sample may not be
fully representative of providers across all health systems,
participants were drawn from health systems in 7 US states.
Although the sample is not fully representative of all providers
in the United States, it includes a variety of geographic areas,
organizational arrangements, and provider types, ensuring a
diverse range of perspectives. In designing our qualitative
interview guide, we focused on usability and concept testing
rather than adhering to a specific technology adoption theory,
such as the Technology Acceptance Model [26] or the Diffusion
of Innovation Model [27]. However, our interview questions
covered many of the key domains included in these models. We
invited providers who delivered mental health services within
these health systems to participate, without requiring a specific
level of experience with apps or other digital tools in their
practice, as we aimed to capture a broad range of experience
levels. It is possible that providers with a greater interest in app
use were more likely to participate.

One goal of this study was to explore providers’ opinions about
the BritePath app, which was developed for use with youth at
risk for suicide. Specifically, we sought feedback from providers
with no prior clinical experience or knowledge of BritePath to
assess its potential for future implementation in health systems.
Our focus was on understanding the broader applicability of
mental health apps, with a particular emphasis on BritePath.
While we collected limited demographic data on providers, it
is possible that unmeasured factors influenced their perspectives
on the use of mental health apps. For example, although
respondents represented a range of age groups, most were
younger providers, who may have been more comfortable with
apps in general than older providers. Despite these limitations,
this study offers new insights into providers’ perspectives on
mental health apps, including the BritePath app, and highlights
key concerns regarding their use with young patients at risk for
suicide.

Conclusions
The use of mental health apps is expanding, yet more research
is needed to determine how they can be most effectively
integrated into mental health treatment. Most providers
expressed interest in using the BritePath app for patients with
depression, suicidality, or both; however, concerns about privacy
and safety remain.
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Abstract

Background: As technology is integrated into health care delivery, research on adoption and acceptance of health technologies
leaves large gaps in practice and provides limited explanation of how and why certain technologies are adopted and others are
not. In these discussions, the concept of legitimacy is omnipresent but often implicit and underdeveloped. There is no agreement
about what legitimacy is or how it works across social science disciplines, despite a prolific volume of the literature centering
legitimacy.

Objective: This study aims to explore the meaning of legitimacy in health and technology as conceptualized in the distinctive
disciplines of organization and management studies, science and technology studies, and medical anthropology and sociology,
including how legitimacy is produced and used. This allows us to critically combine insights across disciplines and generate new
theory.

Methods: We conducted a critical interpretive synthesis literature review. Searches were conducted iteratively and were guided
by preset eligibility criteria determined through thematic analysis, beginning with the selection of disciplines, followed by journals,
and finally articles. We selected disciplines and journals in organization and management studies, science and technology studies,
and medical anthropology and sociology using results from the Scopus and Web of Science databases and disciplinary expert–curated
journal lists, focusing on the depth of legitimacy conceptualization. We selected 30 journals, yielding 796 abstracts.

Results: A total of 97 articles were included. The synthesis of the literature allowed us to produce a novel conceptualization of
legitimacy as a form of social infrastructure, approaching legitimacy as a binding fabric of relationships, narratives, and materialities.
We argue that the notion of legitimacy as social infrastructure is a flexible and adaptable framework for working with legitimacy
both theoretically and practically.

Conclusions: The legitimacy as social infrastructure framework can aid both academics and decision makers by providing more
coherent and holistic explanations for how and why new technologies are adopted or not in health care practice. For academics,
our framework makes legitimacy and technology adoption empirically approachable from an ethnographic perspective; for
decision makers, legitimacy as social infrastructure allows for a practical, action-oriented focus that can be assessed iteratively
at any stage of the technology development and implementation process.

(JMIR Hum Factors 2025;12:e48955)   doi:10.2196/48955

KEYWORDS

legitimacy; health technology; infrastructure; literature review; technology adoption; health care governance; technology acceptance;
health care delivery; social infrastructure; critical interpretive synthesis
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Introduction

Background
Technological innovations and health care delivery have become
increasingly intertwined in recent decades [1,2]. With each
promising innovation, new questions are raised about how to
integrate the technology into health domains and the social
implications of doing so [2-8]. This problem has given rise to
evaluation processes such as health technology assessment [9]
and a range of government institutions, such as the National
Institute for Health and Care Excellence in the United Kingdom,
to help make decisions about the appropriate use of technologies
in various health care contexts [10].

Questions of legitimacy are implicit in debates about embedding
technologies in health care, and these implicit questions about
legitimacy permeate the literature about health and technology.
While there is limited conceptual work on legitimacy in health
and technology specifically, within the small body of work that
exists, legitimacy is explored through a wide range of theoretical
lenses and conceptualizations. However, there is no consensus
about what legitimacy is or how it works nor is there much
conversation among different branches of the literature. Across
social science disciplines and medicine, legitimacy is affiliated
with many concepts, including “acceptability” [11],
“reasonableness” [12], and “transparency” [3,4]; these terms
are sometimes conflated with legitimacy itself. Definitions of
legitimacy range just as widely, especially among different
disciplines: in organization and management studies (OMS),
legitimacy is often defined as “normative appropriateness”
[13,14], although science and technology studies (STS) and
medical anthropology and sociology (MAS) include definitions
such as “the acceptability of claims to authority” [15,16] and
“accountability for reasonableness” [10] when the term is
defined. Some disciplines, such as OMS, follow a strong
tradition of explicit theorization of legitimacy, while others,
such as medicine, usually do not explicitly problematize or
define the word “legitimacy,” although legitimacy and similar
concepts may play a substantial role in discussions in the field.
Within the same discipline, some authors use legitimacy
interchangeably with other concepts [6], while others focus on
a single subcategory of legitimacy developed from a narrow
line of theoretical thought [17]. Given the breadth and depth of
the literature on legitimacy in health and technology, it is clearly
an important topic. A cross-disciplinary conceptualization of
legitimacy that can be applied to questions about embedding
technologies in health care would allow for a deeper
understanding of these processes.

We chose to focus on legitimacy for several reasons. Legitimacy
specifically is widely used but poorly defined within multiple
fields studying health and technology and points toward social
and organizational processes. Even though legitimacy is clearly
important in studies of health and technology across many
disciplines, it is abstract and there is very little cohesion both
within and across social science disciplines around how it is
produced and how it is used.

To understand the role of legitimacy in relation to the embedding
and governance of technology in health care, we fleshed out the

different ideas and underlying assumptions authors bring to the
OMS, STS, and MAS literature. This paper explores three
research questions: (1) What does legitimacy mean in the context
of health and technology? (2) How is legitimacy produced? (3)
How is legitimacy used to explain the challenges of embedding
technologies in health care? On the basis of a synthesis of the
literature, we developed a novel conceptualization of legitimacy
as social infrastructure. This allowed us to focus on the aspects
of legitimacy related to norms, materialities, semiotics, and
specific relationships among stakeholders and larger systemic
contexts.

Existing frameworks guiding policy intentions around
technology adoption in health care often do not reflect the
realities of everyday practice nor do they focus on the social
processes of embedding technologies in health care [18]. Current
models and frameworks for embedding technologies (in health
care), such as the Unified Theory of Acceptance and Use of
Technology [19] and the Technology Acceptance Model (TAM)
[20,21], provide useful information about the judgments and
perceptions of various actors in relation to a specific technology.
While these models provide useful insights into actors’ intention
to adopt, as well as the ethical considerations they may perceive
and institutional norms they may face, they do not often explain
how and why certain technologies are or are not adopted or
accepted in practice among particular groups and thus can
provide only limited governance support [22]. Most technology
adoption and acceptance models deal primarily with behavioral
intention [20,21]. These models attempt to explain individual
behavior intentions (as a proxy for actual behavior) through an
analysis of a variety of factors, which can include beliefs,
attitudes, perceived control, and perceived norms. This leaves
substantial gaps, including the lack of attention to external
factors impacting the embedding process [20] and any difference
between behavioral intention and practice. Focusing on the
impact of legitimacy within technology embedding processes
can help fill these gaps by allowing for more comprehensive
and nuanced conversations about technology adoption and
acceptance.

A Cross-Disciplinary Legitimacy Conceptualization
The goal of this review is to produce a theoretical synthesis of
how the legitimacy of health and technology is conceptualized.
We aim to generate theoretical insights that will allow for a
cross-disciplinary approach to legitimacy. To do this, we used
the critical interpretive synthesis (CIS) review method to
produce a cross-disciplinary understanding [23] of how
legitimacy is produced and maintained without privileging one
discipline’s theoretical traditions over another’s [24].

We used OMS, STS, and MAS as a disciplinary framework to
understand the different strands of reasoning within legitimacy
studies. OMS includes the most clearly developed theorization
of legitimacy as a concept and several of the best-known review
articles [14,25]. Legitimacy studies is a well-defined subarea
of OMS research that explores legitimacy in the context of
management, entrepreneurship, and institutional endeavors.
OMS primarily focuses on how legitimacy works at the level
of organizations and institutions, rather than among individual
people or through technologies.
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STS explores the social and cultural implications of science,
technology, and technology development [26,27]. STS tends to
focus on controversies, the unforeseen implications of
technology development and adoption, and “black box”
technologies [28] that inhibit full understanding. This contributes
to a strong disciplinary interest in legitimacy, particularly of
technology and medicine. STS centers interactions with
technologies and technical change in legitimacy discussions,
rather than separating the motivations of human actors from
technologies and practices.

Although MAS developed from different traditions, they have
partially converged in the study of medical cultures and
interactions from a qualitative perspective [29], which is also
the focus of legitimacy studies in MAS. MAS generally takes
a skeptical view of taken-for-granted institutions. Many studies
explore the impact of this taken-for-grantedness on people who
are harmed by or left out of these institutions and systems. This
leads to a natural questioning of legitimacy and deeper
exploration of baseline assumptions, particularly in a health
care context. Together, these disciplines explore health and
health technologies with less focus on institutions and more
focus on humans and connections among them. We hope that
greater synthesis of different conceptualizations of legitimacy
could provide a more holistic perspective about how and why
technologies are or are not embedded in health care that
integrates ideas from outside current frameworks based on
adoption, acceptance, and implementation.

This review does not focus on ethics, although some articles
that deal with ethics are included in this review. Within ethics,
there is general consensus that legitimacy in health and
technology is produced through ethical judgments and
values-based reasoning [30-33]. While there is more cohesion
in ethics than in other disciplines that deal with legitimacy, the
scope of the literature is narrower and generally limited to moral
or ethical legitimacy [3,34]. Legitimacy is often defined in
ethical terms across several disciplines, including management,
STS, and health policy. Articles with an ethical focus on health
care technology adoption usually prioritize normative and moral
dimensions of legitimacy, which may or may not be related to
other aspects that contribute to overall legitimacy, such as utility
or social acceptability [35]. While moral legitimacy is an
important dimension of the subject, it has also already been
studied and reviewed extensively and is far more clearly defined
within the literature than other dimensions of legitimacy.
Therefore, we chose to focus on other aspects of legitimacy to
fill gaps in the existing social science literature. In addition, our
review does not center legal approaches. Legal literature defines
legitimacy according to principles of a participatory democracy
[36]. Because the focus of this review is on social processes
rather than democratic principles, we have chosen to center
other means of legitimacy production and thus other branches
of the literature, while acknowledging that democratic principles
can play an important role [15,37].

Methods

Overview
In a research landscape that increasingly encourages and
necessitates interdisciplinary collaboration, a CIS [24] allows
us to develop a richer conceptual frame that can bring these
different disciplines into conversation with one another [23,38].
The CIS method specifically addresses the limitations of
conventional systematic reviews in cases where the objective
is to generate a critical analysis of a body of the literature [24].
It draws on a tradition of qualitative inquiry: rather than
summarizing the literature using preidentified key concepts,
CIS uses an inductive, iterative process to interpret data, develop
key concepts, and synthesize concepts with data through the
process of the review itself [39]. Therefore, CIS produces a
critical interpretation of the data reported in literature, which
allows questioning of taken-for-granted assumptions [24].

We found CIS to be a particularly appropriate review style for
an exploration of legitimacy in health and technology because,
unlike traditional review styles, CIS is adept at dealing with “a
large, amorphous, and complex body of literature” [24]. CIS
synthesizes findings in a way that is both conceptually valuable
to researchers and useful in informing policy. Furthermore, the
CIS review style can manage the abstract nature of legitimacy
across 3 disciplines without reducing the complexity of existing
literature.

CIS is methodological and rigorously structured. However, it
is also labor intensive compared to other review styles and
deprioritizes transparency and full replicability available through
systematic reviews. As in other kinds of interpretive research,
different researchers using the same materials may have come
to different conclusions, and full transparency of analysis cannot
be expected at the same level as quantitative studies. We chose
the CIS method in service of greater interpretive flexibility and
conceptual depth and because it allowed us to account for the
diversity of qualitative research without privileging a small
range of studies that met specific and, here, less-relevant
methodological standards.

Despite many empirical papers that address some aspects of
legitimacy in relation to health and technology, there is a much
more limited number of articles dealing with legitimacy in the
domains of health and technology at a conceptual level.
Therefore, we adopted broad definitions of both technology and
health, including as many articles with strong legitimacy
theorization as possible. “Health” in this paper refers to “human
health and well-being”; “technology” includes “any devices,
machinery, or equipment developed for the application of
scientific knowledge that may impact human health.” We
acknowledge that there are potentially many other ways to
operationalize these concepts that could be relevant to this
review and health care in general [40]. Given the broad,
conceptual focus of the review, as well as the wide range of
distinctive technologies considered, we introduced 2 measures
that allowed us to provide a clear focus. First, we zoomed in on
conceptualizations of legitimacy; it was outside the scope to
examine the specific empirical contexts and details of these
conceptualizations (ie, the use of specific technologies within
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specific health practices). Second, looking at specific disciplines
proved helpful to demarcate boundaries around our topic. We
used academic disciplines as the basis of our theoretical
categories to give structure to a broad and abstract review,
following in a strong disciplinary synthesis tradition established
by other CIS researchers [23,38].

Our review was conducted in 4 cycles [38]. In the first cycle,
we conducted an exploratory search in relevant journals with
many articles on legitimacy in the context of health and
technology. Using this search and subsequent iterations, we
refined inclusion criteria (for instance, a threshold for legitimacy
theorization) to determine a list of disciplines, journals within
each discipline, and articles within these journals that would be
a part of our review (see Multimedia Appendix 1 for details).
In the second cycle, we read and coded included articles directly
from the text, then grouped codes into thematic areas. Third,
we analyzed legitimacy in health and technology within each
discipline through interpretive disciplinary summaries. Finally,
we developed a synthesizing argument across all 3 disciplines,
based on these interpretive summaries.

Search Strategy
Journals within each discipline were selected for the review
manually. Given the interdisciplinary nature of this review, we
sought to include relevant journals within each discipline from
a wide range to ensure diversity of perspectives.

The first author ran an initial search in Google Scholar and the
Web of Science (WoS) database using the terms “legitimacy,”
“health,” and “technology.” However, it became clear that
regardless of how specific the search criteria became, most
records returned through a database search would not include
deep conceptualizations of the term “legitimacy.” This is
because this term is commonly used across many disciplines as
an unproblematic descriptor of technologies, legal processes,
narrative choices, medical decisions, policies, and institutions.
Therefore, we switched to a more iterative, manual strategy for
discipline and subsequently journal selection (Textbox 1). The
first author searched through a few of the major journals (based
on impact factor or prior knowledge of the review team) in depth
to understand whether studies addressing questions of legitimacy
in a specific discipline generally included deeper
conceptualization. This method allowed us to narrow down the
disciplines to be included (see Multimedia Appendix 1 for
details).

JMIR Hum Factors 2025 | vol. 12 | e48955 | p.575https://humanfactors.jmir.org/2025/1/e48955
(page number not for citation purposes)

Howe et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Textbox 1. Selected journals.

Organization and management studies

• Journal of Business Venturing

• Journal of Management Studies

• Organization Studies

• Organization Science

• Administrative Science Quarterly

• Health Care Management Review

• Strategic Entrepreneurship Journal

• Health Care Analysis

• Strategic Organization

• European Journal of Public Health

Science and technology studies

• Science as Culture

• Science, Technology and Human Values

• Social Studies of Science

• Social Epistemology

• Journal of Responsible Innovation

• AI & Society

• Big Data and Society

• Risk Analysis

• Information Communication & Society

• Research Policy

Medical anthropology and sociology

• Medical Anthropology

• Medical Anthropology Quarterly

• Anthropology & Medicine

• Qualitative Health Research

• Critical Public Health

(interdisciplinary journal: some articles included within science and technology studies)

• Sociology of Health & Illness

• Health: An Interdisciplinary Journal for the Social Study of Health, Illness and Medicine

• Social Science and Medicine

(interdisciplinary journal: some articles included within science and technology studies)

• Sociology-The Journal of the British Sociological Association

• Sociological Theory

Upon the selection of disciplines, journals were first included
based on impact factor: the top 10 journals in each discipline
according to the WoS formed the base of the list. Then these
journals were screened for topical relevance, and lower-ranked
journals were excluded when the topic was not relevant. Finally,
journals were added from library guides created by universities
that are well-known in the field, especially if no definitive
rankings were available from the WoS (STS) or there was too

much disciplinary overlap in the rankings (MAS). This resulted
in a list of approximately 20 journals per discipline. We then
screened all journals for legitimacy, health, and technology
results to produce the final list, prioritizing journals that
contained significant theorization and conceptual work around
legitimacy (see Multimedia Appendix 1 for details).
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Selection Process

Overview
A total of 791 abstracts were selected for initial review in April
2021 (Figure 1). Articles were sorted based on inclusion criteria:
an article was included if there was evidence of explicit

theorization or problematization of legitimacy in the abstract
and the subject of the article was health or technology or both.
A final search for more recent articles was run in August 2022,
resulting in 1 additional inclusion. Multimedia Appendix 1 gives
more information about the inclusion criteria.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of inclusions. WoS: Web of Science.

Triangulation
The first author (SH) read all 791 abstracts and categorized
them according to the inclusion criteria as “include,” “exclude,”
or “review.” The last author (RW reviewed 79/791, 10% of the
total articles’ abstracts at random (every 10th article when
arranged in alphabetical order by author name). The resulting
inclusion list closely matched SH’s selection. In the 7
disagreements, the 2 reviewers came to a joint decision about
each contested article and edited the inclusion criteria. SH then
reviewed the abstracts again. With no disagreements following
this protocol, the literature list of 96 articles was finalized in
March 2021, with an addition of 1 article in August 2022,
bringing the total to 97, including, by discipline, 48 for STS,
29 for OMS, and 20 for MAS [4-8,10,12,13,15,16,37,41-126].

Synthesis Methods
The goal of our initial analysis was to develop “synthetizing
constructs” for each discipline, which “build on the explanations
and interpretations of the constituent studies and are
simultaneously consistent with the original results while
extending beyond them” [24]. To accomplish this, SH first

coded themes across a random selection of 30 articles spread
equally across the 3 disciplines in Atlas.ti (ATLAS.ti Scientific
Software Development GmbH). Inductive coding began with
words taken from the article text. We made an exception for
deductive codes relating to assumptions made as part of our
“critical and reflexive approach” to this review [24]; for
instance, coding whether articles discussed legitimacy as a
process, perception, or asset based on our background
understanding of existing legitimacy theorization across multiple
disciplines. SH grouped codes by theme within each discipline.
This thematic analysis was performed with the help of tables
of code co-occurrences, generated in Atlas.ti, which showed
overlap of unique codes within each document; this allowed us
to understand when codes could be combined into a theme. We
also used network visualizations, which helped us understand
how different aspects of legitimacy may relate to one another
on a broader scale (see Multimedia Appendix 2 for an example
of one of these visualizations). This process allowed reviewer
SH to maintain a differentiated perspective on each discipline
and acted as a memory aid for the reviewer given the volume
of the literature. SH then wrote summaries of the approach to
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legitimacy within each discipline, which were discussed with
RW. SH coded the remaining articles using Excel (Microsoft
Corporation) while editing the disciplinary summaries as
necessary. Multimedia Appendix 1 provides an example.

SH developed a synthesizing argument that could connect
constructs of legitimacy across all 3 disciplines. SH tested the
fit of different conceptualizations with the disciplinary
summaries and then explored the development of these
metaphors with RW. After SH had read 90% (87/97) of the
articles, no further edits or additions to the disciplinary
summaries or synthesizing argument were necessary, likely
indicating data saturation.

Results

Organization and Management Studies

What Does Legitimacy Mean?
The basis of legitimacy epistemology in OMS can be traced to
the highly influential paper by Suchman [14]. His definition of
legitimacy still forms the basis of most subsequent theorizing
in this field: “Legitimacy is a generalized perception or
assumption that the actions of an entity are desirable, proper,
or appropriate within some socially constructed system of norms,
values, beliefs, and definitions” [14].

This definition builds from and expands on Weber’s [127]
understanding of legitimate authority, among other
conceptualizations [41], focusing on the application of Weberian
legitimacy concepts such as “tradition, affectual attitudes, value,
and legality” [127] within a “socially constructed system of
norms, values, beliefs, and definitions” [14]. Bitektine and
Haack [128] further expanded on the Weberian connection to
Suchman [14] with a multilevel legitimacy theory that
differentiates among legitimacy judgments at the individual and
collective levels [42]. Because of strong theoretical cohesion
in this discipline, authors draw generously from these theoretical
traditions, and most legitimacy subtypes are variations of
normative legitimacy. Normative legitimacy deals with the
norms, systems, and underlying assumptions that result in an
institution, technology, or system being considered legitimate,
and is generated through systems and social processes that may
not be made explicit until there is a legitimacy crisis [41].

This definition is notable for its understanding of legitimacy as
a perception of actions based on socially constructed norms and
implicit conceptualization of legitimacy as a taken-for-granted
state. However, perhaps more important is what is left out:
because legitimacy is “generalized,” it is not dependent on
materialities or physical space, nor does the definition of
legitimacy change specific to relationships among institutions
or individuals. Our critical interpretive analysis shows that these
kinds of assumptions seem to help determine the lines of
reasoning for most OMS legitimacy scholars included in this
review.

Our analysis shows that OMS legitimacy studies constitute a
cohesive body of literature in which theoretical contributions
are made incrementally. For instance, most authors outline
exactly how they are adding to the existing literature (usually

based on the definition by Suchman [14]) in a specific way. For
instance, articles often divide legitimacy into ever more granular
categories such as “network legitimacy” [43] and “actional
legitimacy” [44] or focus on a particular aspect of the definition
by Suchman [14] to explore in more depth, such as “normative
appropriateness” [129]. Therefore it is easy to trace the lineage
of theory. However, because every article adheres to the same
framework, there is less diversity of thought. In light of this, a
division could be made between technology literature and health
care literature. Technology literature, usually with an
entrepreneurship bent, tends to focus on audience perception
and innovation framing through discourse, by teaching
entrepreneurs how to appeal through discourse to different kinds
of funding audiences [45]. For example, entrepreneurs seeking
crowd-based funding are advised to make “contribution claims”
emphasizing identity and added value to the funding community,
rather than institutional ties or the significance of potential
scientific or social advancements that may legitimate the
entrepreneur to other audiences [45]. Health care literature
focuses mainly on institutional legitimacy, for instance, by
examining the negotiations involved in academic health center
mergers [46] or the role of physician executives in institutional
contexts [47]. For example, Kitchener [46] emphasizes that
even as new sources of legitimacy for an academic health center
became necessary in the wake of both a merger and a changing
environment, the aim was to create an “aura” of legitimacy
within a new institutional logic; in other words, even though
the source of legitimacy changed, it was still defined through
institutions.

How Is Legitimacy Produced?
On the basis of the literature reviewed for this study,
conceptualizations of legitimacy production in OMS fall into
3 categories. Legitimacy-as-process, or legitimation, is “an
interactive process of social construction” [25], often with
clearly delineated steps toward generating legitimacy [48,130].
Articles using this conceptualization tend to track change over
time [13,49,50], for instance, by examining the legitimation
journey of a single innovation over decades [50]. Legitimacy
as perception or “a social judgment, an evaluation, a
socio-cognitive construction” [25] is used most frequently in
relation to audiences or the question “legitimate to whom?”
usually when examining innovations within larger organizational
contexts [45,51,52]. Finally, a legitimacy-as-property
conceptualization, in which legitimacy is viewed as an asset to
be gained, increased, or lost [25], emphasizes how an entity
gains legitimacy rather than differences between legitimate or
illegitimate entities; this conceptualization appears to play a
smaller role in more recent work. Legitimacy as a process and
legitimacy as a perception are often used simultaneously within
the same paper; there is an acknowledgment that both
perspectives can offer valuable insights. For instance, McKnight
and Zietsma [53] describe the process through which new
ventures can achieve “optimal distinctiveness” (a perception)
through framing and collaboration strategies (a process).
Similarly, Garud et al [54] discuss entrepreneurial storytelling
as a legitimation process that relies on audience perceptions,
thereby promoting an understanding of audience perceptions
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as part of analyses of different narrative techniques, which are
framed as processes of legitimation [53].

How Is Legitimacy Used?
Within the literature reviewed, we noted that legitimacy is often
assumed in OMS to be necessary for resource acquisition and
is mostly relevant in an institutional setting. Because resource
acquisition is the raison d'être of business in capitalism,
legitimacy is considered essential. All literature included in our
review aims to explain legitimation journeys or to advise
institutions and entrepreneurs on how to move toward
legitimacy. The stated goal is often to advance legitimacy theory
within OMS, rather than explore empirical evidence beyond
specific case studies.

Our analysis shows that nearly all legitimacy problems in OMS
are framed as problems of categorization: either an institution
or innovation has been miscategorized by its intended audience,
or it has not yet been categorized [51]. Because of this, there
are several articles that deal with the paradox of legitimacy for
disruptive innovations: the innovation must conform to a
category to be seen as legitimate, but it will not be seen as
necessary unless it also distinguishes itself within the category
[45,53,54]. Articles often describe how entrepreneurs can strike
this balance or analyze how an older innovation navigated the
paradox. For instance, Ruef and Scott [41] produced a
multidimensional model of legitimacy designed to help hospitals
use knowledge of legitimacy norms and categorization to “attract
managerial legitimacy.” Other authors provide articles that,
while academic, can also be interpreted as how-to guides for
entrepreneurs attempting to formulate narratives for different
audiences. Articles in this category posit that entrepreneurs must
fit the narrative to the correct category of both the legitimacy
problem [54] and the audience’s perspective [45].

Articles discussing specific innovations often explore problems
of categorization through “institutional logics” [45,46,55] or
the forms normative legitimacy may take within a particular
institution. These articles acknowledge that different institutions
have different norms, and therefore, entrepreneurs and
innovators must adapt their storytelling to “fit” with the
institution. Our analysis of the OMS literature showed that
institutions that are taken for granted have no narrative
flexibility. This means that any changes made not only require
buy-in from professionals but also immediate practical
implementation of changes (such as shifting patient education
responsibilities from physicians to nurses) to avoid becoming
mired in default institutional processes [56]. However, an
entrepreneurial venture wrestling with liability of newness [53]
has nearly endless opportunities for narrative reframing and
limited risk of stagnation in nonexistent institutional processes
[45].

Summary
In short, OMS seems to heavily theorize granular definitions
of legitimacy, derived mostly from normative legitimacy. Most
articles describe how organizations can move from illegitimate
to legitimate status. Legitimacy must be negotiated at multiple
levels and can be conceptualized as a process, perception, and
asset. On the basis of our initial analysis, legitimacy in OMS

rests on taken-for-grantedness and categorization according to
institutional logics; it is hampered by liability of newness [51]
and difficulties fitting into an institutional logic or other
category.

We now move on from the critical interpretation phase of CIS
methodology and toward synthesis. We develop synthetic
constructs to metaphorically unite major themes within each
discipline. While the OMS line of reasoning is somewhat
homogeneous, our interpretive analysis shows that there is
acknowledgment that different institutions use different systems
of thought, or institutional logics, to judge and negotiate
legitimacy. Stakeholders must navigate these different systems
by fitting themselves into clear categories. However, the system
by which legitimacy is judged and negotiated is rarely fully
navigable to any one stakeholder.

In this way, navigating legitimacy in OMS is like using a
highway system. The roads themselves (in this case, pathways
to legitimacy) are clear and concrete but can only be used by
particular categories of vehicles in particular locations, in the
same way that, for instance, entrepreneurs must use particular
discourses (ie, roads) to legitimate their invention to certain
audiences (locations) [45,50,54]. The metaphor of the highway
system allows us to capture OMS’ conceptualization of
legitimacy as a rule-bound system of connections, driven by
institutions. The highway system metaphor shows us that the
OMS perspective on legitimacy is unusual for how fully
theorized and comprehensive it is. However, in the same way
that mapping a highway system alone does not describe
everything that happens on the road, this metaphor also helps
us articulate gaps in OMS theorization. OMS focuses on
pathways to legitimacy, institutional involvement, and
categorization; however, it can be difficult to explore the
moments of legitimacy breakdown, unexpected contradictions
within legitimacy journeys, and the influence of materialities
on legitimacy within the concrete and bounded pathways that
make up legitimacy conceptualization in OMS.

Science and Technology Studies

What Does Legitimacy Mean?
Within the legitimacy literature reviewed, nearly all STS articles
dealt with health care or science practices on the edge of
scientific validity or public acceptance, usually by focusing on
controversial technologies. Authors seemed to pay significant
attention to the audience for these controversies. Innovations
explored within STS also include changes in health care and
scientific systems or discourses, for instance, the process of
creating new institutions within an academic environment [57].

In this way, it seems that legitimacy in STS can only be
discussed easily when it is in question. This may be linked to
STS’s longstanding focus on controversies as strategic locations
of research and the STS tendency to “stay with the trouble”
[131]. Taken-for-grantedness may be considered such an integral
part of legitimacy that it raises red flags in a discipline that is
highly sensitive to unintended consequences.

However, in the STS literature reviewed, legitimacy itself is
rarely the subject of an article. Our interpretive analysis shows
that legitimacy is still undertheorized in STS, in that many
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articles do not reference other legitimacy literature or define
the term. When legitimacy is explored in depth, authors tend to
deal with it as a type of knowledge coproduced at the site of
controversy between human and nonhuman actors. For instance,
2 articles examine the demarcation of boundaries in discourse
about future-facing technologies; in these articles, narratives
about nanotechnology and forensic science both impact and are
impacted by developments in the technology [16,58]. For
instance, Selin [16] demonstrates that even if a single vision of
the future of nanotechnology is accepted by scientists over all
others, competing visions may still have an impact on the
direction of technological development via other avenues, such
as governance and funding. We interpret this as evidence that
legitimacy is coproduced between the narrative around new
scientific disciplines and concrete innovations within those
disciplines.

A consequence of the focus on disputed boundaries that we
observed in the STS literature seems to be that STS scholars
treat legitimacy as mutable. Boundary work [59] articles
conceptualize legitimacy as a process that happens through
negotiation within relationships among people and institutions.
Boundary work deals with how people and institutions negotiate
changing roles, limits, and responsibilities, often in relation to
knowledge practices [59]. Within our review, most authors seem
to use boundary work only as an explanatory framework for
discursive strategies, but some articles include writing and
practices as instances of boundary work [60]. For instance,
Granja and Machado [58] describe how forensic scientists
clearly demarcate their expertise and the limits of their role in
the justice system through both discursive strategies and
practical performances of accountability such as fastidious
record keeping as a strategy to maintain their legitimacy. While
perception can play a role in this process, we found no STS
boundary work articles within the literature reviewed that
consider legitimacy to be merely an asset. We interpreted this
as possible evidence of the STS disinclination to consider any
relationship or object to be fixed and a general disciplinary
focus on processes of knowledge production.

How Is Legitimacy Produced?
We found that processes of legitimacy coproduction of new
technologies in health care are described in relationships among
a variety of human and nonhuman actors [28]. STS seems to
resist explanations that pin legitimacy’s presence or absence on
a single explanation or strategy. Instead, by examining the
influence of nonhuman actors, STS encourages readers to
embrace complexity in legitimacy relationships. For example,
Barker [61] discusses how a drug marketing campaign
legitimated a contested illness; McLevey [62] details how
legitimacy goals for policy recommendations change how think
tanks make knowledge; and Greco [63] uses the concept of
“scientific ideology” to explore how the placebo effect threatens
the legitimacy of scientific rationality in biomedicine. In these
examples, the influence of unexpected nonhuman actors shapes
legitimacy in a porous way; this influence adds complexity to
legitimacy relationships. These examples thus turn the
“expected” legitimacy relationship upside down. Barker shows
that a treatment can make an illness legitimate (rather than an
illness becoming legitimate and then treatment being developed).

McLevey [62] demonstrates that knowledge may be made to
legitimize policy recommendations (rather than knowledge first
being created and then informing policy decisions). Finally,
Greco [63] posits that a biomedical effect can threaten the
legitimacy of biomedicine (rather than biomedicine creating
biomedical effects that reinforce its legitimacy).

How Is Legitimacy Used?
Through our critical interpretive analysis, legitimacy in STS
appears to be yet another “two-faced Janus” [28], in that it is
coproduced by both taken-for-granted processes and unexpected
assemblages, which may appear contradictory. For instance,
Brown and Michael [64] note that the institutional mechanisms
for validating scientific discovery play a part in legitimizing
medical use of pig organs. However, the authors also find that
these taken-for-granted institutional processes are not enough
to legitimate transspecies transplantation. Rather, porcine donor
organs are legitimated in their interpretation through an
unexpected assemblage of institutional processes and scientific
and cultural judgments about pigs. While anatomical similarities
between humans’ and pigs’ organs exist from a scientific
perspective, human-pig differences legitimate porcine donor
organs (over, for instance, monkey organs) from a cultural
perspective [64]. These apparent contradictions do not threaten
the legitimacy of porcine donor organs; instead, the authors
interpret these contradictions as necessary to establish legitimacy
for a controversial innovation in medicine.

While most articles in the reviewed STS literature use the
concept of legitimacy to explore complexity in relationships
among technologies, ideas, people, and institutions, a small
subset of the literature consists of discourse analyses focusing
on language as the only vehicle of legitimation [4,62]. In these
articles, there is no room for other means of legitimation, such
as nondiscursive practices, language-free materialities, or
physical space. In addition, policy-oriented articles about
discourse-based legitimation strategies tend to view these
strategies as mutually exclusive: “legitimacy can only be
achieved if complexity is reduced via language” [65]. This
appears to be a radical departure from the assembled view of
legitimation present in most STS articles, in that legitimacy is
produced by specific arguments designed to convince one party
that another is legitimate, rather than through the complexity
of negotiation among people, technologies, ideas, and
institutions. However, both STS subgroups use legitimacy as a
relational concept, whether relationships are implied through
arguments or complex negotiations.

Summary
Our analysis demonstrates that STS approaches legitimacy
through controversy and contestation. Because of its empirical
orientation and wide variety, the way legitimacy is approached
in STS cannot be viewed as theoretically cohesive. We found
that STS explores legitimacy as an artifact of knowledge
coproduction, centering nonhuman actors and complex
legitimacy processes through discourse, practices, or both. In
one conceptualization, legitimacy is viewed as a constant and
complex negotiation among actors and their contexts. However,
discourse analyses often view the complexity of these
relationships as a problem for legitimacy rather than an integral
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aspect of the concept. Despite this divergence, nearly all STS
literature reviewed seems to assume that legitimacy is relational
and includes nonhuman actors, contexts, and practices of
knowledge production.

Moving toward our synthetic constructs, we posit that in STS,
the coproduction of legitimacy through both taken-for-granted
processes and unexpected assemblages functions such as the
mutable infrastructure of a computer operating system. The
hardware of the computer does not change (much), even though
the overall capacity of the computer relies on constant updates
of existing software. New operating systems build on what came
before while adding something new to stay relevant. Similarly,
the legitimacy of technologies in health care is viewed
predominantly as being built on underlying infrastructures, such
as evidence-based medicine (EBM) and laboratory protocols.
However, it is also considered to be shaped by unexpected
influences, such as the coexistence of traditional medicines with
EBM standards [66] and popular conceptualizations of new
technologies that do not align with the use of those technologies
by experts [58]. Furthermore, legitimization of a technology
may have unexpected consequences, such as a medicine
legitimizing an illness [61]. Legitimacy, according to STS
scholars, must be constantly negotiated among nonhuman actors
through an iterative process that is most visible at the
boundaries. Through the metaphor of computer operating
systems, STS emphasizes a dualistic perspective of legitimacy.
Legitimacy in STS depends on the mutability and unexpected
creativity of practices, actors, and context (ie, software);
simultaneously, this “software” of legitimacy must be built on
top of preexisting systems that are much more rarely changed
in substantial ways (ie, hardware). Without these preexisting
systems, the knowledge production practices delineated by STS
scholars have nowhere to operate.

Medical Anthropology and Sociology

What Is the Meaning of Legitimacy?
On the basis of our critical interpretation of the MAS literature
under review, we found that MAS tends to center relationships
among people within larger systems and physical spaces, rather
than the nature of the systems or institutions themselves. Similar
to STS, the MAS literature reviewed usually discusses
controversies rather than strategies of legitimation.

Because few articles use concrete definitions of legitimacy or
conceptualizations that reference any other body of literature,
even if they discuss legitimacy issues in depth using empirical
evidence, we found legitimacy to be undertheorized within MAS
as a discipline. Several articles use terms such as “medical
legitimacy” [6] or “narratives of legitimation” without
definitions [67]. Some define legitimacy only in relation to
another concept [12,68,69]. More than any other discipline,
MAS seems to veer toward legitimacy definitions that are
limited by subject and narrow [59] in scope: for instance, “being
legitimately on sick leave requires both a certified illness and
the inability to perform one’s work as a result of that illness”
[70]. In our interpretation, this appears to allow for more
empirical grounding but prevents conversation with other
literature about legitimacy as a larger concept. Within the MAS

literature reviewed, legitimacy is always relative, in that there
is no universal legitimacy that works across all contexts.

However, there is still some cohesion visible among a subset
of articles in the discipline. Several authors frame legitimacy
as a form of “symbolic capital” in the Bourdieuvian sense
[69,71,132] that can be used for resource acquisition. These
articles and others also use boundary work [59] to describe the
legitimacy of professional roles as a negotiation of boundaries
mostly through discourse [72]. In combination with the
disciplinary tendency to focus on the disenfranchised, these
framings paint legitimacy as a power issue [37].

The literature reviewed seems to prioritize nuanced accounts
of both social processes in contested situations and the spaces
and materialities that shape the contestation of a technology.
For instance, in an exploration of medical quackery in South
Africa, Hornberger [68] shows that even when using medically
useless technologies, providers of these technologies can
construct legitimacy for their patients because of contextual
elements, such as lower education levels, local beliefs, and
problems accessing proven medical treatments. Spaces,
materialities, and relativity appear to be especially important
in articles about disconnects between policy and practice in
professional settings [73]. For example, Perrotta and Geampana
[7] explore how in vitro fertilization (IVF) professionals
navigate the disconnect between the standards of EBM and the
enthusiasm of patients for the latest technologies. In another
account of IVF, Barnreuther [84] notes that because the research
took place in a physician private home in India, as opposed to
an institutional setting in a Western country, the resulting
technical success was deemed illegitimate and went
unrecognized in both medicine and research for decades. We
find that these kinds of nuanced accounts present a deeper and
more empirically grounded understanding of the meaning of
legitimacy in context, despite a lack of theorization.

How Is Legitimacy Produced?
Our critical interpretation of the MAS literature emphasizes the
intertwined nature of practices, discourses, social processes,
and materialities in the production of legitimacy. Authors often
seem to assume these are impossible to separate from each other
without losing meaning. For instance, in a study of the use of
restraint in a hospital psychiatry ward, McKeown et al [74]
examine how boundaries of space (ie, office or patient area),
identity (ie, health care professional or patient), and diagnosis
work together to legitimize or delegitimize the use of force in
context. In this way, legitimacy is defined, not merely
influenced, by the environment in which it is generated [75].

When legitimacy is conceptualized as a power problem,
categorization seems to solidify the standing of
already-legitimate actors. Meanwhile, power appears to become
less accessible for the illegitimate when professional boundaries
are unclear [69,76-78] or impermeable to outsiders [8,79,80].
Common MAS topics include contested illnesses and attempts
of patients to receive treatment [70,80,81] and role negotiations
of nonmedical practitioners within the medical establishment
[69,79,82-84]. In both cases, power imbalance is usually framed
as the primary obstacle to legitimacy, which is necessary for a
more egalitarian redistribution of power. Although some authors
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argue it is possible to have some power without legitimacy
[72,82,84], the physical location of institutions, people, and
technologies still defines flows of resources, manifesting in, for
instance, differential treatment of patients at a rural hospital
that would be unlikely at an urban hospital due to differences
in hospital conditions rather than patient deservingness [85].
On the basis of these examples, our interpretation is that MAS
and OMS have some overlap in this area in that both disciplines
seem to approach legitimacy as an issue of access to resources.

How Is Legitimacy Used?
MAS literature reviewed often examines how legitimacy can
flow through the taken-for-granted artifacts of professionalism.
These artifacts include prescriptions [78] and
complicated-looking fake medical machines [68]. Because the
object itself is imbued with legitimacy through specific qualities
in the professional context (eg, an appearance of being “official”
or “high tech”), artifacts in these articles seem to reinforce the
legitimacy of the pharmacist writing the prescription or the
practitioner using the machine. Material artifacts may also
include larger systems such as old IT infrastructures or
preexisting contracts that impede desired change within
institutions [73], implicitly reinforcing the legitimacy of
institutional systems. While these materialities impact potential
changes in legitimacy, they are usually not the subject of debate
in the MAS literature. Therefore, it seems that the legitimacy
of the prescription-writing pharmacist may be contested, but
the prescription itself usually is not [78].

Summary
Our critical interpretation of the MAS literature is that
legitimacy in this discipline is a relative and context-dependent
concept. Legitimacy is often understood to be intertwined with
power relations, but authors disagree about the nature of this
connection and its implications. Finally, MAS articles center
sites of controversy in which the subject has already been
deemed illegitimate by focusing on space, materialities, and
relationships. MAS authors appear to use these lenses to
question “default” narratives of legitimacy in favor of exploring
how and why a technology, system, group, or experience came
to be viewed as illegitimate.

Here we develop our final disciplinary synthetic construct. Our
interpretive analysis found that in MAS, legitimacy is physical,
material, and always relative. Therefore, we employ the
metaphor of a building’s plumbing: each part of the system,
from the pipes to the faucets, performs a different function,
which defines both their physical form and location. No two
buildings can have identical plumbing systems, because no two
buildings, even if constructed similarly, are situated in exactly
the same location—thus, they must connect to the local
environment in different ways. In much the same way, the
materialities of health and technology, and how these
materialities interact with spaces and actors, are considered to
define the legitimacy of health and technology in MAS. A
“quack” technology reads as legitimate instead of “fake” because
of both its physical form and the spatial context it inhabits [68];

an innovation such as IVF in the “wrong” space may never be
recognized as innovation at all [84]. In both cases, if we
understand legitimacy to be an infrastructure that is dependent
on both space and materialities, we can better connect the
different underlying systems and elements that comprise
legitimacy for health technologies. A sink connected to a sewer
line requires multiple specific parts, arranged in a particular
way, running through a particular location, to function. In the
cases noted earlier, materials, the spaces in which they are
developed, and the spaces in which they are used must be
arranged in particular ways for technologies to be considered
legitimate, whether the audience is the international scientific
establishment [84] or residents of a rural South African
community [68]. The metaphor of a plumbing system
emphasizes the categorical importance of context and physical
materials in the construction of legitimacy: in MAS, legitimacy
cannot exist without these. Therefore, this metaphor also helps
us understand why MAS generally avoids comprehensive
definitions or theorization of legitimacy; other than a few basic
building blocks, systems of legitimacy for MAS are essentially
viewed as nontransferrable between contexts.

Synthesizing Argument: Legitimacy as Social
Infrastructure
Legitimacy is omnipresent and important within all 3 disciplines.
However, it is often undertheorized and the subject of many
implicit assumptions across MAS and STS literature. In OMS,
conversely, increasingly detailed theorization results in the
proliferation of “subtypes” of legitimacy with limited empirical
support (see Table 1 for more details). Our synthesizing
argument allows us to bring these different disciplinary
traditions into conversation with each other through a new
conceptual framework for legitimacy.

Using the 3 disciplinary metaphors we developed, we propose
that legitimacy can be conceptualized as a social infrastructure,
based on the criteria for an infrastructure by Star and Ruhleder
[133]. If we combine the metaphors of a highway system
(OMS), computer operating system (STS), and plumbing system
(MAS), we begin to see the building blocks of an infrastructure
that can support an entire city (Figure 2). Each metaphor shows
a particular element of city infrastructure (ie, understanding of
legitimacy) clearly. However, similar to a layered map of a
city’s interconnecting infrastructures, we gain a fuller picture
of how legitimacy works in health and technology when we
layer the metaphors to view their intersections and divergences.
Knowing how computer systems monitor traffic and manage
stoplights helps us better understand both computer systems
and highways; similarly, an STS understanding of how
unexpected assemblages may work with taken-for-granted
processes can help us better understand how these unexpected
assemblages may impact theory about taken-for-granted
processes in practice within OMS. Therefore, such a layered
map allows for a richer conceptualization in which there is room
for different approaches to legitimacy without denying the
validity of any single conceptualization.
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Table 1. Disciplinary characteristics: legitimacy in organization and management studies (OMS), science and technology studies (STS), and medical
anthropology and sociology (MAS).

MASSTSOMS

Limited theoretical exploration, re-
liance on granular definitions based
on empirical evidence

Some theoretical exploration but limited
theoretical cohesion

Major focus on theory, granular defini-
tions of legitimacy common; normative
legitimacy most prevalent

Theoretical foundations

A relative and context-dependent
concept intertwined with power rela-
tionships

A product of knowledge coproduction; a
negotiation among human and nonhuman
actors, contexts, and epistemic cultures

A process (of negotiation); perception;
or asset, and sometimes as several of
these at once.

Conceptualized as

Explore how and why a subject came
to be viewed as illegitimate

Investigate instances of controversy and
contestation

Describe how organizations can move
from illegitimate to legitimate status

Purpose of literature

Materialities, relationships, and spaceRelationships, taken-for-grantedness, and
unexpected assemblages

Taken-for-grantedness; categorization
and standardization

Most important related
concepts

Figure 2. Disciplinary metaphors. MAS: medical anthropology and sociology; OMS: organization and management studies; STS: science and technology
studies.

Similar to a physical infrastructure, legitimacy can be understood
as a binding fabric that makes possible certain types of
relationships among people, institutions, and technologies. In
our conceptualization, legitimacy is an inherently relational
concept: it can only exist between two or more entities, rather
than within the perceptions of a single person or institution. The

notion of social infrastructure makes space for legitimacy to
exist outside of human judgments, without devaluing the
importance of perception in the production of legitimacy. Just
as infrastructures consist of both materialities and abstract
systems (eg, roads are made of concrete, but their use is
facilitated by traffic laws), social infrastructure melds semiotic,
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material, and normative aspects of legitimacy and explores how
they might work together. Infrastructure thus allows for the
integration of disparate and seemingly contradictory aspects of
making legitimacy. While Star [134] has emphasized that
infrastructure is inherently a “relational property,” we use the
word “social” to focus on how legitimacy supports specific
types of relationships among people, institutions, and
technologies; in particular, how these relationships are shaped
by implicit and intangible norms and values [135]. For instance,
understanding the nuances and norms of pharmacists’
relationships with both physicians and health care institutions
reveals why a simple policy change allowing pharmacists to
prescribe medication legally is not enough to legitimize the
practice [78]. This moves us away from conversations about
legitimacy as a conduit for resources and toward more clarity
about how legitimacy acts as a binding fabric within social
relationships.

Descriptions of legitimacy across all 3 disciplines fit the criteria
for an infrastructure by Star and Ruhleder [133]. For instance,
legitimacy is usually only visible “upon breakdown” [133].
Contestation and controversy are the only sites of legitimacy
exploration in MAS and STS; in OMS, legitimacy is discussed
in terms of desired change in legitimacy status (ie, moving from
illegitimacy to legitimacy), and contestation is captured
explicitly through concepts such as “liability of newness”
[53,54]. In addition, maintenance of this social infrastructure
happens through continued adherence to legitimizing protocols
and norms within relationships; deviations can result in a crisis
of legitimacy. In this sense, legitimacy is characterized by a
strong fit with predefined categories and “standards” [133] in
many articles [45,53,65,85], even when legitimacy itself is not
defined. In our conceptualization of legitimacy, norms and
values make up the “installed base” into which legitimacy is
embedded [133] and are responsible for legitimacy’s
taken-for-granted nature.

Legitimacy also acts similar to infrastructure, in that it can be
used to invisibly support the work of organizations,
technologies, or people [55,86,133], often by allowing for
acquisition of resources or power [69,87]. In fact, values and
norms are often so deeply entrenched and invisible that even
the infrastructure supporting them (ie, legitimacy) becomes
taken-for-granted and invisible itself. This combination can
make it extremely difficult for any contradictory experiences
or knowledge to find expression within a society’s
taken-for-granted, unquestioned truths [85,88,89,132].
Therefore, it is understandable why the moments of crisis when
legitimacy is “visible upon breakdown” usually occur when
norms and values clash with each other. For example, in the
exploration of IVF by Perotta and Geampana [7], new
reproductive technologies are a site of legitimacy crisis because
they are heavily desired by patients but cannot adhere to
standards of EBM. In this situation, physicians must navigate
among the medical value of providing patients with the care
they seek, the medical value of providing evidence-based care,
and the medical norm of adhering to preset medical standards
that may not have kept up with available care options.

Finally, the origins of legitimacy parallel those of any other
infrastructure. Legitimacy is built on existing social systems:

it “wrestles with the inertia of the installed base” [133] and
borrows both strengths and weaknesses from that base, resulting
in legitimation by once-functional mechanisms that are now
relics. For instance, Sheard et al [73] show how desired changes
in practices in a hospital setting are stalled by existing social,
technical, and bureaucratic systems and entrenched social
practices, despite a lack of effectiveness of these entrenched
systems and a desire for change among the people acting within
them. Overcoming this systemic inertia requires the integration
of new practices and systems into the installed base, regardless
of the current utility of that base; attempts to completely
overhaul entrenched institutional practices or technologies
without attention to the installed base rarely succeed.

In all 3 metaphors, infrastructure serves as a system through
which different elements that contribute to legitimacy can
negotiate with one another. A social infrastructure
conceptualization reflects the nature and parameters of these
negotiations. Thus this lens allows us to see where different
perspectives on legitimacy could provide a more holistic picture
of how legitimacy works in practice, encouraging a collaborative
approach to conflicting views on legitimacy.

We hope this conceptualization can provide a useful lens to
better understand how legitimacy is produced and how it works
among institutions, technologies, and people. We aim to move
the conversation toward a more holistic perspective on
embedding technologies in health care that goes beyond models
based primarily on judgments and perceptions.

Discussion

Principal Findings
Our conceptualization of legitimacy as social infrastructure
allows for deeper analysis and understanding of the meaning,
production, and uses of legitimacy when embedding
technologies in health care. Our review contributes to the OMS
literature by bringing in outside perspectives. Cross-fertilization
among the 3 disciplines reigns in the proliferation of legitimacy
theory in OMS while providing a better connection with
empirical research. STS and MAS literature benefit from
grounding empirical exploration within a more cohesive
theoretical framework. Our review also helps contextualize
studies of legitimacy that are more limited in scope; for instance,
while discourse analyses of legitimacy are useful, this review
demonstrates that discourse comprises just one aspect of
legitimacy production [67,90,91]. By allowing for many
definitions of legitimacy, the notion of legitimacy as social
infrastructure is adaptable enough to produce meaning across
disciplines while providing ways to explore relational, material,
and semiotic aspects. By providing a framework through which
to explore many conceptualizations and understandings of
legitimacy, we hope LSI can facilitate fruitful cross-disciplinary
collaborations of legitimacy researchers. Specifically, LSI allows
different conceptualizations to coexist without competing with
one another, providing a framework in which researchers can
build on the work of other disciplines without having to
disregard the traditions of their own discipline. In addition, this
framework provides value to acceptance, adoption, and
implementation researchers and other stakeholders interested
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in better explaining how technologies are embedded in health
care. Through an interdisciplinary understanding of legitimacy
and a focus on relationships and moments of breakdown, LSI
provides a mechanism to study technology embedding both
contextually and over time. In this way, LSI produces a more
comprehensive understanding of how the interconnected social,
medical, environmental, and institutional elements surrounding
a technology may interact in ways that impact legitimacy for a
given technology, and thus, whether a technology will become
embedded in health care.

Embedding Beyond Current Frameworks
Legitimacy as social infrastructure provides an alternative to
current models describing how technologies are embedded in
health care. We can use this conceptualization to account for
gaps between policy intentions and practices when embedding
technologies. Social infrastructure produces a more
comprehensive understanding of the issues underpinning
technology adoption than frameworks that hinge on trust
[136,137], transparency [4,137], and acceptability [19],
especially when those frameworks are based on behavioral
intention [20,21,138]. Articles included in this review have
shown that the complexities of embedding technologies in health
care often clash with the best-intentioned policy choices because
these frameworks generally do not account for the full scope of
legitimizing processes within health care delivery systems. This
is particularly evident in articles that focus on contested illnesses
[80,89,92] and professional boundary work negotiations in light
of new policies or collaborations in health care
[47,56,77,78,93,94]. For example, Weiss and Sutton [78]
demonstrate that even though policy changes explicitly allow
pharmacists to prescribe medication, actually doing so in
practice involves a more complex negotiation of roles and
hierarchies to legitimize pharmacist prescribing activities. The
new prescribing policy, based on notions of trust and
acceptability, is not enough. For patients whose contested
illnesses do not meet EBM criteria [80], negotiations and
individual relationships are essential to access any kind of
medical care [95]. Here, EBM criteria designed to increase
transparency and trust in medicine prevent patients with real
symptoms from accessing necessary care.

The many technology acceptance and adoption frameworks
available currently have difficulty explaining adequately how
and why some technologies are embedded in health care but
others are not; in other words, “the literature does not specify
the conditions for full use to be achieved” [138]. Similar to
legitimacy, these terms are not clearly defined across the
literature [138]: “acceptance” and “acceptability” generally are
defined in terms of perceptions of potential users [138,139] and
separate from both “adoption” and “appropriation,” which deal
with the processes and practices of using the technology [138].
Other models aim to identify factors contributing to acceptance
of new technologies. TAM is the most well-known example; it
has been adapted and added to by numerous authors since its
inception [20,21,138,140]. However, similar to most adoption
and acceptance frameworks, TAM is based on behavioral
intention, which has limited utility in predicting actual behavior
[141,142] and does not generally attempt to integrate other
systemic or relational aspects of technology acceptance. Within

this review, Reay et al [56] demonstrated that gaining discursive
buy-in, the focus of behavioral intention models of technology
adoption, “is not enough” to legitimize new practices in a
clinical setting without action and interpersonal, structural
support.

Other frameworks have attempted to integrate sociocultural
aspects of technology acceptance, specifically in low- and
middle-income countries, although acceptance still generally
focuses on individual users rather than systemic or relational
factors [143]. More unusually, the nonadoption, abandonment,
scale-up, spread, and sustainability framework by Greenhalgh
et al [22], which is explicitly directed at health technologies,
attempts to fill gaps left by TAM and other models by focusing
on nonadoption and abandonment of technology instead of
acceptance. This framework incorporates norms and values to
some extent but does not focus specifically on legitimacy and
the impact of norms and values on technology development.

The legitimacy as social infrastructure framework (LSI
framework) is different from these models: rather than starting
with adoption and acceptance of technologies, our
conceptualization focuses on the relationships and negotiations
that result in adoption and acceptance or not. If we take
legitimacy as a necessary element in technology adoption and
acceptance, conceptualizing legitimacy as social infrastructure
allows us to understand how adoption, acceptance, and
implementation frameworks may work together to explain the
process of embedding technologies in health care. For instance,
rather than conducting acceptance, adoption, and implementation
studies separately in a health technology development project,
researchers could use the conceptualization of legitimacy as
social infrastructure as a framework to iteratively explore the
binding fabric of relationships and legitimacy narratives that
make up the landscape in which a new technology is being
developed and provide advice to decision makers based on these
findings. This focus would also allow project stakeholders to
contextualize the results of a traditional acceptability or adoption
study to better support the end goal of successfully embedding
a technology in health care. Doing so would move conversation
beyond simple adoption and acceptance and toward a more
holistic perspective about this embedding process based instead
on an analysis of legitimacy.

Focus on Relationships and Narratives
Momentum for embedding technologies in health care often
fades due to unforeseen complexities [144] when moving
technologies from laboratories to real-world environments.
Particularly for mobile health technologies in which social and
relational elements play a heightened role, the LSI framework
could prove extremely useful in both anticipating and navigating
complexity in the real world by describing changing
relationships and narratives. Legitimacy as social infrastructure
could provide a better blueprint that takes contextual factors
into account earlier and avoids some of the acceptance and
adoption bottlenecks that develop in linear models.

The struggles and unintended consequences of embedding
technology in practice have been well-documented in STS and
OMS [58,61,93,96]. The LSI framework conceptualizes how
these documented struggles impact legitimacy and, thus,
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technology adoption and acceptance. STS understands new
technologies (including those designed for health care) to be
both directional and open-ended [23]. Technologies are
embodied with certain scripts and ideas, produced both through
the development process and purposely in the minds of
developers and other stakeholders, impacting how they can be
used and when. However, the scripts managing this
directionality never completely determine how a technology is
used in practice [23,145]. Integrating technologies into
real-world environments necessarily involves tinkering
[22,23,144] by users, developers, and other stakeholders, often
contradicting a technology’s directionality entirely. For instance,
as Perrotta and Geampana [7] demonstrate, new medical
technology may be used in ways that contradict its original
EBM-derived script, given a particular set of circumstances
generated by patients, economics, and the pace of technology
development. What happens next is a negotiation that determines
how real-world context, practices, and technology scripts interact
to generate a legitimacy relationship. Conceptualizing legitimacy
as social infrastructure allows us to both understand the nature
of these interactions and how they may or may not lead to
technology adoption and acceptance in a health care setting.
For instance, Sheard et al [73] discuss the complex systems and
legitimacy relationships that impact the ability of care providers
in the United Kingdom to act on patient feedback; this feedback
is solicited in the first place to increase trust in and acceptability
of the medical system. If we view patient feedback frameworks
as a form of health care technology, legitimacy as social
infrastructure helps us better understand and anticipate the
relative importance of backgrounded relational and structural
systems [73] that determined whether patient feedback was
incorporated successfully in the health care institutional systems
under study. An infrastructural understanding reveals how the
3 issues identified (ie, normative legitimacy, structural
legitimacy, and organizational readiness [14,73]) work together
to support or deter change in a complex organizational setting.
A binding fabric of relationships ties all of these issues together
and clarifies why the quality of certain relationships is more
important than others. This focus also adds to understanding of
the phenomenon of “institutional entrepreneurs.” Relationships
likely play a role in how institutional entrepreneurs avoid being
“confined by the status quo,” allowing them to change
organizations from within despite legitimacy challenges for
others [73].

Future Research and Applications
Given the utility of this conceptualization in bringing together
3 very different disciplinary traditions around legitimacy, future
research could expand on this work to incorporate perspectives
from disciplines, such as ethics and law, that we could not
include here. In addition, it is possible that legitimacy is usually
not explicitly conceptualized in medicine and psychology due
to an implicit discipline-wide understanding of the values that
underpin the concept. In other words, norms and legitimacy in
medicine and psychology may be so closely intertwined with
the goal of providing care that legitimacy may not be contested
or questioned from these disciplinary perspectives. These kinds
of taken-for-granted assumptions make it important to explore
the origins, production, and meanings of legitimacy more

thoroughly in the psychology and medical fields. Our
conceptualization could allow for such investigation in fields
in which the language describing legitimacy is either absent or
perceived to be self-evident.

Potential applications of legitimacy as social infrastructure in
practice have a wide range thanks to the flexibility and
adaptability of the conceptualization. For example, to manage
risks appropriately, regulators and others must have knowledge
and understanding of the subject of regulation, in this case,
health care technologies. This includes not only technical
knowledge, but epistemological understanding of what is seen
to constitute valid forms of knowledge, what is being left out,
and “system knowledge of the context regulation is operating
in” [146]. By approaching the embedding of technologies in
health care as a result of knowledge coproduction, the notion
of legitimacy as social infrastructure can provide deeper
understandings of the systems and context of health
technologies. It can then help regulators differentiate valid from
invalid forms of knowledge in context. Regulators also
experience legitimacy concerns themselves, in that regulation
must be legitimate to function [9,147]. An understanding of
legitimacy as social infrastructure could provide regulators with
clarity about the practices, decisions, and structures that may
impact their own legitimacy. For instance, knowing more about
how their relationships with various stakeholders contribute to
their legitimacy could help regulators take stakeholders’
viewpoints into account at the most impactful moments and
more appropriately narrate their decisions for different audience
needs.

Limitations
Given the broad focus of our topic “legitimacy in health and
technology,” we included a heterogenous collection of empirical
topics within each discipline. While this allowed for a broad
discussion of legitimacy in health and technology, we did not
produce one overarching definition of legitimacy; rather, we
developed a conceptualization that can be used as a framework
with the diversity of definitions already available. Similarly,
the disciplinary boundaries are somewhat “fuzzy” [24]: OMS
is a subdiscipline of sociology, STS overlaps with both MAS
and OMS, and MAS is a combination of 2 disciplines with
similar approaches. We found these disciplinary constructs
useful because, despite their overlap, they highlight substantial
differences among social science approaches to legitimacy.

In addition to the legal and ethical boundaries previously
described, in this review, we did not engage with several other
topics related to the legitimacy of technologies in health care.
While the word “legitimacy” is used frequently in medicine and
health economics, very few articles in these fields define the
concept or explore it in any depth. Rather, the vast majority use
the word uncritically within a surface explanation of the
importance of a problem, either by claiming without evidence
that legitimacy is an asset held by organizations, technologies,
or people [148-150] or by mentioning that the legitimacy of a
technology is under threat but without fully discussing why or
how [151,152]. When legitimacy is defined, it is often reduced
to a series of related concepts, such as “expertise, reciprocity,
and trustworthiness,” without discussing how these interact to
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create legitimacy [153], although there are a few exceptions
[9]. Due to the general lack of critical exploration, medicine
and health economics were excluded as disciplines. This is an
area that would benefit from further research using the LSI
framework.

For similar reasons, we focused our search strategy within
journals known to provide deep conceptualization of legitimacy
(see Multimedia Appendix 1 for further details). Given the
abstract and conceptual nature of our subject, a database search
proved inadequate for finding all relevant articles; however,
searching only within specific journals, despite rigorous
selection, may have biased study findings. We feel the benefits
of closely adhering to CIS protocol in this manner outweighed
this issue due to our study’s interpretive goals and the abstract
subject matter.

Conclusions
The notion of legitimacy as social infrastructure provides a
deeper understanding of how and why technologies are or are
not embedded in health care. Social infrastructure focuses on
the aspects of legitimacy related to norms, semiotics,
materialities, and specific relationships among stakeholders and

institutional contexts without excluding or privileging one form
of knowledge production over the other. Through this
conceptualization, the production and use of legitimacy can be
studied ethnographically by following the social infrastructural
networks and relationships that constitute and maintain
legitimacy. By moving beyond judgment- and perception-based
frameworks, legitimacy as social infrastructure approaches the
problem of embedding technologies in health care through the
lens of knowledge coproduction. The LSI framework enables
empirical data collection and analysis that transcends
disciplinary boundaries without negating the discrete lines of
theoretical thought of any one discipline.

Given the interdisciplinary nature of health care policy and
practice and the wide range of stakeholders involved, clearer
and deeper communication around legitimacy could have
far-reaching impacts. This could include new frameworks
explaining technology adoption and acceptance, greater
consensus about what makes a health care technology or policy
decision legitimate, and strategic direction for decision makers
working with disruptive health care technologies within
entrenched systems.
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Abstract

Background: Digital health technologies, particularly mobile health (mHealth) apps and wearable devices, have emerged as
crucial assets in the battle against hypertension. By enabling lifestyle modifications, facilitating home blood pressure monitoring,
and promoting treatment adherence, these technologies have significantly enhanced hypertension treatment.

Objective: This study aims to explore the perspectives of health care professionals (HCPs) regarding the perceived benefits
and barriers associated with the integration of mHealth apps into routine hypertension care. Additionally, strategies for overcoming
these barriers will be identified.

Methods: Through qualitative analysis via semistructured interviews, general practitioners (n=10), cardiologists (n=14), and
nurses (n=3) were purposefully selected between October 2022 and March 2023. Verbatim transcripts were analyzed using
qualitative content analysis.

Results: The results unveiled 3 overarching themes highlighting the benefits of mHealth apps in hypertension care from the
perspective of HCPs. First, these technologies possess the potential to enhance patient safety by facilitating continuous monitoring
and early detection of abnormalities. Second, they can empower patients, fostering autonomy in managing their health conditions,
thereby promoting active participation in their care. Lastly, mHealth apps may provide valuable support to medical care by
offering real-time data that aids in decision-making and treatment adjustments. Despite these benefits, the study identified several
barriers hindering the seamless integration of mHealth apps into hypertension care. Challenges predominantly revolved around
data management, communication contexts, daily routines, and system handling. HCPs underscored the necessity for structural
and procedural modifications in their daily practices to effectively address these challenges.

Conclusions: In conclusion, the effective usage of digital tools such as mHealth apps necessitates overcoming various obstacles.
This entails meeting the information needs of both HCPs and patients, tackling interoperability issues to ensure seamless data
exchange between different systems, clarifying uncertainties surrounding reimbursement policies, and establishing the specific
clinical benefits of these technologies. Active engagement of users throughout the design and implementation phases is crucial
for ensuring the usability and acceptance of mHealth apps. Moreover, enhancing knowledge accessibility through the provision
of easily understandable information about mHealth apps is essential for eliminating barriers and fostering their widespread
adoption in hypertension care.

Trial Registration: German Clinical Trials Register DRKS00029761; https://drks.de/search/de/trial/DRKS00029761
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Introduction

Hypertension is a significant health problem affecting millions
of people worldwide [1]. In Germany, too, hypertension is one
of the most common diseases affecting a large proportion of
the population. Prevention and effective treatment of
hypertension are therefore crucial to prevent associated serious
complications such as ischemic heart disease, strokes, and renal
disease, and to improve the quality of life of those affected [2-4].

In recent years, the development of digital health technologies
has experienced a considerable upswing, opening up promising
perspectives for the prevention and management of hypertension
[5]. Mobile health (mHealth) apps, wearables, and other digital
tools enable patients to monitor their blood pressure levels, track
lifestyle changes, and set health goals. These technological
advances also offer health care professionals (HCPs) new
opportunities to improve patient care and promote healthier
lifestyles [6]. mHealth apps in particular have been shown to
improve the treatment of hypertension [7].

In Germany, the following professional groups are primarily
involved in the treatment of people with hypertension. General
practitioners play a central role in the diagnosis, treatment, and
long-term care of patients with hypertension. They are often
the first point of contact for patients with hypertension and
coordinate further care. Cardiologists specialize in the diagnosis
and treatment of heart disease, including hypertension. They
can treat complex cases of hypertension and offer specialized
diagnosis and treatment options. Internists can also play a role
in the care of patients with hypertension, especially if there are
comorbidities or complex medical problems. Nursing
professionals (nurses, nursing assistants) play a crucial role in
the care of patients with hypertension. They help implement
blood pressure control measures, educate patients, and help
monitor symptoms and side effects [8]. In October 2020,
physicians in Germany were allowed to prescribe digital
therapeutics (DiGA [Digitale Gesundheitsanwendungen]) in
standard care for the first time [9]. DiGAs can be prescribed by
physicians for a 3-month use period and is fully reimbursed by
the statutory insurance companies. To obtain approval, mHealth
providers must demonstrate the safety, functionality, quality,
data security, and a fundamental benefit in a clinical study to
obtain DiGA status. Patients receive a written prescription for
a DiGA based on respective indications (eg, depression) and
have to send it to their insurance company.. At the time this
study was conducted, there was no DiGA that is specific for the
prevention of hypertension. In perspective, however, it is
expected that mHealth apps for the prevention of hypertension
will obtain DiGA status and will be made available to patients.
In their recent study, Dahlhausen et al [10] pointed out the
significant role of HCPs, specifically physicians, in promoting

mHealth use among patients. In order to understand the
implementation of mHealth into hypertension care, it is
necessary to understand the perspectives of physicians, nurses,
and medical assistants and their perception of benefits and
challenges, as well as their information needs, in order to best
integrate mHealth into hypertension care.

Nevertheless, a certain frustration is noticeable among
physicians in Germany. Not least because there have been
repeated technical problems in the past with the connection to
the German telematics infrastructure (TI). The TI comprises a
range of technical components that are relevant for operation
in medical practices. These include the practice management
system (Praxis Verwaltungssystem), which supports the
organization and documentation of practice tasks, and the
connector, a piece of hardware that enables access to the TI and
communicates with the eHealth card terminal and the Praxis
Verwaltungssystem via a secure network. The eHealth card
terminal is used to use the electronic health card and to check
practice ID cards. Other components include mobile card
terminals, practice or institution ID cards, a virtual private
network access service, and the electronic health professional
card, which is required for various applications such as the
electronic doctor's letter and prescriptions [11]. However, half
of the physicians have to struggle with technical problems at
least once a week, compared to 36% in 2020. Overall, frustration
with the digitization process has increased [12].

While there is a wealth of research focusing on the patient
perspective regarding digital health tools [13-15], there remains
a lack of comprehensive evidence on how physicians perceive
and integrate these technologies into their clinical practice.
Despite the promising potential of digital health tools, the
potential obstacles and barriers to widespread adoption of these
technologies in the clinical setting have not been thoroughly
explored. A deeper understanding of the structural and individual
factors that influence the implementation and adoption of digital
prevention approaches is imperative. Integrating digital
prevention approaches into the health care system requires a
clear delineation of the role and positioning of these technologies
within the broader health care landscape. A thorough
investigation of how digital health tools can be effectively
integrated into the existing health care infrastructure and how
they are perceived by the various stakeholders in the health care
sector is crucial.

Addressing these research gaps can contribute significantly to
a more nuanced understanding of how digital health and
specifically mHealth apps can be optimally used for
hypertension prevention. It can also identify potential barriers
and pave the way for strategies to improve clinical adoption
and seamless integration of these technologies. In this study,
we explore the following research questions: Which benefits
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do HCPs see in mHealth apps for prevention? What are possible
structural and individual barriers to the use of mHealth apps?
How can the challenges be met?

Methods

Study Design
This paper reports on our exploration of the HCPs’perspectives
regarding mHealth apps in hypertension prevention. We
conducted in-depth interviews with general practitioners,
cardiologists, and nurses. This study is part of the DiPaH project
[16], which examines structural and individual factors in
different stakeholders that influence the use of digital preventive
measures in patients with arterial hypertension in Germany.

Ethical Considerations
This study was approved by the Ethics Committee of the
Brandenburg Medical School Theodor Fontane
(E-02-20220620). All experimental protocols were approved
by a named institutional or licensing committee. All methods
were carried out in accordance with relevant guidelines and
regulations. Participants were informed verbally and in writing
about the purpose, the procedure, the significance of the study,
and the benefits and risks that may be associated with it and
had the opportunity to ask questions. They were also informed
that they had the right to withdraw their consent to participate

in the study at any time, either verbally or in writing, without
giving reasons. They were also informed that personal data
would be recorded and stored, whereby the data would be
pseudonymized, but that no data would be published that could
be used to identify the person. For security reasons, the data
received from the participants were always stored in a
password-protected folder on a secure desktop computer.
Written consent was obtained after participants were given the
opportunity to ask questions. Patients were not involved in
designing this study. Participants were offered €75.00
(approximately US $77.89) as an incentive for their participation
in the study.

Recruitment
Participants were selected using purposive sampling [17]. We
included HCPs who were currently actively involved in the
treatment of people with hypertension, such as general
practitioners, cardiologists, and nurses. The participants were
selected according to defined categories, aiming to generate a
heterogeneous sample with the broadest variety of different
perspectives [18]. The following categories were included:
region of practice (rural vs urban), main area of practice
(outpatient vs inpatient), and gender (male vs female). A further
inclusion criterion was interest and willingness in participating
in an interview. Participants were recruited both by systematic
invitation and by snowball sampling. The following sources
were used for recruitment (Textbox 1).

Textbox 1. Sources used for recruitment.

• Social media accounts of the university (Brandenburg Medical School Theodor Fontane), such as Facebook, Instagram, and Twitter

• Association of Statutory Health Insurance Physicians Brandenburg (KVBB): newsletter

• General practitioners’ association Brandenburg: information study participation at events

• Personal contacts among colleagues (snowball sampling)

• Interested persons contacted the study team by telephone or e-mail, and it was checked in advance whether they could be included before an
interview was conducted

Data Collection
A preliminary semi-structured interview guide was drafted by
a multiprofessional team (SM, FM, DB, and SSp). The
semistructured interview guide consisted of open-ended
questions that explored how the participants are attuned to digital
applications and mHealth apps, what benefits and barriers they
see in digital technologies for prevention, what information
needs they have, and how these can be met. The focus was on
hypertension apps with the following functions: educating about
hypertension, monitoring blood pressure, and promoting
adherence, although no specific apps were offered or
recommended to participants. Sample interview questions
included: Which mHealth apps in the context of hypertension
treatment are used in your practice, or what experiences have
you had with it? What benefits do you see in the use of mHealth
apps? What barriers do you see in the use of mHealth apps?
How well informed are you about mHealth apps, and where are
knowledge deficits? In addition, sociodemographic data were
collected, including profession, gender, age, number of
inhabitants of the place of practice, duration of professional

activity, and setting. To ensure clarity and relevance of the
questions, we did a pilot test of the interview guide with 5
eligible participants recruited from clinics and outpatient
physicians in the study’s catchment area (refer to Multimedia
Appendix 1).

All interviews were conducted via telephone during October
2022 to March 2023. The interviews were recorded and
transcribed verbatim in accordance with data protection
guidelines. Data collection continued until no substantially new
findings emerged and saturation of content was reached.
Saturation of content is defined as code saturation, when no
additional issues are identified, and meaning saturation, when
no further dimensions, nuances, or insights of issues can be
found [19]. We chose to conduct 27 interviews, as this number
has proven to be adequate in previous studies to reach theoretical
saturation in the exploration of digital approaches [20,21]. Field
notes (a short summary of the interview) were taken following
each interview to ensure better comprehensibility of the
interview situation. The field notes themselves were not included
in the analysis.
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Data Analysis
Qualitative analysis of the interviews was performed iteratively
by the study team (SM and FM) based on Kuckartz’s structured
qualitative content analysis [22] using MAXQDA Analytics
Pro 2022, Release (version 22.1.0; Verbi GmbH). After
transcription of the audio material, the analysis began with a
screening of the interview texts, whereupon the interviews were
coded. Relevant text passages from the interview material were
coded according to a deductive-inductive procedure. Main
categories and subcategories were formed inductively from the
codes. Until a common understanding of all the emerging
categories was achieved, consensus discussions were held
continuously in the research group. Other categories were
developed deductively based on the research questions and
merged into the coding tree. By then, the process of gathering
data had already concluded. Two researchers (SM and FM)
separately applied the established category system to analyze
the complete data set, ensuring that the process could be traced
and replicated. The data was analyzed in German. To present
the findings, significant excerpts from the transcriptions were

chosen as representative quotes. These quotes were translated
into English by native speakers and incorporated into the
manuscript. The manuscript has been compiled in accordance
with the COREQ (Consolidated Criteria for Reporting
Qualitative Research; refer to Multimedia Appendix 2) [23].

Results

In total, 27 interviews were conducted and analyzed until
theoretical saturation was reached. The mean duration of the
interviews was 42 (range 33-56) minutes. The mean age of the
participants (N=27) was 50 (range 35-74) years. Most
participants were female (14 female/13 male). A total of 14
cardiologists, 3 nurses, and 10 general practitioners participated.
In total, 9 persons worked in the inpatient setting and 17 persons
worked in the outpatient setting. One person worked in both
settings. Four of the HCPs had already had experience with
digital applications in daily practice or were also working with
them. Detailed characteristics of study participants are shown
in Table 1.

Table 1. Detailed characteristics of study participants.

Participants (N=27), n (%)Characteristics

Professional group

10 (37)General practitioner

14 (52)Cardiologist

3 (11)Nurse

Duration of professional activity

9 (33)>10

8 (30)10-20

7 (26)21-30

3 (11)31-40

Gender

14 (52)Female

13 (48)Male

Age (years)

2 (7)>40

11 (41)40-50

11 (41)51-60

3 (11)<60

Number of inhabitants

2 (7)>10,000

11 (41)10-100,000

4 (15)100,001-1 million

10 (37)<1 million

Settinga

10 (37)Inpatient

18 (67)Outpatient

aOne participant works in both the inpatient and outpatient settings.
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Themes
The analysis explored 7 key themes, categorized into benefits
and barriers. Themes identified as benefits included (1) patient
safety, (2) patient autonomy and support, and (3) support in
medical care. Themes identified as barriers were organized by
the following context: (4) handling of data, (5) in the context
of communication, (6) in daily routines, and (7) in dealing with
the systems.

Benefits
Although few of the HCPs use or have used mHealth apps in
their daily practice, they were able to mention benefits they
expected to gain from using mHealth apps. In the context of
benefits, 3 overarching themes could be identified: potential to
increase patient safety, patient autonomy, and support in medical
care (Figure 1 and Multimedia Appendix 3).

Figure 1. Coding tree of the benefits regarding mHealth apps in hypertension prevention. mHealth: mobile health.

A different number of subcategories could be assigned to the 3
main categories. The following 3 subcategories were assigned
to the “Patient safety” category: preventing secondary illnesses,
improving patient adherence in medication, and circumventing
the white coat effect. The following 3 subcategories were
assigned to the category “Patient autonomy and support”:
motivating factor, supporting patients, and reflectivity. The
following 5 subcategories were categorized under the category
“Support in medical care”: clear presentation of blood pressure
levels, constant access to health data. Results can be evaluated
quickly, better data quality compared to analog methods, and
improved physician-patient communication.

Patient Safety
Respondents see the potential of mHealth apps primarily in the
prevention of secondary diseases. In addition, participants see
the potential of mHealth apps to improve patient adherence to
treatment in terms of medication adherence, which in turn has
an impact on patient safety.

The respondents attribute a better representation to the blood
pressure levels measured at home and subsequently documented.
The interviewees hope that through the use of mHealth apps,
patients will consistently document their blood pressure and
thus always have an overview of their blood pressure levels.
This is because, in contrast to the blood pressure levels measured
in the practice, they seem to correspond more closely to the
reality of life. The “white coat effect” is thus circumvented.

Patient Autonomy and Support
An mHealth app can offer a variety of features that serve as a
motivating factor for patients from the perspective of health

care providers. Gamified elements, progress tracking, and
reward systems can provide incentives for developing and
maintaining health-promoting behaviors, strengthening patients'
self-motivation, and fostering engagement in their health.

From the HCP’s perspective, an mHealth app can be a valuable
addition to medical care by providing support to patients in
several ways. First, the mHealth app can provide personalized
advice based on the patient's individual needs and health goals.
This can include dietary recommendations, lifestyle changes,
or stress management tips. Second, mHealth apps can act as
reminders, reminding patients to take their medication, which
could improve adherence to therapy.

An mHealth app can also include reflectivity and help patients
comprehend information about their blood pressure to their
behaviors, which can support them reduce or avoid unfavorable
behaviors.

Support in Medical Care
By using mHealth apps, the HCPs assume that blood pressure
levels can be presented in a clear and understandable way.
mHealth apps allow patients to access their levels on their
smartphones or other digital devices. Patients can track the
development of their blood pressure over time and identify
possible trends or abnormalities so that they can seek medical
help timely if necessary.

Patients have constant access to their current health data. This
enables real-time tracking of their health status, even if they are
not undergoing immediate medical treatment.
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mHealth apps provide quick results that can be evaluated
immediately. Physicians can thus make timely decisions about
the treatment and care of their patients.

HCPs attribute better data quality to mHealth apps compared
to analog methods.

Using mHealth apps, patients can send the data they collect in
their daily environment directly to the medical facility before
visiting the physician. This allows the physician to check the
blood pressure levels in advance and prepare specifically for
the conversation with the patient. The time saved helps to make
the physician-patient conversation more efficient and targeted
so that relevant questions and concerns of the patient can be
better addressed.

The benefits initially included constant access to health data,
which was particularly mentioned by participants in the
outpatient sector. This group also appreciated the motivating
factor that the apps could provide to support them in their health
routines. Participants in large cities also preferred the app's clear
display of their blood pressure readings, which helped them to
better understand their health data. The time saved in
doctor-patient communication was also mentioned as a benefit
by the outpatient participants.

Barriers
We identified barriers in 4 different aspects of the HCPs work
life: handling of data, in the context of communication, in daily
routines, and in dealing with the systems (Figure 2 and
Multimedia Appendix 4). A different number of subcategories
could be assigned to the 4 main categories. The following 3
subcategories were assigned to the category “Handling of data”:
uncertainty about the validity of the data, privacy unclear, and
unclear responsibility for data. The following two subcategories
were assigned to the category “in the context of
communication”: more patient trust in the app than in medical
care and the impersonal nature of digital approaches. The
following 4 categories were assigned to the category “in daily
routines”: additional workload, limited personnel resources, no
remuneration for the use of apps in daily routines, and not
suitable for all patients. The following 5 subcategories were
assigned to the category “in dealing with the systems”:
immaturity of the technologies, unclear clinical benefit,
interoperability issues, and inconsistent digitalization strategy
in Germany, which causes frustration and lack of evidence for
effectiveness.

Figure 2. Coding tree of the barriers regarding mHealth apps in hypertension prevention. mHealth: mobile health.

Handling of Data
One of the main barriers to the use of apps for blood pressure
monitoring is uncertainty about the validity of the data collected.
Concerns about the accuracy of data documented by patients
can undermine HCPs’ confidence in the data and willingness
to use such tools.

Another important concern related to the use of mHealth apps
in the treatment of hypertension is privacy. Fear of data breaches
or unauthorized access to patient information may limit the use
of such tools.

Unclear responsibility for data presents another hurdle.
Physicians and nurses feel uncertain about who is responsible

for managing and interpreting the data they collect. The wealth
of data generated by mHealth apps can be overwhelming, and
the lack of clear structures and policies for appropriate use of
the data can be challenging.

In the Context of Communication
The HCPs expect that a potential barrier to communication
when using mHealth apps is the tendency of some patients to
trust the mHealth app more than their medical care. This
misconception could lead to patients relying solely on the
mHealth app for solutions or seeing its advice as better than
that of their physician. This could hinder communication with
HCPs and lead to a lack of collaboration between patients and
physicians.
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Another barrier perceived by HCPs is the impersonal nature of
mHealth apps. In contrast to direct interaction, the use of
mHealth apps could lead to a lower intensity of exchange
between patients and HCPs. In addition, mHealth apps may be
perceived as less empathetic and less tailored to the individual
needs of patients.

In Daily Routines
The HCPs apprehend that introducing mHealth apps in medical
practice can initially lead to an additional workload for them.
The introduction of new technologies requires training, the
adaptation of workflows, and integration into existing IT
systems, which can initially lead to time and resource
constraints.

In many health care settings, resources are lacking in order to
engage HCPs in the active use of mHealth apps in practice.
Adoption and integration of new technologies requires time,
training, and technical support, which can be challenging in an
already strained health care system. Limited capacity impedes
readiness to use mHealth apps for hypertension care.

At present, the use of mHealth apps is not sufficiently
reimbursed in everyday health care in Germany. HCPs do not
receive additional compensation or incentives for the use and
deployment of digital tools in the care of hypertensive patients.
This lack of compensation may cause some HCPs to be hesitant
to use digital tools, as it may entail additional tasks without
financial compensation.

Although mHealth apps offer many benefits, they may not be
suitable for all patients. Older people or those with limited
digital capabilities may have difficulty using digital applications.
In addition, some patients, especially those with hypertension,
may overmeasure their blood pressure, which can negatively
impact their blood pressure levels. According to HCPs, digital
tools for monitoring blood pressure may be less appropriate for
such patients.

In Dealing With the Systems
A major barrier to the use of mHealth apps in hypertension care
is the immaturity of the technologies. HCPs suspect that
mHealth apps do not work reliably, have bugs, or do not have
all the necessary features to meet the demands of medical
practice. As a result, they may be reluctant to recommend digital
technologies for fear that the systems will not exist at a later
date.

Another barrier to the use of mHealth apps in hypertension care
is the unclear actual utility and clinical effectiveness of such
tools from the perspective of HCPs.

The diversity of mHealth apps and their interfaces is another
barrier for HCPs. The incompatibility or lack of interoperability

between systems can hinder smooth data exchange and
integration.

The insufficient as well as inconsistent digitalization strategy
in Germany is a source of frustration for HCPs. There is often
a lack of a clear, long-term vision and of a structured approach
to drive the integration of digital technologies in health care.
The development and implementation of digital health solutions
is often fragmented and inconsistent, leading to confusion,
ineffective solutions, and a return to analog methods. These
negative experiences are a significant barrier to the adoption of
digital tools.

The actual effectiveness and long-term impact of mHealth apps
in treating hypertension are poorly researched or demonstrated
from the perspective of HCPs. The lack of evidence on the
clinical effectiveness of such tools raises doubts and influences
their willingness to use them.

Specific Aspects in Various Subgroups
Participants from the outpatient sector in particular pointed out
interoperability problems that could hinder the smooth exchange
of data. In addition, the unclear clinical benefits of the apps
were not recognized by everyone, especially not by the
participants from the outpatient sector. It was also noted from
the outpatient sector that not all apps are suitable for every
patient. Concerns about data protection were also expressed by
participants in the outpatient sector, who were worried about
the security of their personal health data. Finally, the lack of
reimbursement for the use of health apps from the outpatient
sector was cited as a further barrier. Women expressed concerns
about the validity of the data collected by the apps.

Recommendations for Successful Integration of mHealth
Apps Into the Health Care Landscape From HCPs’
Perspective
In the context of recommendations, 2 themes could be identified:
in daily routines and in dealing with the systems (Figure 3 and
Multimedia Appendix 5). A different number of subcategories
could be assigned to the 2 main categories. The following 5
categories were assigned to the category “in daily routines”:
extrabudgetary remuneration for digital prevention services,
defining goals: tracking or monitoring, identifying patient
(groups) in advance, app individually tailored and
personalizable, and combination with other diseases. The
following 5 subcategories were assigned to the category “in
dealing with the systems”: more information about digital
services, validation of apps, bottom-up approaches, training and
involvement of medical assistants, and improvement of interface
problems.
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Figure 3. Coding tree of the recommendations for successful integration of mHealth apps into the health care landscape. mHealth: mobile health.

In Daily Routines
One of the fundamental challenges in integrating hypertension
mHealth apps into routine medical practice is that the time spent
using and counseling patients is not adequately compensated.
To address this problem and increase HCPs' motivation to use
digital prevention services, extrabudgetary reimbursement for
the implementation and support of these apps in HCPs' practices
should be considered. According to the participants, such
remuneration would ensure that HCPs are appropriately
compensated and thus create an incentive to increasingly
integrate mHealth apps into their daily work.

It is crucial to define clear goals for the use of mHealth apps in
hypertension prevention. HCPs should work with patients to
determine which parameters or data should be collected by the
mHealth app and which specific health goals are being pursued.
The HCPs assume that a distinction can be made between
tracking and monitoring approaches. While tracking helps
patients to collect data on their blood pressure, lifestyle, and
other relevant parameters themselves, monitoring enables the
physician to regularly monitor and analyze the collected data.
The clear definition of goals facilitates the use of the mHealth
apps and ensures that the collected data can be used
meaningfully and effectively.

The HCPs mentioned that not all patients benefit equally from
mHealth apps. It is important to identify in advance which
patients or patient groups could benefit most from a hypertension
prevention mHealth app. Some patients may already be well
informed and motivated to use digital health technologies on
their own, while others may need more support and guidance.
By identifying those patients who could best benefit from
mHealth app use, clinicians can target their mHealth services
more effectively and efficiently.

Another important improvement is that hypertension apps should
be customized and personalizable. Each patient is unique, and
the mHealth app should therefore be customizable to each
individual's specific needs, health goals, and preferences.
Personalization options could include selection of relevant health
goals, medication reminders, or customization of the app
interface to the user's personal preferences. By tailoring the app

to each patient's individual needs, the user experience is likely
to be enhanced and the likelihood of long-term use increased.

Hypertension often occurs in combination with other conditions,
such as diabetes or obesity. To improve the care of multimorbid
patients, mHealth apps for hypertension could be combined
with other health applications to provide comprehensive and
integrated care.

In Dealing With the Systems
It is important that HCPs have access to comprehensive and
reliable information about the functionalities, efficacy, safety,
and privacy policies of the various hypertension apps. A
transparent and evidence-based presentation of this information
can help to address concerns about the quality and reliability
of the apps and stimulate physicians' interest in using these
digital tools.

Careful validation of mHealth apps is essential to ensure that
hypertension management apps actually deliver the promised
benefits and provide medically robust data. HCPs need reliable
information about the scientific evidence and clinical validity
of the apps in order to effectively integrate them into their
clinical practice.

To improve the adoption and integration of apps for
hypertension, it is crucial to promote bottom-up approaches.
This means including the user perspective, including physicians
and medical staff, in the development and implementation of
mHealth apps from the very beginning. Involving users in the
development process makes it possible to adapt mHealth apps
to the specific needs and requirements of physicians and ensure
high usability.

Successful integration of hypertension apps requires not only
training of physicians but also the involvement of other HCPs,
especially medical assistants. Medical assistants play an
important role in helping physicians use mHealth apps and
interact with patients. Extensive training of medical assistants
on how the mHealth apps work and are useful, as well as how
to effectively use the data collected, can help ensure that the
integration of the apps is seamless in the practice workflow.

Interoperability and compatibility between different mHealth
apps and existing practice IT systems are critical. Often,
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physicians and medical assistants face the challenge that the
interfaces between the mHealth apps and existing IT systems
are not sufficiently optimized, which can lead to technical
difficulties and data inconsistencies. Targeted improvement of
the interface issues enables physicians to work smoothly with
the mHealth apps and seamlessly integrate the captured data
into their practice workflows.

Discussion

Principal Results
This qualitative study is the first to explore the factors that
enable or hinder the use of mHealth apps for the prevention of
hypertension from the perspective of general practitioners,
cardiologists, and nurses in Germany. Until now, mHealth apps
for the prevention of hypertension are only fragmentarily used
in the care of hypertensive patients. From the perspective of the
caregivers, the main potentials of mHealth apps lie in increasing
patient safety, patient autonomy, and support in medical care.
However, the presented results point to major challenges in data
handling, patient-HCP communication, integration into standard
care, and interoperability. Measures such as extra-budgetary
remuneration for digital preventive services, setting targets
through tracking or monitoring, identifying patient groups in
advance, adapting and personalizing mHealth apps, and
combining them with other diseases could, in the view of the
HCPs, help to overcome the barriers. In dealing with the
systems, the HCPs mention aspects such as more information
about digital services, validation of mHealth apps, bottom-up
approaches, training and involvement of medical assistants, and
improvement of interface problems.

Comparison With Prior Work
Our results are in line with earlier research in mHealth and
beyond: physicians and nurses recognize the added values and
positive potential of mHealth apps in supporting patients,
fostering patient autonomy, and improving medication adherence
[24,25]. The attributed benefits are supported by evidence: for
instance, Li et al [26] report improvements in self-management
behavior and medication adherence in adults using mHealth.
Furthermore, self-monitoring of hypertension-related behaviors
via smartphone apps combined with tailored advice has a modest
but potentially clinically significant effect on blood pressure
reduction [27].

Despite the advantages of mHealth, as of yet the barriers hinder
their integration into the medical routine. One of the main
concerns is the handling of data. Physicians frequently doubt
the validity of data collected by patients and have concerns
regarding data privacy and security. This can impede trust in
the data and willingness to use such mHealth apps.

The mode of communication between physicians and patients
can also be influenced by the use of mHealth apps. Some
patients may tend to place more trust in the instructions provided
by the mHealth app than in the recommendations of their
medical caregivers. This could hinder communication with
HCPs and impede collaboration between patients and physicians.
However, studies have already demonstrated that there are
contrary findings to the presumed concerns: findings of a

systematic, narrative review show a generally positive influence
of mHealth apps on physician-patient communication and
relationships, which at times was correlated with better health
outcomes [28]. And perhaps the use of apps can make visits
more efficient, because blood pressure levels can be transmitted
to the practice in advance, and conversations can be focused on
essential aspects.

In the interviews, it is stated that mHealth consumes more
resources and deteriorates patient communication. In
rheumatology, digital health and especially mHealth are
considered resource-saving. Digitization creates more time for
patient interaction, which enhances the quality of care. If
questions have already been answered beforehand, there may
be extra time in the conversation with the patient to focus on
essential aspects, which can positively impact the perceived
quality of care [29]. Furthermore, it is emphasized in
rheumatology care that this would allow more time for patient
consultations. This is a contradiction. However, rheumatology
is more digitized compared to hypertension care because of the
greater shortage of personnel and disease burden.

Furthermore, apps can initially mean additional workload for
HCPs. The introduction of new technologies requires training,
adaptation of workflows, and integration into existing IT
systems, which can lead to time and resource constraints. In
addition, due to limited resources, many medical facilities may
not be adequately prepared to actively integrate digital
technologies into their practice. To be able to use digital
technologies in their daily routine, physicians also need the
appropriate digital skills [30]. In a recent measurement of
physicians' professional digital health literacy, they scored 53.1
out of a possible 100 points [31]. For nurses, this figure is only
slightly higher at 54.5 points. The most difficult task for
physicians and nurses is “helping patients assess the
trustworthiness of the digital health information they find,”
followed by “helping patients find the digital health information
that is relevant to them.” In the future, physicians and nurses
will need support especially in this area so that the digital
transformation in health care can be driven forward.

A lack of integration of digital tools into the reimbursement
structure of the health care system in Germany is also a barrier
to the use of such applications. Currently, physicians only
receive remuneration for prescribing DiGAs, which does not
translate to monitoring apps that have not obtained the DiGA
status. There are ongoing discussions about which remuneration
model is suitable for mHealth. Labinsky et al [32] reported that
only 13% of patients that were prescribed a DiGA completed
the whole program. This may also be due to a lack of incentives
for physicians to ask if the apps are being used. Considering
the low adherence with DiGA, performance-based compensation
appears to be appropriate.

Implications
Several recommendations for the integration of mHealth apps
into medical practice can be derived from the results. It is
important to provide HCPs with low-threshold access to
comprehensive and reliable information about available mHealth
apps to address their concerns about quality and privacy.
Validation of mHealth apps for effectiveness and clinical
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validity is critical to convince physicians that these apps provide
real value [33]. Bottom-up approaches or participatory study
designs that include the user perspective, including physicians
and medical assistants in the development process, can help
ensure that apps are better tailored to the needs and requirements
of medical practice and have a higher usability.

Involving HCPs, especially medical assistants, is also important
as they play a key role in helping physicians use mHealth apps
and interact with patients. Extensive training of medical staff
on how the apps work and their benefits can help ensure that
the integration of the apps is seamless in the practice workflow.

Our results underline the importance of staggered use of the
mHealth app for effective blood pressure control in patients
with hypertension. A high frequency of use at the beginning of
treatment helps both patients and health care providers to quickly
identify and implement individualized strategies to lower blood
pressure. Once the target values have been stably achieved, the
frequency of use can be gradually reduced so that the mHealth
app can serve as a monitoring tool without unnecessarily
increasing the time required by medical staff. This flexible
handling could allow the mHealth app to be optimally integrated
into everyday clinical practice while minimizing the burden on
health care providers in terms of data management.

In addition, it is important to improve the interface issues
between digital health apps and existing IT systems.
Interoperability and compatibility between different digital apps
and medical practice software systems are critical to ensure
smooth integration and use of the apps. Targeted improvement
of the interfaces can enable physicians to work smoothly with
the apps and seamlessly integrate the collected data into their
practice workflows.

The use of digital care services could be beneficial if the goal
of use were addressed in advance in physician-patient
communication. For example, use in the sense of self-tracking
would not necessarily require medical intervention. Whereas
the use in the sense of monitoring is associated with a control
function, and physicians are actively involved in the process.
Further studies are also needed to analyze the benefits and
effectiveness of digital care services.

Based on the current findings and recommendations made by
the HCPs, various stakeholders (eg, policy makers, health
insurance companies, physicians’ associations, associations of
the scientific medical societies, patient organizations, health
care researchers, or app developers) in different fields of the
health care system should take action to push the integration of
mHealth app in daily practice (Textbox 2).

Textbox 2. Recommendations for the integration of mobile health (mHealth) apps into medical practice.

Structural conditions

• Extrabudgetary remuneration for digital prevention services

• Improvement of interface problems

• Training and involvement of medical assistants

• More information about digital offers

App development

• Bottom-up approaches and user experience design

• App individually tailored and personalizable

• Combination with other diseases

• Validation of mHealth apps

Use in patient care

• Assessment of patients’ eligibility to use mHealth

• Identify patient (groups) in advance

• Define goals: tracking or monitoring

Strength and Limitations
Our study is the first to investigate the benefits and barriers of
using mHealth apps in preventing hypertension in Germany.
We drew closely on the reality of care and the perspectives of
the physicians and nurses. The qualitative interviews allowed
for obtaining an in-depth understanding of the experiences with
or without apps in preventing hypertension and expected
advantages and disadvantages. However, there are certain
limitations to our study. The results might be subject to a
selection bias because perhaps people who were more interested
in the topic took part in the study. Due to the sampling strategy,

we may not have been able to reach everyone and did not record
important aspects. A generalization of the results is therefore
impossible. In addition, patients were not interviewed at this
time.

The authors are aware that this general exploration can only be
a first step given the breadth and diversity of the topic
“hypertension mHealth apps.” Further studies must be conducted
in the context of specific health care situations to build upon
these findings. These limitations directly translate into
opportunities for further research: We are planning to extend
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the study to a larger sample in Germany [16] and to validate
the qualitative results with a questionnaire survey.

Further research should also focus on how to identify patients
who may or may not be eligible for mHealth apps in
hypertension care; how HCPs can be effectively informed about
mHealth and digital health in general, as well as what
reimbursement strategy will reinforce the effective use of
mHealth in the care of chronic conditions.

Conclusions
HCPs recognize the benefits of mHealth apps for patient safety
or to support disease management. However, at present, best

practices for implementing mHealth apps in preventing
hypertension do not exist. In order to be able to use digital tools
such as mHealth apps efficiently, the barriers, such as
information needs, interoperability issues, uncertain
remuneration, and vague clinical effectiveness, need to be
overcome. Above all, users need to be involved in design and
implementation processes. Furthermore, low knowledge needs
to be eliminated by offering access to low-threshold information
on mHealth apps.
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Abstract

Background: Telehealth is a recognized and rapidly evolving domain in the delivery of emergency medicine. Research suggests
a positive impact of telehealth in patients presenting for emergency care; however, the regional challenges of acute telemedicine
delivery have not been studied. The WA Country Health Service (WACHS) established the Emergency Telehealth Service (ETS)
in 2012 to provide telehealth and other technology-enabled services to regional Western Australian hospitals and clinics. The
WACHS ETS supports 87 rural and remote WACHS-operated hospitals as well as 10 non-WACHS health clinics via high-definition
audio-visual equipment installed in the resuscitation bay of the emergency department (ED) at each site. This 12-year practical
application of emergency telemedicine offers a unique opportunity to explore the experiences and perceptions of clinicians
delivering virtual care to rural and remote communities.

Objective:  This study explores the perceptions of ETS clinicians regarding acceptability, appropriateness, and clinical
decision-making when delivering emergency telemedicine in rural and remote settings.

Methods: This qualitative study used semistructured interviews to explore the perspectives of ETS clinicians regarding the
factors influencing their clinical decision-making. It explored how ETS clinicians determine and modify clinical risks associated
with using audio-visual equipment to deliver care. Emerging themes were compared with the concepts arising from the interim
guidance of the Medical Board of Australia, and both the Australian and New Zealand, and American Colleges of Emergency
Medicine.

Results: Overall, 16 doctors, 4 clinical nurse coordinators, and a nurse educator from WACHS ETS provided their experiences
and perspectives. Accurate clinical decisions, especially regarding patient disposition, were crucial to virtual care. Timeliness
and accuracy were enhanced through a mutual learning model grounded in the local context. Mitigation strategies such as
improvisation and flexible technology use compensated for technological barriers. Nonmodifiable risk factors included patients’
presenting complaints, clinical urgency of presentation, ED capability, clinician scope of practice, and, if a transfer was required,
the distance between the ED of original presentation and the hospital of definitive care.

Conclusions: Telehealth can enhance clinical decision-making in rural and remote EDs, and ETS clinicians can prioritize patient
safety through a lens incorporating both local hospital capabilities and community contexts. Even for the most experienced
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clinicians, telehealth was not comparable to face-to-face communication in all circumstances. The impact of the ETS on the scope
of the regional emergency medicine practice and on the building of clinical skills warrants further study in relation to its overall
effectiveness and cost-effectiveness in rural and remote EDs. These findings identify areas for further qualitative research while
providing a rich contextual background for rigorous quantitative analysis of the effectiveness of the ETS.

(JMIR Hum Factors 2025;12:e58851)   doi:10.2196/58851
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Introduction

Background
Telehealth has rapidly emerged as a means of providing health
advice and care to people at sites where health providers at the
hospitals of initial presentation (presenting hospitals) may lack
capability or require assistance with the diagnosis and treatment
of presenting clinical conditions. In recognition of the rapidly
evolving domains of telehealth in the delivery of emergency
medicine (EM) in the United States [1] and Australia and
Aotearoa (New Zealand) [2], the Australasian College of
Emergency Medicine (ACEM) [2], American College of
Emergency Physicians [1], and Medical Board of Australia [3]
deliberated on interim principles, considerations, and minimum
standards to guide emergency telemedicine (“the interim guiding
principles from the Colleges of Emergency Medicine”).
Telehealth in the emergency department (ED) aspires to improve
the quality of health care for patients in remote and other settings
by increasing access to specialists and optimizing health service
utilization and disposition coordination, including timely access
to definitive care [2].

Guiding Principles on Emergency Telemedicine
Implementation
These interim principles provide minimum standards for
telehealth practice in the ED. As the Colleges of Emergency

Medicine have identified, the use of telehealth in EM is in the
formative stage and currently lacks a strong evidence base for
clinical practice in the context of emergency care.

The ACEM and Australian New Zealand Fellow of ACEM
(FACEM) Telemedicine Community of Practice (ANZFTCOP),
superseded by a formal ACEM Emergency Telehealth Network,
raised the importance of local context and the unplanned and
exigent nature of emergency care [3]. The ANZFTCOP
distinguished the nature of emergency medical practice from
the broader telehealth discussion as it involves the provision of
acute care without an ongoing clinical relationship either
in-person or virtually [3]. The Community of Practice also
pointed to circumstances where it may not be possible to access
emergency physician expertise without recourse to telemedicine
[3]. This is common for many rural and remote Australian EDs.
The ANZFTCOP suggested that the decision regarding the
appropriateness of conducting a telemedicine session instead
of an in-person consultation should be based on individual
clinical circumstances and expert clinician judgment [3]. Table
1 provides an amalgamated summary of the key guiding
principles from these position statements and guidance
documents.
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Table 1. Amalgamated summary of the interim guidance on emergency telemedicine implementation.

What is not emergency telehealth and what
should it not do?

What is emergency telehealth and what should it do?Key themes

Locally grounded •• Should not replace local care.Should be an important complement for locally and regionally provided com-
prehensive health care. • Should not be considered as a substi-

tute for face-to-face consultations.• Should be part of regional models of emergency care delivery validated by all
relevant stakeholders across the public health system. • Should not involve low-value care that

would not have otherwise been provid-
ed.

• Should have regard for the local context and be grounded in the relationship
with local clinicians including but not limited to knowledge of the local popula-
tion, service availability, and patient pathways. • Should not be a stand-alone solution

to address health workforce capacity
and maldistribution.

• Should have appropriate escalation procedures in place to activate emergency
services.

—aOf similar quality
and standard to
ordinary care

• Assessments and consultations: (1) should be thorough within the limitations
of telehealth and virtual consultations, (2) should replicate the components of
an emergency medicine consultation, and (3) should be cognizant of the pecu-
liarities or distinctive requirements of specific conditions.

• Should implement quality assurance programs to monitor clinical performance,
patient outcomes, and integrated ongoing care.

Timely care •• Should not create additional barriers
to accessing emergency medical care.

Should ensure that definitive care is not delayed.

Appropriateness
of care

•• Not appropriate for all clinical consul-
tations.

Should ensure that the patient’s presenting problem is suitable to be assessed
and managed remotely.

aNot applicable.

Study Setting
The WA Country Health Service (WACHS) is one of the largest
country health services in the world in terms of geographical
coverage (2.55 million square kilometers, 96% of the land mass
of Western Australia), with a population of 531,934 (18% of
the Western Australian population; population density of 0.21
per square kilometer). It is organized into 7 distinct and diverse
regions with 118 health facilities, accounting for 41% of the
total number of emergency presentations across Western
Australia (over 40,000 presentations per year) [4]. Most
hospitals outside the large regional centers are staffed mainly
by nursing staff supported by a resident general practitioner
(GP) credentialed to provide medical services at the hospital.
There are variable numbers of consultant specialists providing
services at the larger regional resource centers. The majority of
WACHS hospitals do not have on-site access to emergency
medicine physicians (FACEMs).

The WACHS established the Emergency Telehealth Service
(ETS) in 2012 to provide telehealth and other
technology-enabled services to regional Western Australian
hospitals and clinics. The ETS is the earliest and most
established service stream of the WACHS Command Centre,
which supports 87 WACHS hospitals and 10 additional
non-WACHS facilities through high-definition
videoconferencing services [5]. The Command Centre is a 24/7
virtual clinical and operational hub including services for general
medical inpatients, mental health, midwifery, after-hours
palliative care, and transfer coordination. It supports clinicians
in regional hospitals and nursing posts by providing ready access
to specialist clinicians who use technology, videoconferencing,
and real-time data to assist in delivering quality patient care [6].

In addition to over 38,000 clinical consultations per year, the
ETS supports rural and remote clinicians to maintain skills and
knowledge through an education program and opportunities for
professional development [5]. The consulting clinicians are
located across multiple geographical areas (Perth, across
regional Western Australia, other Australian jurisdictions, and
internationally). Most medical practitioners are FACEMs
complemented by EM-credentialed GPs and emergency nurse
practitioners. The central hub of the Command Centre is based
in Perth, and referrals are coordinated by a team of clinical
nurses and clinical nurse consultants.

Referrals to the ETS vary across hospital types but are mainly
from small hospitals (81.5%), nursing posts (9.7%), and
integrated district health services (8.2%), and the ETS is least
used by regional resource centers (0.7%) [4,7]. The proportions
of ED presentations involving the ETS also vary across hospital
types, with nursing posts and small hospitals involving the ETS
in 21.3% and 23% of all ED presentations, respectively.
Between July 2018 and April 2023, the uptake for nursing posts
ranged from 2.8% for nonurgent presentations to 62.1% for
emergency presentations that must be attended within 10
minutes. For small hospitals, the uptake ranged from 5.3% for
nonurgent presentations to 47.9% for presentations requiring
resuscitation. The more remotely located EDs appear to have
greater reliance on the ETS especially for the management of
more urgent cases [4,7].

Evidence on Telehealth Implementation in Rural and
Remote EDs
Studies have identified factors that negatively influence the
experiences of regional clinicians in rural and remote EM
practices. These include [8,9] the lack or absence of medical
backup or resources, the geographical and social isolation of
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rural communities, poor health system coordination, the
loneliness experienced by regional clinicians, and the challenges
of health care provision in geographically isolated locations
[10-12].

The challenges these conditions pose are community specific
[8], and studies found that rural and remote EM physicians drew
on the strength of professional relationships to improvise, solve
problems, and create systems of support to meet local needs in
order to survive and thrive in the middle of rural and remote
challenges [8,9].

Published studies on the use of telehealth in EM suggested
positive impacts on patient care, including benefits such as cost
reduction, improved quality of care, reduced mortality rate,
reduced patient treatment time, and reduced time between first
contact and treatment [13]. Moreover, in the rural and remote
context, studies have reported reduced patient transfers from
rural facilities to major centers [10-12,14-16] and improved
capability of rural centers [10,17,18]. However, studies have
not discussed the complexities of rural and remote EM practices
in depth or taken them into account in their analyses.

The use of telehealth in rural and remote EDs to help alleviate
these regional EM practice challenges has not been studied.
Whether or how emergency telemedicine in rural and remote
settings improves patient health outcomes and the factors
influencing the clinical decisions of emergency telehealth
clinicians remain uncertain. There is a need for quality evidence
to better understand these factors to help identify the gap in the
effectiveness of emergency telehealth [12,14,15,17,19-27].

Studies have, however, identified challenges in the
implementation of virtual care, and emergency telehealth is one
of the practice areas considered [14,22,23]. These include
technical difficulties [11,12,23,25-27], factors impeding the
process of care [10,14,16,19-21,24-26], and factors impacting
patient privacy, confidentiality, and data security [24-26].

It has been proposed that to understand the factors influencing
job satisfaction, the complex environments around rural and
remote EM practices must be considered [8]. However, the
impact of environmental factors on clinical decision-making in
rural ED practice has not been considered.

The clinicians’ perceived clinical risks have been identified as
a challenge in rural and remote EM practices [8,9]; however,
how individuals perceive the risks in rural and remote
emergency telehealth practices and the impacts on their clinical
practices have not been explored previously. In rural and remote
EDs, it is possible to assume that when the perceived clinical
risk is high, the approach to diagnosis and treatment may
change, leading to increased rates of transfer. The distinctions
between these perceived clinical risks when delivering
face-to-face versus virtual EM services warrant investigation.

To the best of our knowledge, specific links between the
challenges of clinical reasoning and decision-making in virtual
emergency care and the rural and remote context have not been
identified. However, these factors are critical for understanding
the effectiveness of implementing telehealth in rural and remote
EDs.

Study Aims
From the perspective of WACHS clinicians delivering the ETS,
this study explored the perceptions of emergency telehealth
clinicians regarding the acceptability, appropriateness, and
determinants in clinical decision-making when delivering
emergency telehealth in rural and remote settings. This study
aims to understand the following: (1) the factors influencing
clinical decisions during an emergency telehealth consultation;
(2) the impact of involving emergency telehealth clinicians in
rural and remote ED consultations on the health workforce and
the safety of clinical service delivery; and (3) how the clinical
risks associated with emergency telehealth consultation can be
modified, including whether improving the status of factors that
are amenable to change can positively influence the safe and
effective delivery of the ETS.

Methods

Overview
This qualitative study used semistructured interviews to explore
the perspectives of ETS clinicians regarding the factors
influencing their clinical decision-making. It explored how ETS
clinicians determine and modify associated clinical risks.
Emerging themes were compared with the concepts arising from
the interim guidance of the Medical Board of Australia and both
the Australian and New Zealand, and American Colleges of
Emergency Medicine. The WACHS ETS was used to examine
contextual factors influencing the quality and perceived
effectiveness of emergency telehealth in rural and remote areas.

Sampling Techniques and Study Participants
A combination of convenience, snowball, and purposive
sampling was used to obtain a diverse perspective on the ETS
model of care. Convenience sampling was required given the
nature of ED work and participant availability to recruit
FACEMs, GPs, ETS nurse coordinators, and clinical nurses. A
purposive sampling of WACHS ETS physicians who were
interstates or overseas occurred toward the end of the participant
recruitment.

On December 17, 2020, an invitation email was sent to all ETS
doctors and nurses by one of the FACEM members of the
research team. This was followed by individual follow-up emails
on January 22, 2021, to ETS doctors, as well as emails and
in-person follow-ups by one of the ETS clinical nurse
consultants in the research team.

Interview Guide Development
The interview protocol (guide) was developed in collaboration
with the clinical researchers at the Command Centre. This
interview guide was then distributed to the full research team
for review.

After piloting the interview protocol with a select leadership
group, the protocol was updated to include probes on whether
an electronic stethoscope would help provide confidence in
clinical decision-making, as well as adding questions related to
the clinical governance, service legitimacy, and legality of the
ETS practice. Minor changes were also made to the wording
and ordering of the content areas and probes within each content
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area. The final version of the interview protocol is presented in
Multimedia Appendix 1.

Simultaneous Data Collection and Analysis
Semistructured in-depth interviews explored the experiences
and opinions of the clinicians involved in ETS implementation
and the factors considered in clinical decision-making.

Participants were given the option to participate in an interview
via MS Teams (Microsoft Corp) or phone, from a place and at
a time of their choosing. Interviews were audio recorded,
automatically transcribed, and repeatedly played back in the
open-coding phase of the analysis to validate the accuracy of
the transcription. Due to the nature of emergency work, the
recruitment and conduct of the interview occurred
opportunistically to catch moments when the clinicians were
available. This meant that interviews sometimes occurred
outside rostered work times, with some conversations interrupted
by work-related demands.

Data analysis proceeded simultaneously with data collection
and issues arising from information [28]. The early phase of
the analysis included open and axial coding [29], identifying
the emerging themes with open coding from clinician interviews.
The emerging themes were then compared with the guiding
principles identified from the interim guidance documents of
the Colleges of Emergency Medicine and Medical Board of
Australia. The key guiding principles were introduced as axial
codes to place the open codes within the context of EM practice.
In the final phase of the analysis, risk factors considered by
clinicians in their clinical decision-making during an emergency
telehealth consultation were extracted and classified into
technology related, presenting hospital/location related, or EM
related. The modifiability of each of the factors was assigned
by the lead author and confirmed by co-authors based on author
experience, the rural and remote context of Western Australia,
the public health service landscape, and the resources available
to the WACHS. The factual findings reported in this paper were
discussed with and confirmed by the WACHS Command Centre.

Ethics Approval
This research obtained ethics approval from the WACHS Human
Research Ethics Committee (approval number:
RGS0000003076) and reciprocal ethics approval from the Curtin
University Human Research Ethics Committee (approval
number: HRE2019-0740-09). Site access was governed by the
WACHS research governance policy and procedures. A
participant information and consent form was attached to

individual email invitations to the participants to review, sign,
and return before the scheduled interview. For participants who
attended the interview but were unable to sign the consent form,
verbal consent was obtained before the commencement of the
interview. Interview recordings were transcribed verbatim by
the first author. The transcripts and recordings were allocated
a participant code and stored in a password-protected electronic
folder that is separated from the folder where the participant
register is stored.

Results

Interviews and Participants
Most interviews were conducted via MS Teams (17/21, 81%),
and the remaining were conducted by phone (4/21, 19%).
Participants were in their private homes, a dedicated home office
space, or Western Australian health facilities.

Sixteen WACHS ETS doctors and 5 ETS nurses participated
in the interviews. There were 9 FACEMs, 5 GPs, 2 ED
registrars, 4 clinical nurse coordinators, and 1 nurse educator.
All participating ETS nurses were based at the Command Centre
in Perth, while 5 of the ETS medical practitioner participants
were based in Perth, 6 were based in regional Western Australia,
4 were overseas, and 1 was interstate. Two senior rural GPs
provided their perspectives from both the receiving and
provisioning ends of the ETS (as GPs working in regional
locations). Around a quarter of ETS doctors and 16% of ETS
nurses in the Command Centre participated in the interviews.
All ETS nurses, except 1, were recruited by the same clinical
researcher through face-to-face invitations, while 83% (15/18)
of the ETS doctors who participated in the interviews responded
to the initial invitation to participate. The purposive recruitment
yielded 2 additional ETS participants to add weight to the
perspectives of overseas or interstate doctors. Multimedia
Appendix 2 lists the details of the participants, including home
base, professional designation, gender, ETS role, and
perspectives they contributed to this study.

Domains That Emerged From the Simultaneous Data
Collection and Analysis
The major thematic domains identified in this analysis were
clinical decision-making, technology, and patient safety or
clinical risk. The themes and subthemes have been outlined
below. Figure 1 provides a representation of the domains and
themes.
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Figure 1. Thematic domains and subthemes that emerged in this study. ETS: Emergency Telehealth Service; Tech.: technology.

Clinical Decision-Making: Benefits of Involving the
ETS to Support Clinical Decisions
Participants identified 3 key benefits of ETS involvement in
rural and remote clinical services. Hospital clinicians reported
that having the ETS improved the willingness and confidence
of regional clinicians to practice in remote locations. The ETS
enabled synergistic mutual learning through the collaborative
patient management of site-based and ETS clinicians. Further,
ETS FACEMs experienced the benefit of ETS practice over
site-based practice as it allowed them to be more cognitively
focused when processing complex information. Participants
touched on the changing scope of clinical practice as part of
their discourse on clinical decision support.

Locally Grounded Clinical Decisions
Participants described timely and appropriate disposition
(admission, discharge, or transfer) of patients as the most

significant clinical decision for rural and remote EDs.
Disposition of ED patients, especially from less-resourced
remote EDs, has significant patient safety and clinical risk
implications. Clinical decisions pertaining to patients presenting
to small and remote EDs differed from those of better-resourced
urban or regional center EDs as site-related factors needed to
be considered.

All participants commented that multiple interacting factors
were at play when deciding to transfer a patient for ongoing
management. Table 2 lists the factors they considered in their
clinical reasoning, and only 1 was related to technology. The
predominant consideration was the resources available locally
within the presenting hospital and in the local community. The
next consideration was the distance to a destination site of
definitive treatment if a patient’s condition deteriorated. The
final consideration was the timing of transfer and its
appropriateness according to an individual patient’s health
condition.
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Table 2. Thought processes in clinical decisions including patient disposition considerations via rural and remote emergency telehealth.

Emergency
medicine related

Patient relatedHospital/location
related

Technology relatedThought processes of decision-making clinicians

YesNoNoNoNormal diagnostic decision-making: what is wrong with the patient?

NoNoYesYesCan the patient be adequately assessed for all relevant possibilities at
the site? What [differential diagnosis] am I potentially missing and is
that putting the patient at risk?

NoYesYesNoIs this patient safe to go home medically and socially?

NoNoYesNoIs there a local GPa in town to care for the patient the next day?

YesYesYesNoAm I happy for the patient to wait till the next day for follow-up in a
community?

NoNoYesNoConsidering the patient’s location, the weather conditions, and the local
resources available, is the patient safe to stay at this site and/or be ad-
mitted locally for observation?

NoNoYesNoDoes the patient need to be retrieved earlier [compared to the standard

of a tertiary center or regional center EDb]?

NoYesYesNoWhere and how do I transfer them? Is this patient safe to go somewhere
with private transport or road ambulance, or do they require aeromedical
transfer?

NoYesNoNoWhat does the patient want? (some patients do not want to leave their
community)

aGP: general practitioner.
bED: emergency department.

Synergistic Mutual Learning With Joint Clinical
Decision-Making
ETS physicians were reliant on the local knowledge of hospital
clinicians at the site of patient presentation to facilitate and
consider community, social, and resource factors in clinical
decisions for regional patients. Rural-based hospital clinicians
reported benefits from the assistance of ETS clinicians in making
clinical decisions, especially their support in connecting to
appropriate and available resources.

Regional-based participants reported that the involvement of
ETS colleagues supported them in answering the questions
listed in Table 2, with increased speed and confidence. An ETS
physician who also worked at a site based on a WACHS ED
stated:

It makes certain that we make the best decisions for
our patients. ETS does make the decision-making
process much easier in the region. I've got somebody
else online who can call me if I'm looking after
somebody who's critically ill. They can help organize
transfers and ICU admission, they can help me with
drug doses, so I can…crack on and do what I need
to do. And I know that I'm working in a safe
environment. [ETS Doctor #3]

Participants also stated that they acquired a different skill set
working in a supportive role to clinicians in remote facilities,
including ways of communicating instructions to presenting
hospital clinicians (mainly nursing staff), gathering medical
history, prescribing medications, and efficiently analyzing and
synthesizing presenting complaints.

For ETS clinicians who were FACEMs mainly based in
metropolitan hospitals, participation in ETS consultations
provided a new and unfiltered experience in the rural and remote
clinical practice. Many reported that this changed the way they
practiced in their substantive role on the floor of tertiary EDs:

I think [the learning has been] in both directions, one,
it makes me realize how resource rich we are in a
tertiary hospital. Two, it makes me realize that the
nurses and other staff out there [in regional WA] are
often just as competent, just as knowledgeable, and
just as skillful and often braver than we are in tertiary
hospitals. It certainly helps me stay grounded when
I'm accepting referrals. [Tertiary hospital] has a big
catchment, we receive a lot of these people from
peripheral hospitals and nurse run clinics. And one
that certainly helped me know where all these places
are, when I'm on the receiving end of the phone…I'm
able to explain to other staff exactly how resource
limited, a lot of these clinics are. And there is a reason
they haven't had blood tests and haven't had imaging.
And in fact, there's no doctor there. So they have just
been seen by nurses must come to be seen by us, we
don't have to be difficult about accepting them. I think
that's been quite useful. [ETS Doctor #43]

Conducive to Complex Clinical Information Processing
Participants reported that their ability to control and prioritize
their consultations in the virtual environment assisted their
efficiency in processing complex information and enabled more
objective assessment than working in person on the ED floor,
given their distance from the patient. Participants reported the
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benefits of providing virtual care compared to working on an
ED floor:

If you're on an ED floor you are interrupted
constantly because you're physically there…one of
the most frustrating things is you're constantly
distracted, and you can't finish a task from A to B, I
think that adds hugely to burnout. …But you are
focused here [at ETS], …we can only see one
camera…one patient at a time. …And the chaos is
more manageable… you can choose to not be
interrupted. So I feel that it's very satisfying, because
you're so cognitively focused. And I think that can
potentially lead to better quality care… because you
can just make better decisions. [ETS Doctor #6]

With the ability to control the environment they practice in,
ETS FACEMs found the virtual environment conducive to them
being more cognitively focused.

Changed Scope of Clinical Practice
The impacts on the scope of practice of regionally based
clinicians, especially nurses, were dichotomously reported. Most
participants reported an increasing scope of site-based clinical
practice with ETS doctors guiding local nurses to perform
procedures that they otherwise would not have the confidence
to do on their own. A contrary perspective was the engagement
of ETS clinicians in treatment and procedures or clinical
decisions, which local clinicians would have performed
independently through a local process in place prior to ETS
implementation. For example, regarding giving a tetanus
booster, 1 participant commented:

…we'll get consults of patients who need a tetanus
booster, they've had a small wound a few days ago,
…I don't know what they would have done before, I
think they would have done it and had a process in
place to do it. [ETS Doctor #2]

The changing scope of practice was noted by the participants.
This reflected policy changes to increase medical practitioner
involvement in ED consultations and was an emerging theme
that warrants further in-depth exploration.

Technology
The second thematic domain was technology, which included
technological (digital) disruption and mitigation strategies in
emergency telehealth consultations.

Participants were of the view that the WACHS ETS had already
made most of the technological and process improvements and
considered that any further changes on the technological front
would have incremental benefits in effectiveness for improving
patient health outcomes. One FACEM participant stated:

A lot of the system problems are the fact that we have
a hundred places that are tiny and it’s hard to get
[for example] a pathologist, or experienced nurses
for long stays. A lot of it is system problems that are
difficult to modify. [ETS Doctor #43]

We probably made the easy gains and the incremental
changes you can make to improve things from here
are big and costly, and difficult. For example,
attracting and keeping people in remote communities
and providing enough staffing to let GPs take holidays
and do professional development and be replaced by
someone, rather than leaving the community to rely
on telehealth because there is no one else to cover.
[ETS Doctor #43]

Participants described the ways in which they modify how they
use the telehealth technology or adjust the process of care to
improve the quality of ETS consultations.

Technological (Digital) Disruptions
A commonly expressed view among ETS physician participants
was that during videoconferencing, one is expected to lose
nonvisual cues and some verbal cues due to technological
(digital) disruptions. Clinicians reflecting on the videoconference
consultation experience suggested that the amount and quality
of information a clinician could gather through video came
down to their level of understanding of people as individuals.
They referred to the nuances of patients’expressions observable
during videoconferencing and being able to relate to the regional
context of the patients. Table 3 provides a summary of the
circumstances around the technological barriers during an ETS
consultation and the mitigation strategies participants used to
overcome these technological disruptions.
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Table 3. Technology-related issues of Emergency Telehealth Service technology and mitigation strategies.

Mitigation strategyTechnology barrierETSa technology-
related issues

ParticipantsIncompatibilityStrategyParticipantsCircumstancesBarrier

ETSN #3;
ETSD #7

ETSDc #1,
4, 6, 7, 10,
and 13; ET-

SNd #3

When people on the
floor are not ade-
quately prepared and
people are unaware
why the ETS clini-
cian is appearing on
the screen, there can
be disruptions in the
actions already tak-
ing place in the ETS
bay.

Positioning of the
monitor where
the image of the
ETS physician
appears (ie, at the

foot of the EDb

stretcher)

••• In a critical
encounter,
there is no
time and
space to pre-
pare patients
and people
in the room.

Prepare patients before

the VCe link is up; ex-
plain the process be-
fore and after VC con-
sultation, including the
steps leading up to
transfer when interhos-
pital transfer is indicat-
ed

Sending the wrong
message that the doc-
tor is looking down
on the patient.

• Abrupt appearance
does not allow ETS
to ease into the scene
as in the case of an
in-person ED floor. • Only avail-

able to re-
gional-
based ETS
clinicians.

• ETS physician is identi-
fied as not from Perth
and thus does not ap-
pear as “someone from
Perth talking down on
us”

ETSN #3
and 4

ETSD #1, 4,
7, 10, and
13; ETSN #3

Especially when
multiple parties are
involved in the con-
versation

Talking into an
open space;
broadcasting of
sound from the
VC setup into the
ETS bay

••• If children
are in-
volved,
communi-
cate with
parents or
carers

Mute VC sound and
use a telephone directly
with site-based clini-
cians or patients for
audio to ensure private
conversations.

Impersonal, with pri-
vacy and confidential-
ity potentially com-
promised; concurrent
private conversations
can occur from adja-
cent ED bays, which
can create distracting
noise during the con-
sultation process.

• Transition to telephone
only after an initial
meet and greet with
VC.

• Clinicians on the floor
are encouraged to wear
headphones to enable
switching voice chan-
nels between different
target audiences.

ETSD #2, 4,
8, 9, 12, 13,
15, and 43

 —fETSD #1
and 6

Consulting before
realizing a family
member or another
patient is in the
room; knowing who
is in the room and
their relationship
with the patient can
change the dialogue
and alter the instruc-
tions given regard-
ing the next steps.

The ETS clini-
cian’s visual field
of the ETS bay is
restricted by the
camera’s visual
field

•• Use a telephone before
screen appearance, find
out who is present, and
clarify the purpose of
involvement.

ETS clinicians are not
aware of others in the
room.

• Self-introduction, role
of ETS consultation,
and a name shown at
the base of the screen.

ETSD #4
and 14

 —ETSD #5Significant (disas-
trous) impact in criti-
cal situations.

Zoom in or out
function adjusted
locally without
the ETS clini-
cian’s awareness

•• Having a reliable cam-
era that the ETS doctor
can control.

Unable to zoom in to
see what needs to be
seen.

aETS: Emergency Telehealth Service.
bED: emergency department.
cETSD: ETS doctor.
dETSN: ETS nurse.
eVC: videoconferencing.
fNot applicable.

The videoconferencing equipment setup and the restriction of
the camera’s visual field created technological barriers affecting
the quality of ETS consultation. Physical distance was the

perceived distance between either side of the high-definition
audio-visual equipment installed in the resuscitation bay of the
ED at each site.
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Participants experienced constraints of the camera setup made
consultations impersonal and visual cues easily missed or
distorted, and they shared how they adapted in their ETS practice
to ensure effective visualization. One doctor said the technical
issues and logistics of commencing a consultation with sudden
appearance on a screen and sound broadcasting as key
differences to working on the floor:

…, you got to spend time to dial in, and, then suddenly
just appear on the screen in front of the patient…
sometimes they're a bit shocked because you're big
and loud on the screen… especially if they're drunk,
confused that can exacerbate that [shock]. And
sometimes I don't know what the volume is, sometimes
I'm absolutely booming. And then everybody can hear
me in the ED… they got to find the mute button,
unmute me and decrease the volume… [ETS Doctor
#6]

A few participants suggested that adding a reliable
remote-control pan or zoom would considerably improve the
quality of the ETS physical assessment:

…great history and reading the cues if someone is
lying very still, are they squirming around, are they
making reasonable eye contact, are they coherent
when they talk, all of that sort of stuff... you know
looking for facial droop, obvious distal neurological
deficit can be done really well [with reliable and high
resolution camera]. [ETS Doctor #14]

Understanding of People Can Overcome Technological
Challenges
Through reflective practice, participants redefined and modified
their practice over the ETS to mitigate the shortcomings of the
videoconference equipment setup. There were varied responses
to technological (digital) disruptions in interpersonal
communications. ETS doctors gave examples of how they used
visual and imperfect auditory cues to assist with formulating
their working diagnosis when direct eye contact was not possible
via videoconferencing. Visual cues, such as closing hands and
fidgeting, were used to the clinician’s advantage to help with
diagnosis. Humor and a nonjudgmental approach were helpful
in getting patients to reveal their alcohol issues and to work
collaboratively with patients over videoconferencing to reach
the best outcome for them. These human approaches made a
notable difference in the virtual physical assessment process.

Multitrauma Situations With One Videoconference Bay
In a multitrauma situation when only 1 doctor was available on
site, teamwork was required. For example, when the site-based
doctor was busy with hands-on procedures in collaboration with
an ETS FACEM, a local nurse stepped up to perform the team
leader tasks under the guidance of ETS clinical nurses. When
there were multiple casualties, all casualties would need to rotate
to be in front of the cameras (typically 2 perpendicular
pan/tilt/zoom cameras), and by using headphone channel
switching, ETS clinicians could converse with each of the site
clinicians individually. When there was a requirement to
“shuffle” beds in and out of the camera visual field, adequate
explanation ahead of the action was noted as an indispensable
component of patient-clinician communication.

Person-Centered Technology Use
Facing variations in the quality of the internet connection, fixed
positioning of cameras, and the broadcasting of sound into an
open space of the ETS bay at regional EDs, ETS clinicians
developed approaches to work with and via the presenting
hospital clinicians to improve the quality of videoconference
consultation while also protecting the privacy and confidentiality
of patients. Overcoming technological limitations required users
to troubleshoot and adapt to circumstances, requiring flexibility
to ensure the effectiveness of virtual care. This finding pertains
more to the exigent nature of EM and less to the rural and remote
context of ETS delivery.

Patient Safety and Clinical Risk Considerations
The final thematic domain was related to the perceived risks of
virtual care identified by the study participants (Table 4). The
central aim was to ensure patient safety when using telehealth.
If the ETS team perceived that patient safety was compromised
by remaining at the local facility (particularly if there was no
on-site medical practitioner), they would strongly consider
transferring patients to an appropriate hospital for ongoing
management. ETS clinicians who had higher levels of perceived
clinical risk had a lower threshold to transferring their patients.
Participants were confident that with experience (both at the
site and virtually), some transfers could be avoided. The
modifiability of risks as assessed in this study identified areas
for potential improvement and the factors to consider in the
effectiveness dialogue.
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Table 4. Factors that make emergency telemedicine clinicians risk averse in rural and remote areas in Western Australia.

Is it modifiable?Emergency
medicine related

Hospital/location
related

Technology relatedClinical risks and sources of risks in the Emergency Telehealth Service
practice

Insufficient or lack of local resources

Not modifiableYesNoNoNature of EDa cases: sudden deterioration not always predictable

Not modifiableNoYesNoDistance/time required to transfer to a location with more re-
sources against the risk of deterioration

PotentiallyNoYesNoNo short-stay unit: cannot keep the patient after hours

Local workforce capacity and capability

LimitedNoYesNoClinicians on the ED floor are unable to perform the required
physical assessment

PotentiallyNoYesNoProcedural (IVb access and treatment procedures)

PotentiallyNoYesNoNo doctor or insufficient nurses onsite to admit the patient

LimitedNoYesNoNo GPc in town to follow-up on the next day

Unable to secure a clear diagnosis

Not modifiableNoYesNoUnable to access required testing or imaging

LimitedNoNoYesUnable to fully examine: chances of missing a clinical cue are
greater

Not modifiableYesNoNoNot 100% confident with the clinical picture despite full comple-
ment of clinical information

LimitedNoNoYesVariable internet quality: disrupts physical assessment

ModifiableNoNoYesCamera is not always reliable

Individual factors

Not modifiableYesNoNoPhysician personality and approaches to risk

PotentiallyNoNoYesPhysicians are less comfortable with the reliability of their own

physical assessment over VCd compared to face-to-face evalua-
tion

Not modifiableYesNoNoPatient preference (to stay closer to home)

PotentiallyNoNoYesPatients and family members are risk averse to telehealth consul-
tation

aED: emergency department.
bIV: intravenous.
cGP: general practitioner.
dVC: videoconferencing.

Concept of Risk Aversion in the WACHS ETS
Risk aversion impacts transfer rates from the site of presentation.
The level of risk ETS clinicians were willing to take in keeping
patients locally depended on 4 broad categories risk
considerations. The first and second considerations of risks were
related to the presenting hospital capacity and capability (ie,
the health service resources and workforce). Risk aversion was
associated with increasing remoteness of the presenting hospital.
The third category of risk was unanimously reported by all the
ETS physician participants. They reported that they were not
able to examine the patient adequately or be completely
confident with the clinical information relayed by site-based
clinicians. This concern reflected how well ETS clinicians felt
they could apply strategies to mitigate technological (digital)
disruptions. The final category reflected individual clinician
factors, such as their personality and their own tendency to be

risk averse, and was present in EM generally, irrespective of
whether it was place based or virtual. Factors related to the
nature of EM and patients presenting to EDs would not have
changed this risk even if managing clinicians were able to be
“teleported” to the scene in person, and these aspects have not
been discussed further in this paper.

Risk Aversion Associated With the Hospital of
Presentation and the Rural and Remote Geography
Of 17 risks, 8 emerged from the ETS risk-aversion discussion
related to the hospital of presentation and the rural and remote
geography. These were less readily modifiable than the
videoconference-related risks. The least modifiable risk was
related to the inability to access the required tests or imaging,
and this was reported by multiple clinicians. If point-of-care
testing and the pathological approach available locally were not
adequate to reach a clear diagnosis, the patient would be
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transferred for further investigation. The extent to which this
was considered an issue varied, with 1 participant (ETS doctor
#3) having a view that point-of-care tests, routine pathology,
and x-ray imaging available locally were generally satisfactory
and sufficient for many of the presentations, and this view
differed from that of many other participants.

Another factor associated with the presenting health facility
was related to the regional workforce capacity and capability
to perform the required physical assessment or procedure, or to
keep patients locally for observation onsite or in the community.
This mainly applied to sites where there were no medical
practitioners. These factors had limited modifiability at the time
of the consultation but were potentially adaptable. When the
ETS clinician was unable to work with the clinician onsite to
overcome the limitations of physical assessment over
videoconferencing, the workforce capacity at the presenting
hospital impacted the ability to secure a clear diagnosis and
manage the patient adequately. Workforce capability was also
related to the inability to perform required procedures ranging
from establishing vascular access, inserting an intraosseous
needle, and simple suturing to performing more complicated
procedures, which could have avoided transfer. Generally, this
is related to nursing-only facilities staffed by clinicians with
limited scope of practice. Even when a diagnosis was made and
the required procedures are performed, a patient might still be
transferred if there was no doctor or insufficient nursing capacity
to keep the patient on site for further observation, including if
there was no GP in town the next day to follow-up in the
community.

The final factor adding to the risk aversion of ETS clinicians
was related to resources available at the hospital of presentation.
The key issue raised here was the absence of a short stay–type
inpatient unit to keep patients in the hospital for overnight
observation. The distance and time required to transfer patients
to a location with higher levels of capacity and capability were
considered against the risk of deterioration of the patient’s
condition and the assessment of clinical risk. These factors were
not modifiable and subject to the treating clinician’s judgment
of the patient’s health condition.

Videoconference-Related Risk Aversion
Of the 4 categories of ETS clinical risk, 2 included factors that
were related to the inability to secure a clear diagnosis and were
related to videoconferencing. Many participants discussed the
need to transfer patients because they were not confident with
the clinical assessment via video. These included their
perception of missing significant clinical signs, due to being
unable to directly palpate or examine the patient, which impeded
reaching a clear diagnosis. For example, 1 FACEM participant
commented as follows:

…spending a lot more time thinking about exactly
what I’m going to do and why… you don’t have any
of the nice reassurance normal investigations you
would normally have. You are putting yourself more
at risk by doing telemedicine because the chances of
missing something are greater because you don’t
have access to all the little things that would make
you much more comfortable. [ETS Doctor #14]

ETS physician participants also reported issues with internet
connectivity and speed, and many made comments on issues
associated with the reliability of the camera affecting their ability
to formulate a clear diagnosis. As discussed above, issues related
to the camera were associated with the way it was physically
positioned in the allocated treatment bay; operational limitations
with pan, tilt, or zoom; and the camera technology itself. The
internet speed and connectivity were more challenging as they
were impacted by the internet provision where both the patients
and ETS clinicians were physically based (nationally and
internationally).

Finally, user acceptance of videoconference consultation differed
among participants. Not seeing patients face-to-face made some
clinicians more cautious and risk averse, with treating clinicians
also reporting that some patients or family members were risk
averse to telehealth consultations due to a lack of experience or
understanding of this alternative modality of clinical service
delivery. Several ETS clinicians reported that they spent more
time second-guessing their observations and decisions,
suspecting that they are less reliable over videoconferencing
compared to a face-to-face meeting.

Risk Management for Patient Safety Instead of Risk
Aversion
Complementing the higher level of potential and perceived risk
associated with videoconference consultations, participants
shared a range of perspectives on the perception of clinical risk:

…am I risk averse? I am probably less. It's not my
personality. My personality is not risk averse. And I
think most emergency physicians are not risk averse.
That's not the nature of our business. There's risk
everywhere we are risk managers. [ETS Doctor #2]

Despite observing the potential risks associated with
videoconference consultations, participants believed that those
who were overly risk averse would not participate in telehealth,
and it was a matter of finding a balance between the perceived
benefits of ETS and the expected risks associated. A pragmatic
view was that ETS physicians were no more cautious on camera
compared to being on the ED floor; however, due to incomplete
data points to inform an evidence-based clinical decision,
interhospital transfer may be suggested for the required
investigations. In terms of confidence in their decisions, some
participants reported that they felt comfortable with their clinical
decision-making as FACEM training helped balance relatively
scant information in undifferentiated patients, and this was no
different from the decision they would make in a face-to-face
meeting:

Well, that's my job. It’s not so much about being
confident. Well, you've got to be confident in your
decision because otherwise you can't afford to be in
the [emergency medicine] business. I mean, you know,
if you if you're worried about the patient, then you do
something to alleviate that worry… Occasionally,
there are times when it is difficult… for example, if a
patient has a communication problem in either they
are deaf, or they can't speak properly, and so my
interaction is sufficiently degraded but otherwise, for
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[most] times, I don't think it does make a particular
difference to be honest. The difference between me
not being there and being there is far more evident
in the skills that are brought face-to-face. And those
are nearly all procedurals. [ETS Doctor #5]

Discussion

Overview
The experiences and perspectives of WACHS ETS clinicians
contributed to an in-depth understanding of the factors
influencing clinical decision-making during an emergency
telehealth consultation in rural and remote settings. The study
progressed the understanding of the mutual learning
opportunities presented during the joint decision-making
process, the perceived clinical risks of emergency telehealth
practice in the rural and remote context, and the technological
barriers imposed on clinical decisions and the modifiability of
these perceived risks.

Principal Results: Meeting the Principles of the ETS
Practice
This research described the mutually beneficial effects of ETS
consultation recognized by the participants in their clinical
practice. These were in line with the principles and interim
standards stipulated by the Colleges of Emergency Medicine
that telehealth should complement and be part of the regional
model of emergency care delivery validated by all stakeholders
[1-3]. This finding also aligns with previous research, which
highlights how rural and remote ED clinicians rely on the
support and expertise of their colleagues to navigate and succeed
in the unique challenges of rural and remote settings
[8-10,17,18]. It further explored how this dynamic operated
when colleagues provided support through a virtual presence.
This research provides additional insights into how collegiality
during emergency telehealth consultations supports various
aspects of practice. These include enhancing confidence in rural
and remote clinical practices, advancing the practice of virtual
EM, and incorporating the rural and remote context into
collaborative clinical decision-making involving stakeholders
on both sides of the technology.

Clinical Decision-Making
The participants described clinical decision-making mediated
by a complement of ordinary technologies. Considerable regard
was given to the context of the hospital of initial ED
presentation, the community where the patient is from, and the
regional Western Australia health service delivery landscape.
ETS clinicians were reliant on the local knowledge of presenting
hospital clinicians, the patients, and their family members to
incorporate these local contexts into collaborative
decision-making. The capacity building was mutually beneficial
for regionally based clinicians and ETS clinicians. Their
complementary skills and synergies in what they were able to
contribute to patient care became apparent during ETS
consultations. In this paper, we have referred to this phenomenon
as “synergistically mutual learning.”

Many participants described their experience of improved
efficiency in processing complex clinical information through

better focus. This reflected the time-sensitive nature of the ED,
especially when the hospital of definitive treatment was hours
away, and the organized chaos in multitrauma situations. This
finding represents a novel contribution from the perspective of
emergency physicians conducting virtual ED consultations. The
quality of clinical reasoning was reported to be superior in ETS
practice where there was greater reliance on synthesizing
medical history, reviewing clinical records, and carrying out
focused processing of multiple sources of information. In
situations where there was a heavy reliance on physical
examinations and complex laboratory or imaging investigations,
clinicians were cognizant of the peculiarities and distinctive
requirements of the specific conditions and replicated, as much
as possible, the components of an EM consultation. This was
in line with the guiding principles stipulated by the Colleges of
Emergency Medicine to deliver a service of similar quality and
standards as ordinary care [1,2].

The perspectives of ETS clinicians highlight a critical aspect
of improvement in the overall efficiency of emergency care
delivery not previously reported in studies of the efficiency of
emergency telemedicine within receiving hospitals
[10-12,14-16].

Clinical Use of Technology
At the forefront of technological change is how humans
personalize technologies. The way technologies are used is a
significant part of the innovation in the EM practice in rural
and remote settings. This study extended past findings of
technological difficulties impeding care processes
[10,14,16,19-21,24-26], patient privacy, confidentiality, and
data security [24-26] by explaining how emergency telehealth
practitioners introduced human factors to the innovative use of
emergency telehealth through their understanding of people and
tailoring the use of the same technology to the needs of patients
on the other side of the camera as described in Table 3. To the
best of our knowledge, this is the first description of how human
users innovate to close the distance across technological barriers
in an emergency telehealth scenario.

Modifiability of Patient Safety and Clinical Risks
Identified
Risk factors related to ETS technology were modified through
upgraded camera resolution, fixed camera positioning, increased
user experience, improvisation, and consumer preparation. The
quality of physical examinations was generally considered
unlikely to match the quality of face-to-face examinations,
especially when examinations of hard-to-visualize areas of the
body or procedural interventions were indicated. However,
emergency telemedicine using videoconference facilities has
been considered to have reached a plateau and might be
sufficient to cover a great majority of presentations. Additional
investment in other examination equipment will need to be
carefully evaluated as the benefits of further equipment upgrades
are likely to be incremental against the costs of purchasing the
equipment.

To meet the standard of replicating components of an EM
consultation stipulated in the interim guidance [1,2], the need
for an appropriately skilled and competent local workforce
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cannot be overlooked. Workforce capabilities were potentially
modifiable through education, including pre- and postvocational
training opportunities; however, modifiability was offset by the
ongoing issue of the turnover of clinical staff in rural and remote
hospitals. This said, participants provided examples of how
inter- and intraregional movement of clinical staff helped to
retain the necessary skill sets within Western Australia. The
extent to which clinical skills acquired through ETS involvement
in ED consultations benefited the overall capability of the
regional clinical workforce in WA fell outside the scope of this
paper; however, this is an area of significant importance and
relevance to the effectiveness of the ETS.

The pivotal but nonmodifiable consideration in clinical
decision-making was the physical distance from definitive
treatment locations and presenting hospitals. Local hospital
resources, capacity and capability were beyond the scope of
this study, but it was acknowledged that these had limited
modifiability, at least in the short term.

This paper did not explore the impact of the ETS on the quality
and standard of care in larger regional EDs, and the dominant
view that EM specialists are risk managers is of significance.
Any manifested risk aversion is likely related to patient safety
considerations given that rural and remote contextual factors
are nonmodifiable or have limited modifiability. Despite the
dominant view that the ETS added value to presenting hospital
clinical decisions, there were also concerns that pre-existing
processes and capacity had been disrupted by the care processes
now available through the ETS. The change in the scope of
practice in presenting hospitals, particularly regarding nursing
staff, because of ETS involvement is a subject for further
detailed exploration to reach an optimal balance.

Novel Contributions of This Study
Prior work has paid considerable attention to advocating for
telehealth policy reform [30] and identifying the barriers and
enablers of telehealth implementation in rural and remote EDs.
This is the first study to systematically detail the complex
interrelationships between technological and human interfaces.
The barriers to quality and safety of emergency telehealth
consultations and mitigation strategies used by the WACHS
ETS clinicians when collaborating with rural and remote EDs
were detailed. These perceived clinical risks and risk mitigation
strategies added new insights into the contextual factors
influencing the effective implementation of rural and remote
ETS.

Findings around technological challenges were consistent with
the findings of previous studies that pointed to variations in
usability, depending on the setting and situation. Unlike previous
studies that compared the approach of different types or
combinations of telehealth technologies (eg, videoconferencing,
store and forward, and telemonitoring) [21], this study embraced
the use of available technology as a norm in rural and remote
ETS practices in Western Australia. The focus on the strategies
used in WACHS ETS delivery to overcome technological
barriers in this study makes a novel contribution to advancing
our knowledge on the modifiability of the risks associated with
rural and remote virtual care and helps to inform future

quantitative analysis and interpretation of findings on the
effectiveness of rural and remote ETS.

Limitations and Future Research
The findings reported in this paper are subject to several
limitations. Clinical nurse coordinators are the first contact
points for accessing the ETS, and this triaging (referred to as
ETS prioritization to distinguish from the Australasian Triage
Scoring system) plays a pivotal role in case review order and
selection. The ETS prioritization process ensured that the
presenting hospital and community context were incorporated
into timely and appropriate care from the first point of ETS
contact. This paper focused on regional context considerations
influencing clinical decisions around the disposition of ED
patients during a virtual consultation and did not examine
regional context factors already incorporated during the process
of ETS prioritization. Future reports on ETS prioritization would
be an essential addition to the body of knowledge on emergency
telehealth implementation in the rural and remote context.

Telehealth, especially emergency telehealth, is a relatively new
area in clinical practice with evolving clinical governance
standards. Medical indemnity issues were discussed during the
interviews but did not emerge as a dominant theme in the data
analysis. WACHS ETS physicians are particularly focused on
patient safety. However, based on available data, it is difficult
to conclude the extent to which medicolegal considerations are
at play in the response to the risks associated with the ETS
practice.

The financial viability or cost-effectiveness of virtual care is
best explored quantitatively. It is worth noting that participants
were value conscious in evaluating disposition options.
However, they were not able to comment on the financial
viability of the service as it was not within the role of most of
these clinician participants. The implementation factors
identified inevitably influence the effectiveness of telehealth in
rural and remote EDs but are insufficient to determine the
effectiveness of the ETS. This study represents a step toward
determining the effectiveness of ETS delivery and is an area
for future research.

The recruitment of participants may have been subject to social
desirability bias, and some nonresponders may have had an
alternative opinion about the service, which they felt did not
align with the health service’s official position. The presenting
health condition is one of the central tenets in this research,
although the data collection did not focus on specific health
conditions. Our intention in this paper was to capture the
overarching themes of clinical decision-making and how they
affect the safe and effective delivery of rural and remote ETS
to improve patient health outcomes. There were no comparisons
between the treatments of urgent and nonurgent presentations
because formative analysis showed the tendency of using the
ETS for more urgent cases. This focus was due to the higher
proportion of FACEMs among the study participants, who were
more likely to encounter urgent cases.

Conclusion
Telehealth has the potential to improve the processes of clinical
decision-making in rural and remote EDs. The participants, all
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of whom participated in delivering the ETS, perceived improved
accuracy, confidence, and speed of clinical decisions. The reach
and effectiveness of the ETS in addressing the identified health
needs remain to be tested.

Patient safety was central to all clinical decisions, which were
grounded in the capability of presenting hospitals and the local
community context. The risks of delay in definitive care for
those patients requiring transfer for ongoing management
associated with the geographical distance to the hospital for
definitive treatment and the presenting hospital capability were
not amenable to change. The importance of social and
geographical contexts for appropriate telehealth delivery was
highlighted in this study.

Technological barriers to the safe and effective delivery of the
ETS were amenable to improvisation and improvements to

infrastructure, but overall, participants were aware that they
could not reach the same reliability as that in face-to-face
consultation for all presenting conditions. Although the ETS
was an acceptable and feasible option for ED consultation, the
maintenance and sustainability of the ETS as part of routine
practice and policy are dependent on presenting conditions.

Investment into rural and remote telehealth has the potential to
support regionally based clinicians both directly in patient care
and indirectly by promoting their (health workforce) longevity
in regional areas through the ongoing development of the virtual
care network. The effect of the ETS on the scope of the regional
ED practice and the building of clinical skills within the region
warrants further in-depth exploration including its potential
implications for the overall effectiveness and cost-effectiveness
of telehealth services in rural and remote EDs.
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Abstract

Background: Commercial wearable and mobile wellness apps and devices have become increasingly affordable and ubiquitous.
One of their aims is to assist the individual wearing them in adopting a healthier lifestyle through tracking and visualizing their
data. Some of these devices and apps have a wheelchair mode that indicates that they are designed for different types of bodies
(eg, wheelchair users with spinal cord injury [SCI]). However, research focuses mainly on designing and developing new
condition-specific self-tracking technology, whereas the experiences of wheelchair users with SCI using self-tracking technology
remain underexplored.

Objective: The objectives of this study were to (1) provide a comprehensive overview of the literature in the field of self-tracking
technology and wheelchair users (as a basis for the study), (2) present the self-tracking needs of wheelchair users with SCI, and
(3) present their experiences and use of commercial self-tracking technology.

Methods: We conducted semistructured interviews with wheelchair users with SCI to understand their experiences with
self-tracking and self-tracking technologies, their self-tracking needs, and how they changed before and after the injury. The
interviews were thematically analyzed using an inductive approach.

Results: Our findings comprised three themes: (1) being a wheelchair user with SCI, (2) reasons for self-tracking, and (3)
experiences with self-tracking technologies and tools. The last theme comprised 3 subthemes: self-tracking technology use, trust
in self-tracking technology, and calorie tracking.

Conclusions: In the Discussion section, we present how our findings relate to the literature and discuss the lack of trust in
commercial self-tracking technologies regarding calorie tracking, as well as the role of wheelchair users with SCI in the design
of commercial self-tracking technology.

(JMIR Hum Factors 2025;12:e65207)   doi:10.2196/65207

KEYWORDS

wheelchair; spinal cord injury; tracking; self-tracking; wellness technology; calories; health inequalities; inclusive design in
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Introduction

Background
Every year, up to 500,000 people experience spinal cord injury
(SCI) and, as a result, become wheelchair users [1]. This
population must adjust to their new body, learn to use a
wheelchair, and sustain an active lifestyle. An active lifestyle
is vital for their independent living and quality of life. If they
are not active, their shoulders can be injured because they are
overused in their daily life without being trained for specific
activities (eg, getting in and out of the wheelchair). Another
risk is that they can gain weight, which requires them to change
to a wider wheelchair, thus rendering more places inaccessible.

As commercial self-tracking technology (eg, smartwatches)
becomes increasingly common, wheelchair users can access
and benefit from its advancements. Some of this technology
(eg, Apple Watch and Runkeeper) has already implemented
accessibility settings for wheelchair users. Up to now, research
on self-tracking technology has focused on (1) chair-ables,
artifacts placed on or in the wheelchair to promote a healthier
lifestyle [2-4]; and (2) studies on wheelchair users’ experiences
with self-tracking technology that was provided or introduced
to them [5-7]. However, the everyday lived experience of
self-tracking and related technology (ie, self-tracking
technology) of wheelchair users with SCI is underresearched.
This can result in the exclusion and underrepresentation of this
specific group in the research and development of commercial
wearables. Excluding part of the population as “special users”
is an ethical and social issue [8,9]. In addition, more commercial
technologies are anticipated to become accessible to a broader
audience once the European Accessibility Act (EAA) is applied.
This act focuses on digital products and services, underlining
the importance of mainstream technology being accessible to
people with disabilities and older adults [10].

The objective of this study is to build on previous research on
self-tracking and self-tracking technology among wheelchair
users with SCI [5-7,11] to include lived experience of
self-tracking and self-tracking technology. Through an interview
study, we aimed to answer the following question: How do
wheelchair users with SCI experience self-tracking and
commercial self-tracking technology in their everyday lives?

This section first provides an overview of SCI and the impact
of the injury on people’s lives. This is followed by a short
overview of existing research on wheelchair users and
self-tracking technology for health and well-being. Finally, we
position our research in the context of contemporary society
and technological research focusing on the role of wheelchair
users with SCI.

SCI Overview
Worldwide, approximately 90 million people live with SCI,
many of whom are either underage or part of the working
population [1,12]. Each year, between 250,000 and 500,000
people sustain an injury to their spinal cord [1]. The average
lifetime costs of an SCI starting at the age of 25 years range
from €0.45 million to €2.1 million (US $0.49 million-$2.3
million), which exceeds those related to dementia, multiple

sclerosis, and cerebral palsy [1]. Poor quality of life for people
with SCI, their families, and caregivers—in combination with
the socioeconomic burdens caused by the injuries—make it
imperative to find solutions for this condition.

A motor-complete SCI leads to complete muscle mass loss in
the legs and, thus, life as a wheelchair user. For a walking
person, the muscles in the legs are the main consumers of energy
both in an active state (eg, when the person exercises or moves)
and in a rest state (eg, sleeping or sitting) [13,14]. In addition,
an injury above thoracic level 6 provokes an altered
(physiological) autonomic response during both rest and activity
[15]. This results in an altered metabolic response, leading to
reduced energy burn in both states [13-15]. Body weight balance
is partly explained as caloric balance based on calorie intake
and output [16-18]. After an SCI, the total energy burn (ie,
calorie burn) is much lower than before. Generally, after the
initial acute phase, people with SCI lose weight due to the loss
of muscle mass and the healing process. During rehabilitation,
most people get used to their light body weight and narrow
wheelchair, facilitating an active and independent daily life.
Throughout the rehabilitation phase, body weight tends to
increase (approximately ≥2 kg during the first year) [19]. This
relates to the lack of compensatory caloric intake due to the
lower metabolic demands (total daily energy burn), which leads
to energy imbalance with higher calorie intake than energy burn
[19]. Increased body weight can have many consequences, such
as higher stress on shoulder muscles due to extra weight being
carried each time the person transfers to and from their
wheelchair [20]. Moreover, it becomes more difficult to manage
daily activities such as self-care. The resulting shoulder pain
and reduced independence are often devastating [20]. Thus,
calories are extremely important for people with SCI.
Maintaining an appropriate calorie balance becomes much more
achievable when energy burn and calorie intake can be
monitored.

Wheelchair Users With SCI and Self-Tracking
Technology for Health and Well-Being

Overview
Self-tracking is a voluntary, reflexive practice in which people
collect data about themselves to enhance self-awareness and
understanding by observing, noting, and interpreting various
aspects of their lives [21]. Self-tracking technology is any
technology that supports people in self-tracking practice. This
technology can include apps—where the user registers
information about their health and well-being—smartwatches
or other wearable technology (wearables), or sensors embedded
in assistive technology such as a wheelchair (chair-ables).
Self-tracking technology is not assistive technology as it does
not aim to improve the functional ability of people with
disabilities or enable and enhance their participation and
inclusion in different domains of life [22]. However,
self-tracking technologies can offer inclusivity through adjusting
functionality to include people with disabilities.

In this study, we focused on the experiences of people with SCI
with mainstream technology as we aimed to contribute to an
inclusive design. However, we recognize the importance of
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understanding and learning from assistive technology for our
target demographic. This understanding could direct inclusive
design research and practice as it provides insights into adjusting
or expanding the mainstream technology to be more inclusive.

Assistive Technology
Chair-ables have been researched in terms of tracking specific
behaviors and self-care–related injuries. Let us take the case of
pressure releases, which are vital for wheelchair users in
avoiding pressure ulcers potentially contributing to premature
death [23]. A chair-able can support wheelchair users with
pressure release exercises. Sensors can be placed on the
wheelchair to measure in-seat movement, classify the activity
from the sensors into weight shifts, and inform the user with
their data as well as sending push notifications upon achieving
goals related to pressure releases [2]. In 2021, Ahad et al [4]
developed and evaluated the reliability of an algorithm and a
chair-able that could support people on wheelchairs in doing
their pressure release exercises. The year after, design
considerations for supporting electric wheelchair users with
SCI on their pressure releases were published [24]. The authors
[24] implemented context-aware and unobtrusive reminders
delivered by the wheelchair for incomplete or incorrect pressure
release exercises. The interaction with the wheelchair in this
context [24] was preferable to an interaction with an app.
Similarly, but in the context of self-tracking apps, Amann et al
[25,26] used participatory design to design, develop, and
evaluate an evidence-based app that uses a smart camera to
prevent pressure injuries.

As for self-care, Büyüktür et al [3] presented requirements for
semiautomated tracking to support people with SCI in their
self-care by interviewing patients and health care professionals.
Their main findings were that the patients’ routines change from
the clinic to the home environment and each patient decides to
focus on what they value the most (eg, sleeping instead of
waking up to change position during their sleep). Each patient
and their informal caregivers try different routines in the home
environment until they find one through which they can track
the behavior and with which they can comply. Thus, Büyüktür
et al [3] recommended a highly tailored and flexible system that
can follow the patient’s routines as they change and give them
feedback. In general, a systematic literature review [11] showed
that there is research on self-management of SCI in the home
environment and clinic as well as the promotion of physical
activity and a healthy lifestyle (eg, wellness and fitness). For
example, one of the articles reviewed [27] presented that an
intervention that tracked the activity of wheelchair users with
SCI and motivated them through just-in-time messaging had
the potential to improve physical activity for wheelchair users
with SCI. Similarly, an interview study [28] explored the barriers
that people with SCI face to staying physically active: (1) lack
of tailored physical activity forums with wheelchair users with
SCI and (2) lack of personalized fitness-tracking technology
tailored to wheelchair-based activities.

Mo et al [29] explored the information needs of wheelchair
users, and they identified a lack of tailored, accurate, and
affordable tracking for wheelchair users both commercially and
academically. Even though they argued for inclusive technology,

the start of filling this gap could be in the assistive technology
literature. Li et al [30] introduced WheelPoser, a system that
tracks and identifies wheelchair users’ on-the-move activity.
They argued that they could do that by using 4 small sensors.
Their dataset, code, and models are available for everyone to
use, which allows mainstream technology to become more
inclusive by using the same system as an add-on to their trackers
or only the dataset to train their own systems. Huang et al [31],
recognizing the lack of data on wheelchair users for training
artificial intelligence algorithms on pose estimation, developed
and evaluated a dataset to fill that gap. Their dataset is publicly
available as well. Another article published in a disability forum
explored the relationship between the successful completion of
activity guidelines for people with SCI and the fitness or health
status of the person with SCI [32]. This paper referred to activity
guidelines [33,34] for people with SCI and an understanding
of how mainstream technology can tailor its features (eg, daily
goals) to a specific SCI group.

Inclusive Technology
Research underlines the need for inclusive and accurate
commercial technology for wheelchair users through studies
[35] and literature reviews [36,37]. The participants in the study
by Li et al [35] showed interest in tracking their activity, but
they did not trust the accuracy of contemporary commercial
technology, understanding that those using powered wheelchairs
could track some data on their activity that were relevant to
them, such as distance. A literature review explored how
academic publications in the personal informatics field address
the information needs of wheelchair users [36]; it consolidated
recommendations to tackle the design challenges that researchers
and practitioners may face when attempting to design for
including wheelchair users’ activity tracking and information
needs. In 2019, Moon et al [37] conducted a literature review
of studies on the inclusivity of contemporary digital technology.
They advocated for inclusive and universal design to become
an integral part of commercial digital technology’s development
process and consolidated methods that can support the process.

Another systematic literature review [11] published in 2023
examined the use of mobile health in supporting people with
SCI to maintain or improve their health. It showed that research
lacked results regarding the role of commercial self-tracking
technology for health and wellness to support people with SCI.
The authors [11] attributed this gap in research to the fact that
commercial self-tracking devices are inaccurate in their
calculations for wheelchair users. However, in 2021, a study
[38] evaluated the accuracy of the Apple Watch Series 1,
showing that the watch was accurate for high-frequency strokes
on a wheelchair (eg, a treadmill) but not for low-frequency
strokes (eg, walking). Even though the research was published
recently, the results of this research may not correspond to the
current version of the Apple Watch (Series 7).

Related to commercial trackers and their use by of wheelchair
users with SCI or their preferences, there is research limited to
commercial technology given to them for a specific amount of
time. For example, Ungurean and Vatavu [7] published a study
in 2022 exploring the needs of wheelchair users related to
activity trackers regarding different self-tracking technologies
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(eg, rings, watches, armbands, and chair-ables). The researchers
[7] interviewed participants after letting them watch videos of
2 different self-tracking technologies (eg, ring and armband) to
understand their perceptions, preferences, and willingness to
use wearables. Some of their participants were already wearable
technology users, and the researchers mentioned that this could
have supported them in answering the interview questions [7].
However, the study’s results focused on the videos that the
participants watched.

Malu and Findlater [5] based their research on the work by
Carrington et al [6]. Carrington et al [6] tracked variables of
wheelchair basketball players and presented the variables to the
athletes to understand their needs and potential data use. In
addition, Malu and Findlater [5] included wheelchair users who
were not necessarily athletes. Their participants were
interviewed, participated in design workshops, and tried 2
commercial technologies. Specifically, they used 3 fitness
trackers for 30 minutes before they compared them and
participated in a design session for designing a fitness tracker.
Finally, both studies agreed that the values that people in
wheelchairs may want to see are energy burned (calories),
distance, GPS data, and pulse. The participants in the study by
Malu and Findlater [5] added that calorie intake is equally
important to energy burned. Finally, Malu and Findlater [5],
unlike Carrington et al [6], showed that commercial self-tracking
devices using GPS and comparing mobility in steps between
different dates were acceptable and of value to their participants.

In 2019, Helle and Rosenbeck Gøegb [39] conducted a focus
group interview study with 7 wheelchair users who were
members of a basketball team. The study aimed to explore
wheelchair users’experiences with current self-tracking devices
and future requirements. Their key results showed that their
participants only found the distance and time parameters useful
and perceived calorie consumption, pulse, steps, and training
intensity as inaccurate [39]. Their study participants commented
that “some activity trackers provide reminders that assume that
the user can walk” [39]. The authors concluded that accurate
activity trackers designed for wheelchair users are needed. It is
not obvious from this publication whether the participants were
daily users of the technology or whether the technology was
given to them for study purposes, and we do not know whether
they were professional athletes.

To summarize, research on self-tracking and self-tracking
technology and its use by wheelchair users with SCI is primarily
focused on either building technology for them or gathering
requirements and their opinions on contemporary commercial
self-tracking technology, with which they may have limited
experience [5-7,11,25,39]. Our research enriches this body of
knowledge [5-7,11,25,39] with lived experience of people who
track or tracked their activity or use or used commercial
self-tracking technology. This study also increases the body of
knowledge of everyday lived experiences with self-tracking
devices and self-tracking for an often underrepresented
community in technological research—wheelchair users with
SCI [40].

More Reasons for Inclusion in the Design of
Commercial Technology
People with disabilities are often considered users of “special”
products designed explicitly for them instead of active
participants in the mainstream market [41]. “Special” targeted
products would have a smaller share in the market, and they
may be more expensive and, therefore, inaccessible for many
people with disabilities as people with disabilities—at least in
the European Union (EU) [42]—tend to be at a higher risk of
financial challenges. According to Eskyte [41], dividing the
market into “average” and “vulnerable” users is an obstacle to
incorporating accessibility requirements into general consumer
product development. In 2025, all digital services and products
in the EU market need to be accessible according to the EAA
[10], which will urge practitioners to design digital products
and services with a diverse audience in mind.

Publications in technological fields support that building things
for people with disabilities often means building better things
for everyone [9], and a systematic literature review [11] shows
that research on technology for people with SCI tends toward
user-centered design. Even though user-centered design focuses
on the user by collecting information about them, building
empathy—often by simulating their health conditions [43]—and
potentially involving them in key stages of the design and
development process, it does not seem to be enough. Bennett
and Rosner [44] argued for a more participatory way of
designing; instead of designing for the person who is different
from the designers (eg, wheelchair users), we should design
with them as part of the design team. Their research indicates
that, by trying to simulate their life experiences, we do not treat
them as equals but as something different from us, different
from the norm [44]. While the solution to the limitations of
current empathy-building methods seems to be the participation
of the specific user group in the design process, participation
does not guarantee technology acceptance [26] and may be hard
to achieve [40]. For example, in the case of SCI, Kabir et al
[40] support that, due to the impact of the condition on the user,
for example, speaking or fatigue issues may have been excluded
from the research because the collection methods of the
designers and researchers are inaccessible. Kabir et al [40]
describe that the methods need to be adjusted based on each
participant’s abilities, something that some publication forums
and reviewers may consider a methodological weakness of a
study.

This paper does not argue about replacing the involvement of
people with SCI in research or user research. However, it gives
an idea of how current people with SCI experience commercial
self-tracking technology and describes some of their needs.
Even though researchers and practitioners will need to involve
people with SCI when designing accessible products, this study
can act as a starting point to understand some people’s
experiences with SCI, their self-tracking habits, and their use
of self-tracking technology.

Methods

We will first present the research context and then how the data
collection and analysis were conducted.
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Context of the Study
This research was conducted as part of a long-lasting
cooperation among researchers in the human-computer
interaction field; a researcher in physiotherapy focusing on
wheelchair users with SCI; and a center for SCI in Gothenburg,
Sweden. This cooperation aims to explore the use of affordable
commercial wearables and build an application that uses the
wearables’ data to accurately calculate the collected variables
specifically for wheelchair users with SCI. The project is based
on research exploring the energy outtake for wheelchair users
with SCI on specific exercises [21-24]. Within the scope of this
project, we conducted interviews to understand how wheelchair
users with SCI experience self-tracking and the use of
commercial self-tracking technology in their everyday lives.

Ethical Considerations
At the start of the cooperation, the planned research was
reviewed and evaluated for its ethical integrity following the
process of the Department of Applied IT at the University of
Gothenburg, Sweden. This qualitative study interviewed people
with SCI on their tracking habits and use of commercial
self-tracking technology. This type of research does not fall
under any of the categories described by the Riksdag (the
supreme decision-making body of the Kingdom of Sweden) as
research requiring ethical clearance as no sensitive personal
data or other personal data were collected or published [45].
The study did not have access to or collect interviewees' personal
information prior to, during, or after interviews. The participants
were informed about the study through an informed consent
form and could ask questions before taking part. The information
sheet also included details on how they could withdraw. The
data of the participants were handled according to the Swedish
implementation of the European General Data Protection
Regulation. Participants received no compensation.

Recruitment, Data Collection, and Data Analysis
We conducted 9 semistructured interviews [46,47] with
wheelchair users with SCI. Knowing from the literature [40]
that we may face challenges in recruiting participants for
interviews, we used nonprobability convenience sampling using
the network of the SCI center in Gothenburg, Sweden, and
personal connections. Eligible for participation were people
aged >18 years who had SCI for more than a year and who used
a wheelchair to move. If participants did not fulfill all the
aforementioned criteria, they were excluded. The aim was to
have a deep understanding of the experiences of the people who
contacted us rather than having a certain quantity of data.

Due to the geographical distribution of the participants and to
accommodate the interviews at any time the participants wanted
(even if it was on short notice), we conducted the interviews
and recorded them over Zoom video call (Zoom Video
Communications). In that way, the participants could also show
us how they tracked themselves if needed. The interview guide
had three groups of questions: (1) introductory and background
questions, aiming to get to know the interviewees and their
habits concerning daily life and exercise activity, including
mobility; (2) questions about experiences of self-tracking and
self-tracking technologies before and after their injury, aiming

to understand the relationship of the interviewee with
self-tracking and self-tracking technologies before and after
their injury; and (3) closure of the interview questions, aiming
to allow the interviewees to add anything they wanted us to
know and understand their interest in the results of the study.
We did not collect any actual measurements of their physical
activity, nor did we try to evaluate their physical activity based
on any tool as the focus of this study was to understand their
experiences with self-tracking and self-tracking technologies.

The average duration of the interviews was 45 (SD 12.9)
minutes, with the shortest being 30 minutes long and the longest
being 69 minutes long (390 min; 6.5 h of video recordings in
total). All participants were Swedish; 89% (8/9) of the
interviews were conducted in English, and 11% (1/9) were
conducted in Swedish. The participants interviewed in English
could communicate clearly and fluently in English. The
interviews were transcribed, and the first author analyzed them
through inductive thematic analysis [48] following the steps by
Braun and Clarke [49]. The first author familiarized themselves
with the data and found codes and initial themes (steps 1-3).
All authors reviewed, defined, and named the themes (steps
4-5). In our qualitative and explorative study, we focused on
providing a rich description of our participants’ experiences
with self-tracking and self-tracking technology rather than the
frequency with which they talked about each theme. The quotes
used were modified to remove repetitions and for grammatical
correctness. The quotes taken from the Swedish-language
interview were translated into English.

Methodological Limitations
To invite the participants, we used the connections mentioned
previously. In the invitation, we informed participants that it
would be an online interview; thus, participants who had
difficulty speaking due to their injury or other reasons may have
been excluded [40]. We expected a small sample who would
have the time and energy to participate. To counteract this, we
invited people with SCI to participate regardless of whether
they were current or past users of self-tracking technology as
long as they had tracked something related to their injury or
physical activity at some point. We focused on analyzing and
obtaining a deeper understanding of the experiences of the 9
people rather than on collecting more data.

Results

Overview
A total of 22% (2/9) of the participants were female, reflecting
the gender ratio of SCI at 20% female [50]. In total, 22% (2/9)
of the participants had never used self-tracking technology, but
they had all tracked some variables. Apart from participant P5,
no one was currently an athlete. All the participants (9/9, 100%)
were well past their first year of living with SCI, characterized
as phase 3 or the chronic phase [40]. No participant had any
serious issues with breathing or speaking during the interview
regardless of their level of injury. More details about each
participant’s sex, age, years with SCI, and use of self-tracking
technology, as well as the code used to refer to them in the
following sections, can be found in Table 1.
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Table 1. Demographics of the participants, including their use of self-tracking technology.

Use of self-tracking technologyYears with SCIaAge group (y)SexParticipant code

Yes3550sMaleP1

Yes3140sFemaleP2

Yes530sMaleP3

No29≥65MaleP4

Yes1230sMaleP5

Yes1340sMaleP6

No40≥65FemaleP7

Yes660sMaleP8

Yes—b50sMaleP9

aSCI: spinal cord injury.
bNot applicable.

In total, 78% (7/9) of the participants had extensively
experienced self-tracking technology; however, this high level
of engagement with technology should be considered within
the context of the study. People living in Sweden use IT daily
for mundane things (eg, mobile payment is common; 92% of
the population) [51]. In addition, Sweden is among the 7
countries in the EU with the lowest gap in employment between
people with and without disabilities, which may have allowed
our participants to have enough income [52] to purchase
self-tracking technologies.

The thematic analysis resulted in 3 themes, one of which had
3 subthemes. The first theme, being a wheelchair user with SCI,

included codes relevant to the participants’ descriptions of their
activity levels, themselves, and their lives. The second theme,
reasons for self-tracking, included codes related to the
participants’ self-tracking habits. The third theme, experiences
with self-tracking technologies and tools, included subthemes
related to self-tracking technology use, calorie tracking (intake
and burn), and trust in self-tracking technologies. Figure 1
provides a more illustrative understanding of how the themes
are structured. The figure is designed to be read from top to
bottom and left to right. A tabular form of the figure can be
found in Multimedia Appendix 1.

Figure 1. The final themes that resulted from the thematic analysis in a diagrammatic representation. Multimedia Appendix 1 shows the representation
of the themes in a tabular form with a summary of the main findings.
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Being a Wheelchair User With SCI
This presentation of the participants aims to increase our
empathy and understanding of how they experience their lives
as wheelchair users and as former walking persons. Wheelchair
users with SCI experience life first as walking people and then
as wheelchair users. This means that they must adjust to their
new body and develop new skills and often see themselves and
their life divided into 2 periods—before and after the injury.
For example, P8, who had a physical job and changed to a desk
job after becoming a wheelchair user, mentioned that “before
the injury, I did not track [my activity]. You could see I was
physically in a good place. I was very masculine. After the
injury, it is another story...you need to train, of course, a lot of
rehabilitation.” The various SCIs can influence people’s bodies
and lives differently, widening the diversity of their bodies.

Our participants dealt with the change in their skills in five
ways: (1) adjusting their previous knowledge to the new
situation, (2) giving up old habits, (3) being challenged to keep
old habits, (4) reflecting on the behavior of their body, and (5)
acquiring new skills. For example, regarding item 1, P3 adjusted
his previous knowledge to the new situation in the following
way:

I knew what because of my experience before the
injury. I knew how to train, [but] I had to adapt to
the situation I got into. I could not do everything in
the same way, but I got some tips from the
rehabilitation clinic, and I tested them myself.

Others had advanced skills as non–wheelchair users that they
lost when they became wheelchair users. For example, regarding
item 2, P9 preferred to give up old habits “since I know that I
have been playing badminton at a certain [high] level, it is
frustrating to find myself being bad at it in the wheelchair. So
maybe I would rather play tennis or basketball,” whereas others
saw their new life as a challenge to keep doing what they used
to do. For example, regarding item 3, P1, who used to ski before
his injury, felt that sit skiing would not be a challenge. When
he tried it and realized how difficult it was for him, he was
challenged to keep skiing:

I tried [sit ski], then it was so super hard.... So
somewhere, it triggered me that I need to practice to
get better at it.

Regarding item 4, P9 reflected that his body did not react the
same while running. As now he was not using his legs but his
arms to move the wheelchair, it was harder for him to raise his
pulse and feel the effects of exercise before his arms got tired.
All of them had to learn to use a wheelchair, and the learning
experience differed from person to person (item 5). For example,
P4, one of the main organizers of a wheelchair community,
mentioned that, when he started using a wheelchair, there was
not much support but, in his community, they support others
with basic wheelchair skills:

[W]e [practice] with balancing the wheelchair [on
the back wheels] without dropping it back. [It] is very
useful and hard skill.... It is very dangerous [as] you
can hit your head.

Everyday activities take more time based on the level of the
injury and how it has influenced the body. For example, P7
mentioned that “I have to take care of myself and then work...it
takes a lot of time,” so she did not have much time to dedicate
to exercising. P6, who worked at a rehabilitation center where
people stayed for several weeks, said the following:

[R]ehabilitation is a lot about...you come here for 4,
6, 8, 10 weeks and you lay a foundation, but to get to
be autonomous/independent. You need to continue
when you get home because that’s where you really
need to put in the effort. And I tried to be clear with
patients that this is the beginning. When you come
home, that’s where the struggle or the real-life starts.

P6 underlined that, when one is in the rehabilitation clinic, they
are free from daily responsibilities that may increase when they
return to their daily life and take time from the exercise levels
they need to sustain. Finally, P4 and P8 pointed out that, in
addition to SCI, one develops more chronic conditions due to
aging (eg, P8 kept track of his diet due to type 2 diabetes, and
P4 tracked his blood pressure and related medication because
he had a myocardial infarction).

To summarize, wheelchair users with SCI need to learn to know
and adjust to their new bodies—bodies that are diverse by nature
combined with the type of injury. When they learn basic
wheelchair skills, they must deal with everyday life, which of
course takes time for everyone, but for them, it can take time
from their exercise. Exercise is a vital part of the high level of
activity they need to sustain to be independent and healthy.

Reasons for Self-Tracking
Habitually, inpatients in rehabilitation clinics are told to
document their activities or have them tracked during any type
of rehabilitation or training related to their injury. However,
few of our participants described this as tracking. For example,
P9 mentioned the following:

If one is in rehab, one should keep track so they can
see that the exercise is working...

P7 remembered tracking during her injury-related training:

[Y]ou get a mentor that you can check up to after a
couple of weeks, then you must make a new measure
and see how you are doing. That was very useful.

P8 reflected on the lack of technology and feedback during
rehabilitation:

I think I get the idea [of tracking] from having to fill
out all those forms when I was in the rehab center.
Every week I have to write on paper, my weight, how
much I lost when I went to the toilet, how much I ate
on a particular day...and then the doctor
concluded...[what I should change]...with the
technology we have today just putting that on paper
was not doing anything to me...I was just waiting for
the outcome from the doctor.

Our participants had different motivations for tracking. A total
of 44% (4/9) of them (P1, P2, P5, and P9) mentioned that they
had started tracking as they were practicing a sport. They tracked
because their coach had told them to, or their coach did the
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tracking for them. However, all of them kept tracking their
behavior even after stopping exercising. P2 tracked variables
related to swimming (eg, swimming style, time, and meters) as
she was training for the Paralympics; nowadays, she tracks the
activities she does through her Apple Watch as “it’s so
simple...the watch does it for me” and also uses it as a
motivation to move—“it kind of reminds me to move” and “it
keeps track, and it tells me you did a good [job] today.” P1
mentioned his reaction the first time he was asked to track
variables related to skiing (eg, weather conditions, exercise
type, and timing) and how he came to keep tracking his
activities:

Well, it was the trainer who said, you need to keep
track on what you do. Why I’ve already done it. That
was my answer. But then I started to do it. And then
I realized that let’s say after one season, I looked in
the diary [and thought] oh, I need a lot of those things
and [those things] didn’t pay off. Maybe I should do
less of those things since they don’t pay off so much
and maybe I should increase the things that pay off.

P9 continued reflecting on his motivation for tracking his
activities using his Apple Watch:

[I]t is not so much that I want to be in a national team
or anything, it is more important that I can stay
healthy and be a part of family activities and continue
to do that. That is the most important thing to me.

P3 mentioned keeping track of his training, especially when
making changes to his training activities:

When you gonna train intensively for a month or
something, I think it’s interesting to keep track of your
training. If you have a goal or race as well, which I
don’t right now.

He reflected the following:

Yeah, I think most parts of tracking is for motivation
for me at least, and then also, it’s just interesting to
see some data.

P2 and P3 mentioned that they used tracking to increase
motivation, as did P6:

[I]t’s mostly motivation to see that to give myself a
pat on the shoulder.

Some participants (P1, P5, P6, and P9) tracked their activity
before their injury as they were practicing different sports or
participating in competitions. On the other hand, P4, P7, and
P8 were not interested in tracking or were motivated to track
only after their injury. P4 tracked his activity only as part of a
game his colleague created—a point system that considered
activities one did (eg, walking) and measurements of weight,
waist, and chest. The person with the most points won. The
point system was adjusted for P4 as he was in a wheelchair. P4
mentioned this game:

It was like, a challenge, you know...we challenge
ourselves and even checked together “now I’m up to
2000 points” or whatever.

P7, who had a higher level of injury, mentioned that she was
never interested in tracking but that she kept track of her weight
and the time it took her to move between places in her house:

[I]f you go to the bathroom, I got to make it in 10
minutes, [to] compete with myself to do with it as
quickly as possible.... The only thing I track is my
weight. My heart rate is no use because I can’t get
[much variation]

P8 mentioned that he started feeling the need to track after his
injury; before, he could simply see that he was muscular.

Summarizing, our participants performed a lot of tracking during
their rehabilitation period to support the health care professionals
following them, but the tracking was done on paper. Those
training before their injury had a habit of tracking different
variables and found value in tracking, but not everyone felt the
need to track. In any case, the injury changed the way in which
our participants tracked, either from not needing to track to
needing to track or by changing the reasons for tracking and the
variables they tracked.

Experiences With Self-Tracking Technologies and
Tools
In this section, we will present the experiences of our
participants with self-tracking technologies and tools through
three subthemes: (1) use of self-tracking technologies, (2)
tracking calories, and (3) trust in self-tracking technologies.

Self-Tracking Technology Use
The participants had experience using the Apple Watch,
Runkeeper, Polar Beat, Pulse Polar Watch, and Nike+. While
these technologies automate tracking and keep score of data,
the participants also used manual means of tracking data about
themselves. They mentioned using Microsoft Excel, a stopwatch,
Lifesum, and paper as examples of manual means of
self-tracking. One participant (P5) also mentioned that they
“track in my mind.” However, the most recurrent technologies
in the responses were Apple Watch and Runkeeper.

Before their injury, only P6 and P9 used technology (Nike+
Running App) to track their activity. P1 kept a logbook with
ski-related variables (he continued after the injury until he
bought his Apple Watch), and P5’s coach tracked his activity
and gave him a schedule or advice accordingly. After their
injury, participants P3, P5, P6, and P9 started using the
Runkeeper app, which includes a wheelchair user mode. P3 and
P5 used it to measure their speed and the distance they ran, and
P6 and P9 used it to train for marathons or similar events.
However, P9 mentioned that he had given up on Runkeeper
because it did not work well with his Apple Watch:

Nike, that’s actually what I used when [training for
the] world run because it’s, it’s pre-installed in my
Apple watch. So, when I got the Apple Watch, the first
thing I did was download RunKeeper on my Apple
watch. But I noticed that it wasn’t attached to it with
all its [features]. But there was also already a running
up called Nike.

P1, P2, and P9 were using Apple Watch to track their activities.
Apple Watch includes an option for wheelchair users. In the
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default mode, the Apple Watch tracks many activities (eg,
biking, swimming, and skiing). However, if one sets it to the
wheelchair user mode, only 4 activities become available:
wheeling in- or outdoors and walking or running speed. P2
preferred to track her activities separately and used the default
mode:

So most of the time I use the activities that are in the
watch. I’m aware that they [calories] are not adapted
for me and my muscle mass. That is not the important
thing to me. For me, the important thing is that kind
of keeps track and tells me that—okay, you did a good
job.

For P2, it was more important to track her activities and obtain
positive feedback than to have access to accurate measurements
of some of her activities.

The Apple Watch also displays 3 concentric rings: the inner
blue ring shows how many times in the day one has moved (ie,
changed position), the middle green circle shows how many
minutes of brisk activity one has had, and the outer red circle
indicates the active calories burned throughout the day. When
P2 referred to the positive feedback she received, she meant
how full these rings were. P1 and P9—who used the wheelchair
mode on their watches—also looked at those rings for a quick
daily overview. P9 mentioned the following:

[I] look at it but I don’t pay too much attention to it....
I can see that I have done my full day’s work and
that’s kind of the analysis I do, not so much else.

Some of our participants used other apps and devices. For
example, P8 had tried the Samsung Health app, but the
measurements provided were not relevant to him. P1, one of
the Apple Watch users, used a digital food diary (Lifesum)
compatible with his watch to track his diet. P5, who was using
Runkeeper, also used Polar Beat when training to measure his
heart rate; however, he also considered the limitations of the
technology. Specifically, he said the following:

I don’t know if it’s correct, but they mean that if
you’re a tetraplegic [injury level], your heart rate
can’t go over 120 Mm. And you can push as hard as
you can. And you can’t get over 120 But on the
Polar-Beat that I [wear around the arm], I have been
up to 136, I don’t trust the one you put around [the
chest] like this.

This section shows that our participants were familiar with
self-tracking tools. Many used or tried digital self-tracking
technology after their injury, and some had done it even before.
They tracked variables that could influence their sports
performance or support them in understanding their body (eg,
pulse and diet). They also tracked in less quantifiable ways, for
example, what activities they did (eg, skiing or swimming) or
the completion of goals set on their Apple Watch, which
provided motivation. However, all participants mentioned
calories and their measurement and consumption. Some
expressed the need for a “lifestyle app” supporting them in
healthy living as a whole—both in activity and diet tracking.

Tracking the Calories

Overview

When our participants talked about their experiences with
self-tracking technology, the discussion always turned to calorie
tracking or similar variables (such as weight and diet). Keeping
a healthy lifestyle and not gaining weight is an issue for
wheelchair users, and the impact of gaining weight on their life
quality is tremendous. P9 was the most descriptive on how
gaining weight could influence his life quality:

I just want one thing; I don’t want to have to change
my wheelchair into a wider one. If I get fatter, for
example, it would be harder to make all these
movements that I have to do in and out of the car
every day, in and out of my bed every day in and out
of the shower every day, or maybe every other day.
Also, if because I’m getting fatter, if I have to get a
wider wheelchair, I wouldn’t get into certain doors,
for example, in hotel rooms because my wheels are
wider apart...I don’t want that to happen and I’m
ready to try any mechanical device to help me from
not having to do that.

This quote illustrates the potentially more serious consequences
of gaining weight for wheelchair users and the need to track the
calorie burn and, if possible, intake. P5 mentioned that “in our
world, calories are very important,” and P1 commented on
weight gain and aging:

[W]eight is a problem all the time, especially now
when I am getting a bit older, and it is easier to gain
weight than losing it.

Even P7, who seemed uninterested in tracking her activities and
did not use any self-tracking technology, mentioned that
“tracking it’s not so important for me” but “I track weight
because it is important for us.” When our participants discussed
tracking their calories, they mostly talked about calorie burn
(P1, P2, P3, P5, P6, P8, and P9). Only 44% (4/9) of the
participants (P1, P3, P4, and P5) mentioned calorie intake or
diet, and only 11% (1/9; P7) mentioned weight (which can be
perceived as a balance between calorie intake and burn).

Calorie Burn

As wheelchair users with SCI have less muscle mass than a
walking person, they consume calories differently. P1 mentioned
the following:

It is really hard for a paraplegic [injury level] to burn
calories. It takes so much more time to burn the same
amount as you [a full-muscle ability person]. If you’re
out jogging for one hour, I must wheel maybe for
three.

Therefore, to burn enough calories, they need to spend more
time exercising.

Few commercial self-tracking technologies have their features
adjusted to wheelchair users. Runkeeper and Apple Watch were
2 technologies mentioned by our participants that consider
wheelchair users in some of their features. Our participants did
not trust the self-tracking technology they used regarding
calories and, instead, used other variables as a proxy for calorie
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burn. Consequently, they managed their calories by staying
active or using self-tracking technology as a motivation to stay
active. P6 used self-tracking technology (FitNotes and
Runkeeper) to keep a high level of activity in addition to
motivating himself:

[One session] wasn’t good enough, next week, I’m
doing two sessions. And I’m taking the time [for an
extra session] by putting something else out of my
schedule. Or if, last week, I trained five times. I tell
myself I did something good. Continue!

P5, who used the Runkeeper app, underlined that he checked
the distance and speed provided by the app but not the calories
despite mentioning that calories were very important to him.
He also discarded the calories that his wearable showed (Polar
Beat, which measures heartbeat and calories), saying that “I
don’t care about the calories because I know...the calories are
all wrong.” P3 also mentioned heartbeat as an indicator for
understanding that his training had an impact:

[H]eartbeat is always good because if your heartbeat
races, you're doing something.

He also reflected on a noncommercial smartwatch he had tried
as part of another study that measured steps, finding steps not
to be a good indicator or proxy for understanding his activity
levels:

I do not know if I am moving a lot, I have more steps
on my watch, but I do not know how it works and I
do not know what it reduces it and what it does not.

Similarly, P8 reflected that the visualization of steps in
commercial self-tracking technology as an activity proxy was
irrelevant to him:

Samsung health (smartphone) counts my steps which
is not connected with the reality...Like FitBit.

Apple Watch is one of the self-tracking technologies that has
adjusted some of its features for wheelchair users (eg, wheeling
in- or outdoors and walking or running pace); however, only
P1 trusted and followed their calorie burn. In contrast, P9
pointed out the following:

I have my Apple Watch on when I do [strength
exercises]. I guess it’s not smart...it tracks some of
the movements I make as a push in my wheelchair. It
was the same with that would that pole pooling...it
doesn’t track it as something else than kind of push
with the wheelchair.

Thus, the watch counted his calories based on the strokes he
did to move his wheelchair, and he argued that, regardless of
what exercise he did, the watch would always measure only
wheeling in- or outdoors and walking or running pace but not
the actual exercise. Therefore, the calories could not be
estimated based on a different activity but only on the strokes
he did, so he did not pay attention to them but used the watch
mainly for motivation. P2, another Apple Watch user, said the
following:

[A]ll other activities are in there, but they are not
adapted for people with no full muscle ability. With

that said, I had kind of decided that it doesn’t really
matter if I spent 300 calories or 500 calories.

She added that she used the watch to motivate herself to move.
Thus, she preferred to use the Apple Watch in the default mode
rather than in the wheelchair mode, favoring the ability to track
different activities over a more accurate calorie estimation.

Some participants also used nontechnological means to measure
their calories manually. For example, P1, who was part of a
medical research project on SCI, became aware of the
connection between his energy consumption and his pulse and
took action based on that:

[B]efore being part of the project about energy
consumption for a disabled person, I had no way to
determine how much energy I consume during the
day but after that, I made charts because I have a
really strong correlation between pulse and how much
energy I consume.

To summarize, a person with SCI consumes calories at a slower
pace than a full-muscle, able-bodied person and needs to be
more active to burn the same amount of calories. Most
commercial technology currently in the market does not account
for this difference, which leads to apps incorporating the
wheelchair symbol without adjusting the calorie burn for this
type of user or apps calculating the calorie burn correctly but
only for limited activities. Thus, our participants estimated their
calorie burn based on how many exercise sessions they did or
their heart rate increase. Self-tracking technology was used
mainly for motivation, and steps were not perceived as a good
proxy for activity tracking or calorie burn.

Calorie Intake

Weight is impacted not only by calorie expenditure but also by
calorie intake. For example, P4 said that “Exercises are good
but if you don’t stop eating too much, you will never lose
weight.” Just like P3 adjusted his exercise knowledge to the
new situation, P5 needed to adjust what he knew about diet.
Before the injury, P5 had a personal trainer who planned his
weekly exercise and diet, for example, to gain muscle. However,
P5 mentioned that he found that he could no longer follow what
he had learned from his trainer after the injury:

When I ended up in a wheelchair, I was used to having
the [diet and exercise] paper in the back of my head.
But every other person in a wheelchair said you can’t
eat as much as you did before. So today I’m eating
small portions but more often. I don’t do breakfast,
lunch, dinner.

P5 had to adapt his weight management after becoming a
wheelchair user by avoiding the traditional food distribution
throughout the day.

Even though participants were interested in counting their
calorie intake, only P1 used a dietary app, called Lifesum. He
mentioned that the intake of calories was also important and
that it would be interesting to have a daily calorie goal and take
note of the type of diet one follows, if applicable. P1 said the
following:
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An app that could measure what I eat, and I can put
in parameters like, [amount of] calories [that] are
ok for the day, and any kind of diet I follow.

Another participant, P7, felt that she had control over her diet
owing to a course organized for people with SCI that she took
after her injury:

[In this course] you start tracking everything, they
check your weight and height, how you train and
exercise, how you feel—everything. And then you get
a plan and learn a lot [about] bad calories, and you
know exactly how much you are going to eat and how
to change...you get a mentor that you can check in
with after a couple of weeks, then you [must] make a
new measure or everything and see how you are
doing. That was very useful.

Here, instead of using a tracking tool, the user learned how to
manage their calorie intake in an educational setting, when
episodic measurements were made, and then made sense of
them with the support of their mentor.

The participants expressed that calorie intake was as important
as calorie burn. They described that they had to adjust their
eating habits after the injury to fit their new bodies. Even though
only P1 used self-tracking technology to track their diet, other
participants mentioned that they had to undergo training or go
through an adjustment period to learn how much they could eat
by tracking their diet.

Trust in Self-Tracking Technology
P1, P2, P3, P5, P6, and P9 used self-tracking technology to track
their activities but did not trust this technology, especially
regarding the calories. P1 trusted his Apple Watch because
“Apple bought a survey conducted in the US that was about
paraplegics, working [out], and how much calories [they burn]
with which workload. And they put that algorithm in the watch.
For example, let’s say a paraplegic person has a 30% slower or
lower metabolism compared to able-bodied, that is in
consideration in this app.” He compared his watch to Runkeeper:

I’m out wheeling with 100 pulses; I get depressed
because it’s like 210 calories. But if you go to
RunKeeper, and you have been jogging for one hour,
you have 700 calories. So, if you use that app, you
will be so fooled and tricked by it. Because it is hard
for a paraplegic to burn calories.

P1 made a comment on commercial apps using the wheelchair
symbol deceptively:

[Y]ou have apps on the market RunKeeper, or
whatever, you download it because it has a
wheelchair symbol [thinking] Oh, yeah, this is a cool
company, they even bother to [consider] wheelchair
[users]. Yeah, but people don’t understand. That’s a
chart with calories from an able-bodied person. They
just replace the running person symbol with the
wheelchair symbol.

P2 was dissatisfied that, as a wheelchair user, she could only
track 4 activities on the Apple Watch. Therefore, she preferred
to use the watch without the wheelchair user setting to keep

track of the different activities rather than accurately tracking
the calories—as the quote in the previous theme shows. Despite
this, P2 stated that they were an “Apple family” and that she
trusted Apple because “it’s people I know that are interested in
technology that buy all the gear and try all the gear out that’s
Apple Watch is good I’m buying kind of trusted them Yeah.
And my husband recommended and said that it would be worth
it [now] that I had already started to add more exercise into my
life, and I thought that could be a good fun thing to try.” In this
case, what made the technology more trustworthy was not the
actual technological features but the social context. On the other
hand, P9 did not trust his Apple Watch to accurately calculate
the calories because it tracked everything as strokes on a
wheelchair regardless of the type of activity—as his quote in
the previous theme showed. However, he mentioned that he
trusted his Apple Watch more than an app on his phone as he
could not see how an app could track accurately:

[T]here was a wheelchair feature that I can put [in
the RunKeeper], instead of running or cycling, I put
it on the chair. But for example, it didn’t track my
pushes, because it can’t track my pushes, it seems it’s
only on the phone. So, I think it helps that it’s on my
Apple watch on my hand to be able to keep track of
[the pushes]. So, if I only have the phone in my, pouch
that I have on my sitting pillow, or I have it on my
arm higher, it doesn’t track my movement in the same
way.

P9 expressed his distrust of Runkeeper because it did not provide
the user with an explanation of how the app measures the
calories of a wheelchair user.

Similarly, P3 and P5 mentioned that they did not trust the
technology they used (Runkeeper and Polar Beat) regarding the
calories it presented them with. Specifically, P5 mentioned the
following:

Now it’s like, if I go for a walk, it shows how far and
the pace and even it [RunKeeper] shows the calories.
But I do not think the calories are exact, so I don’t
care so much about the calories.

He explained that, apart from calories, “I trust just the
RunKeeper because it’s like a map, a GPS. You have walked
three kilometers. You got the pace for each kilometer.” This
quote illustrates that, despite P5 distrusting some features of
the app (calories), he trusted others that were more easily
understandable. He added the following:

So for now, I’m pretty happy with the Polar-Beat it
is just the calories are not...and it’s not reliable.

Although the user considered himself satisfied with the Polar
Beat use, he chose not to rely on the calorie measurement.

Summarizing, trust in self-tracking technology (or the lack of
it) is influenced by the perception of the participants regarding
how the technology works and how the development company
accounts for different bodies related to calorie burn.
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Discussion

Principal Findings
This section recaps our contribution followed by a short
discussion on trust and transparency related to self-tracking
technology. Then follows a section with the implications of
commercial self-tracking technology, which concludes with
directions for future research.

To address the question of how wheelchair users with SCI
experience self-tracking and commercial self-tracking
technology in their everyday lives, we interviewed 9 wheelchair
users with SCI who had experience with self-tracking or
self-tracking technology. The last theme, experiences with
self-tracking technology and tools in Figure 1 divided into 3
subthemes, shows that current self-tracking technology fails to
accommodate wheelchair users’ needs concerning calorie
management in 2 ways. First, the current commercial technology
calorie calculation is based on a body with full muscle ability
and, therefore, is inaccurate for people with SCI (subtheme:
calorie tracking), and second, the users do not trust the calories
in the self-tracking technology (subtheme: trust in self-tracking
technology). Nevertheless, the wheelchair users we studied
continue to use self-tracking technology to motivate them to
stay active and to monitor variables such as heartbeat, speed,
and activity schedule as proxies for their energy consumption
(subtheme: self-tracking technology use).

This research has limitations due to the small number of
interviews and the positioning of the research in a
technologically advanced country (Sweden), which also has 1
of the 7 lowest gaps in unemployment between people with and
without disabilities in the EU. If the study had been conducted
in a different context with, for example, lower technological
literacy and use or lower employability of people with
disabilities, the results may have differed, particularly on the
number of people who have used self-tracking technology.
Finally, all of our participants (9/9, 100%) were White. If our
participants had had a darker skin tone, the results may have
differed, particularly in relation to the trust in self-tracking
technology theme as self-tracking technology is even less
accurate on darker skin [53]. Nevertheless, this study adds to
the body of knowledge by validating previous studies on the
different variables that wheelchair users want to see. It expands
the current body of knowledge by focusing on long-lived
experiences of self-tracking and contemporary commercial
self-tracking technology, especially on calorie management—the
most important factor influencing the life quality of wheelchair
users with SCI.

Our research contributes to the scientific community as follows.
It extends the work by Malu and Findlater [5] on fitness trackers
on wheelchairs by interviewing wheelchair users with SCI who
had lived, daily experience with tracking their activity or
self-tracking technologies. In line with the work by Malu and
Findlater [5], our findings in the calorie tracking subtheme
indicate that one of the most important values to be measured
is calories (intake and burn), followed by distances, GPS data,
and pulse, as indicated by the self-tracking technology use
subtheme. However, our findings in the calorie burn subtheme

indicate that steps are not a good variable to measure for
wheelchair users, which contradicts the study by Malu and
Findlater [5] but is in line with the work by Carrington et al [6]
and Helle and Rosenbeck Gøegb [39].

Our research, specifically the self-tracking technology use
subtheme, is in line with the work by Helle Rosenbeck
Gøegb[39] regarding the tracking of distance and time. In
addition, the trust in self-tracking technologies subtheme is
partially in line with the results of Helle and Rosenbeck Gøegb
[39] showing a lack of trust in technology related to some
variables (calorie burn and training intensity). Our participants,
similarly to those in the study by Helle and Rosenbeck Gøegb
[39], trusted the self-tracking technology regarding their speed
measurements and were interested in these measurements;
however, neither the participants in the aforementioned study
nor our participants trusted calorie burn tracking (see the trust
in self-tracking technology subtheme). Some of our participants
showed a lack of trust in training intensity as well (similarly to
those in the study by Helle and Rosenbeck Gøegb [39]); for
example, smartwatches counted every activity as a stroke on a
chair without distinguishing it from upper-body strength training
(see the trust in self-tracking technology subtheme). Finally,
our findings in the reasons for self-tracking theme suggest that
being able to track different activities and calorie burn and keep
track of exercise schedules, as well as seeing activity goals being
reached, was motivational for our participants to keep the active
lifestyle they needed, which is in line with the findings of past
research [27,28,54].

Trust and Transparency
Participants’ trust in self-tracking technologies was heavily
influenced by their understanding and perception of how these
devices worked. For example, Apple Watch users often trusted
the device more than phone apps, believing that the watch’s
ability to track arm movements made it inherently more accurate
than a phone carried in a pocket. However, this trust was
conditional and limited; participants expressed confidence in
the calorie estimates only for the 4 wheelchair-specific activities
provided by the device. Regarding other activities in which
calorie expenditure was approximated using these predefined
categories, they expressed skepticism about accuracy. This led
to varying strategies—some participants attempted to fit all
their activities into 1 of the 4 wheelchair-specific categories to
achieve more reliable calorie estimates, whereas others discarded
calorie tracking entirely and used the watch in nonwheelchair
mode to access a broader range of features.

Previous work on trust in self-tracking technology has revealed
that users often have a mental model of how apps or devices
work and calculate data [55]. Trust in self-tracking technologies,
particularly in the context of wheelchair users with SCI, hinges
significantly on the transparency of how data are collected,
processed, and presented. Participants in our study exhibited a
nuanced understanding of their devices, often forming mental
models to rationalize the data’s validity. However, the perceived
“black box” nature of calorie calculations—whether on the
Apple Watch or Runkeeper—fostered skepticism. This
reinforces previous findings that transparency regarding
algorithms and data processing is critical for trust [56]. On the
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basis of this, we suggest that designers prioritize user education
by including detailed explanations of their algorithms, especially
when adapting generic metrics such as calorie burn for niche
user groups, such as wheelchair users. This aligns with broader
calls [57,58] for designing technologies that foster informed
trust.

Furthermore, trust in technology is not isolated from social
factors [59]. Apple Watch users’ trust was partially rooted in
social recommendations and previous brand experiences. This
suggests that trust may extend beyond technical accuracy to
include the brand’s perceived reliability and commitment to
inclusion. Investigating the interplay between social networks,
brand trust, and technology adoption among wheelchair users
could provide further insights into how collective validation
influences individual trust decisions.

Distrust in calorie tracking was not merely technical but also
emotional, linked to fears of inaccuracy impacting critical life
decisions (eg, managing weight to maintain mobility). This
illustrates that trust is not just a cognitive process but a deeply
affective one. Incorporating participatory design with wheelchair
users at every stage of the design and development
process—testing, iteration, and after launch—can mitigate such
emotional concerns. By co-designing solutions, developers can
address both the technical and psychological dimensions of
trust.

We observed how distrust often led participants to bypass calorie
metrics altogether, choosing instead to focus on other variables
or manual methods. This self-empowerment reflects resilience
but also signals a failure of the technology to deliver on its
promise. Therefore, tools must enhance user agency by aligning
design goals with real-world constraints and expectations.

Finally, we observed a mismatch between representation and
actual design. Runkeeper users appreciated the app’s reliance
on GPS and speed data, which they found straightforward and
comprehensible. However, despite this, they distrusted the app’s
calorie calculations even when using its wheelchair mode and
described feeling misled by its implied inclusivity. The use of
wheelchair symbols created an initial perception of inclusivity
but, ultimately, resulted in feelings of deception among
participants due to inaccurate calorie calculations. This reflects
a broader issue in which symbols and icons signaling
accessibility and inclusiveness are in fact merely superficial.
Misrepresentations such as these can diminish trust but also risk
alienating the very communities that the technologies claim to
support. Implications such as these are discussed further in the
next section.

Implications for Commercial Self-Tracking Technology
for Wheelchair Users With SCI
The most important need and valuable variable for our
participants (subtheme: calorie tracking), and of the participants
of previous research with wheelchair users, was the accuracy
of calorie consumption [6,39,60]. Previous research [6,39,60]
and our participants indicated that commercial fitness and
wellness technology that uses the wheelchair symbol does not
necessarily calculate accurately the calories burned by
wheelchair users (subtheme: trust in self-tracking technologies).

Research [6,39,60] also indicates that specific technology for
wheelchair users needs to be developed, personalized, and
tailored to their needs, which underlines the importance of
tailoring mainstream self-tracking technology to the user group
that it intends to include [61]. Furthermore, there is extensive
research on wheelchair user–specific technology for
self-tracking health and well-being [27,28,54], as well as
exploring current technology with wheelchair users to inspire
designs of wheelchair user–specific fitness and wellness
technology [5]. Even though a big part of the aforementioned
literature focuses on assistive technology or technology
specifically for wheelchair users, mainstream self-tracking
technology that aims to be inclusive toward wheelchair users
can take advantage of what assistive technology research can
offer (eg, databases and artificial intelligence models) [30,31],
as well as what the medical field offers, which already has some
physical activity guidelines for wheelchair users [14,32,34,62].

On the other hand, the production of new wheelchair-specific
self-tracking technology (which is not assistive technology)
divides the market into wheelchair users and non–wheelchair
users. Recent research [41] indicates that, by excluding specific
populations from the development of commercial products, the
incorporation of accessibility requirements into general
consumer products comes to a halt. In addition, special
technology could cost more as it targets a specific population.
Regarding wheelchair users, special technology may not be a
financially viable solution as they have a higher risk of financial
issues [42]. Working with affordable materials to create new
technology for a specific population can also lead to them not
using it because it could be stigmatizing [63]. From 2025
onward, digital services and products in the EU market should
be accessible according to the EAA [10,49]. Our findings show
that the self-tracking technology currently in the market is not
prepared to be accessible to wheelchair users with SCI. This
technology is not trusted when it comes to calorie calculation.
Our participants described how they used proxy variables to
estimate their calorie consumption and activity level. They
expressed the need for a self-tracking technology that accurately
calculates their calorie intake and burn during a variety of
activities. Many of the issues with self-tracking technology that
uses the wheelchair symbol can be solved by involving
wheelchair users in the design and development phase. This
involvement will make the technology more relevant to the
people it aims to include (ie, wheelchair users) and open the
market to broader audiences [64-66].

On the basis of the literature presented in this paper and our
findings, we see a need for future research and development
regarding inclusive self-tracking technology for wheelchair
users with SCI supported and inspired by assistive technology
literature.

First, there is a need to explore ways to make affordable
technology already used by wheelchair users closer to their
needs and make it more accurate regarding calorie burn (ie,
track a variety of activities and calorie intake). Our study can
be seen as a starting point for this exploration of commercial
fitness self-tracking technology and its use by wheelchair users
with SCI, complementing previous literature on similar subjects
[5-7,11].
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Second, we argue that there is a need to confront and
acknowledge the limitations of the methods used to conduct
similar research and alternate them for the research and practice
to be more inclusive. According to Kabir et al [40], data
collection and design methods may be inaccessible to some
populations, leading researchers to exclude them as they
perceive them as “difficult to reach and research.” Instead, they
suggest having a palette of methods and adjusting them based
on the participants’ abilities [40]. Similarly, Moon et al [37]
provide a comprehensive toolbox for more inclusive user
research when designing with wheelchair users in mind. In
addition, Li et al [30] and Huang et al [31] provide freely
available concrete tools (ie, databases and code) for developing
an inclusive self-tracking technology to be used by anyone
wanting to make self-tracking technology more inclusive.

Third, regardless of all the support that this paper and the
literature provide, the inclusion of wheelchair users as an
integral part of the design process of the self-tracking technology
targeting this demographic should be seen as mandatory for the

product to be relevant to the new audience (ie, wheelchair users)
[65,66].

Future Research
Our next steps are a series of participatory workshops in which
we—together with people with SCI and the support of the SCI
center we partnered with—identify further tracking needs and
co-design a first version of an app that could support them in
learning about their new body in different stages of their
postinjury phase. In the workshops, we plan to include the
physiotherapist who cooperates with us to include the health
care perspective without compromising the power balance. His
participation will also create an environment in which the
participants can learn more about SCI and how the health care
system perceives SCI and them as patients. To create a link for
the communication between health care professionals and people
with SCI, we will use the connections of our partner at
Karolinska Institute to investigate the needs of health care
professionals (ie, which of the data tracked by people with SCI
are relevant to the health care professionals and in what form
to fit their practice when consulting with their patients).
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Abstract

Background: Digital health competence is increasingly recognized as a core competence for health care professionals. A
comprehensive evaluation of knowledge, skills, performance, values, and attitudes necessary to adapt to evolving digital health
technologies is essential. DigiHealthCom (Digital Health Competence) is a well-established instrument designed to assess digital
health competence across diverse health care professionals.

Objective: This study aimed to translate and culturally adapt DigiHealthCom into simplified Chinese (Mandarin) and verify
its reliability and validity in assessing digital health competence of Chinese health care professionals.

Methods: DigiHealthCom was translated into Chinese following the guideline proposed by its original developers. The cultural
adaptation involved expert review and cognitive interviewing. Internal consistency, test-retest reliability, content validity,
convergent validity, discriminant validity, and factor structure were examined. Item analysis tested item discrimination, item
correlation, and item homogeneity. Internal consistency was assessed using Cronbach α, and test-retest reliability was measured
using the intraclass correlation coefficient. Content validity was assessed through both item and scale content validity indices.
Convergent validity was measured by the Average Variance Extracted and Composite Reliability, while discriminant validity
was measured by the heterotrait-monotrait ratio. A five-dimension model of DigiHealthCom was confirmed using confirmatory
factor analysis.

Results: The finalized Chinese version of the DigiHealthCom was completed after addressing differences between the
back-translations and the original version. No discrepancies affecting item clarity were reported during cognitive interviewing.
The validation process involved 398 eligible health care professionals from 36 cities across 15 provinces in China, with 43
participants undergoing a retest after a 2-week interval. Critical ratio values (range 16.05‐23.77, P<.001), item-total correlation
coefficients (range 0.69‐0.89), and Cronbach α if the item deleted (range 0.91‐0.96) indicated satisfactory item discrimination,
item correlation, and item homogeneity. Cronbach α for dimensions and the scale ranged from 0.94 to 0.98, indicating good
internal consistency. The intraclass correlation coefficient was 0.90 (95% CI 0.81‐0.95), indicating good test-retest reliability.
Item content validity index ranged from 0.82 to 1.00, and the scale content validity index was 0.97, indicating satisfactory content
validity. Convergent validity (average variance extracted: 0.60‐0.79; composite reliability: 0.94‐0.95) and divergent validity
(heterotrait-monotrait ratio: 0.72‐0.89) were satisfactory. Confirmatory factor analysis confirmed a well-fit five-dimension
model (robust chi-square to df ratio=3.10, comparative fit index=0.91, Tucker-Lewis index=0.90, incremental fit index=0.91,
root-mean-square error of approximation=0.07, standardized root-mean-square residual=0.05), with each item having a factor
loading exceeding 0.40.

Conclusions: The Chinese version of DigiHealthCom has been proved to be reliable and valid. It is now available for assessing
digital health competence among Chinese health care professionals. This assessment can be used to guide health care policy
makers and educators in designing comprehensive and implementable educational programs and interventions.

(JMIR Hum Factors 2025;12:e65373)   doi:10.2196/65373
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Introduction

The World Health Organization (WHO) defines digital health
as the field that involves the development and use of digital
technologies to improve health outcomes [1]. In 2019, the WHO
released the world’s first guidelines for digital health
interventions, outlining 10 ways to use digital health
technologies to enhance health and primary services [2]. This
concept extends beyond eHealth to include a wide array of smart
devices and connected equipment, encompassing digital
technologies such as the Internet of Things, big data, artificial
intelligence, and robotics [2]. The release of these guidelines
was followed by the Global Strategy for Digital Health
(2020‐2025), which emphasizes prioritized digital health
strategies for global health care development [1]. China has
incorporated measures for the development of a digitally healthy
nation in the 14th Five-Year Plan [3]. With the global market
projected to grow from US $211 billion in 2022 to US $809.2
billion by 2030 [4], digital health care is recognized as a rapidly
expanding sector. Digital health has emerged as a significant
trend in the evolution of global health care services. The digital
transformation that the health care sector is currently undergoing
is redefining the roles and responsibilities of health care
professionals [5,6], creating an urgent need for digital health
competence among them.

Given increasing prominence of digital health in global health
care landscape, it is critical for health care professionals to
possess sufficient digital health competence. Digital health
competence is increasingly recognized as one of the core
competencies for health care professionals, which would enable
them to design and evaluate the impact of digital solutions on
patient care and determine the best way to implement digital
solutions in their work [7,8]. Although patients are becoming
more accepting of and motivated to use digital health care
services and tools, health care professionals face a digital skills
shortage that impedes the adoption of digital solutions [9-11].
Inadequate digital health competence may lead to negative
experiences and frustration with technology adoption among
these professionals [12]. There is a strong association between
health care professionals’ digital health competence and their
willingness to use such tools [13,14]. Studies have highlighted
that the acceptance of digital health technologies by health care
professionals significantly influences the adoption of digital
solutions and emphasizes the critical role of digital health
competence in ensuring patient safety [12,14]. Therefore,
assessing digital health competence is essential to effectively
providing digital health care solutions to the public.

Previous studies have attempted to explore digital health
competence among health care professionals but have struggled
to define it comprehensively due to the evolving nature of digital
technologies [15]. Existing assessment tools primarily focus on
informatics competence, digital health literacy, or skills related
to the application of digital technologies. Examples include the
Digital Health Literacy Instrument (DHLI, 2017) [16], the
eHealth literacy questionnaire (eHLQ, 2018) [17], and the
Nursing Digital Application Skill Scale (NDASS, 2024) [3].
The eHLQ is designed for eHealth user, especially individuals
with low digital health literacy and those with chronic conditions

[17]. The NDASS targets nurses’ digital application skills in
clinical settings [3]. Digital health literacy reflects users’
knowledge and skills within their cultural, social, and
institutional context [17]. Competence entails an integrative
understanding of the knowledge, skills, performance, values,
and attitudes essential for the effective execution of a given task
[18]. Therefore, it is crucial to comprehensively evaluate the
knowledge, skills, performance, and attitudes required for
various health care professionals to adapt to the evolving digital
health technologies.

Developed and validated among Finnish health care
professionals in 2022, the DigiHealthCom (Digital Health
Competence) instrument offers a more comprehensive scope
than existing tools and is applicable to a wide range of health
care professionals. In addition to assessing competence in using
digital solutions and information and communication technology
(ICT), it also explores previously unaddressed domains that
reflect future requirements, such as acceptance of digital
solutions, human-centered remote counseling, and ethical
competence concerning digital solutions [19]. Furthermore, the
instrument has been used to explore digital health competence
profiles and associated factors in 817 health care professionals
from 9 organizations in Finland [20]. It has been translated into
15 languages, and a large-scale international cross-sectional
study on the digital health competence of health care
professionals is currently in progress. Our team is part of this
collaborative research effort. This study aimed to culturally
adapt and validate the Chinese version of DigiHealthCom for
Chinese health care professionals.

Methods

Study Design
A cross-sectional study was conducted.

Participants
Participants were recruited between May 2023 and April 2024
via convenience sampling. Recruitment posters with QR codes
were disseminated on social networks specific to health care
professionals. In addition, health care professionals attending
local academic conferences were invited to participate. The
inclusion criteria for participants were (1) employment within
a health care organization and (2) consent to participate. The
exclusion criteria were (1) individuals who were retired or had
less than 1 year of work experience; (2) health care students;
(3) individuals who completed the questionnaire in less than
150 seconds, as this indicated random clicking; or (4) individuals
who displayed erratic response patterns.

According to the thumb rule, the sample size should be 5 to 10
times the number of items. With an anticipated 10% rate of
invalid responses, a minimum of 231 samples was necessary.
Finally, a total of 398 cases were included in the study. To assess
the test-retest reliability of the instrument, 43 participants who
provided contact information completed the questionnaire again
after a 2-week interval.
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Instrument
The DigiHealthCom instrument comprises 5 domains,
comprising a total of 42 items—competence in human-centered
remote counseling (16 items), digital solutions as part of work
(9 items), competence in ICT (5 items), competence in using
and evaluating digital solutions (8 items), and ethical
competence related to digital solutions (4 items). Each item was
rated on a 4-point Likert scale (1=completely disagree,
2=partially disagree, 3=partially agree, and 4=completely agree).
For each domain, a mean value of ≤2.49 indicated low
competence, 2.50‐3.49 indicated intermediate competence,

and ≥3.50 indicated high competence [20]. DigiHealthCom has
been validated among health care professionals across tertiary,
primary, and private health care settings (n=817), demonstrating
satisfactory internal consistency (Cronbach α=0.80‐0.97) and
content validity (item content validity index [I-CVI]:
0.77‐1.00; S-CVI/Ave: 0.94) [19].

Translation and Cross-Cultural Adaptation
To ensure a high-quality Chinese translation of DigiHealthCom,
a rigorous translation and cross-cultural adaptation process was
followed [21]. Figure 1 illustrates the translation and
cross-cultural adaptation process.

Figure 1. The translation and cross-cultural adaptation process of developing the Chinese version of the DigiHealthCom (Digital Health Competence)
instrument.

Forward and Backward Translation
In total, 2 bilingual nursing professionals, who are native
Chinese speakers (a nursing expert and a nursing graduate
student), independently translated the English version of
DigiHealthCom into Chinese, resulting in 2 forward translations
(T1 and T2). A consensus panel reviewed these translations for
conceptual equivalence, clarity, and comprehensibility,
producing a reconciled version (T3). Subsequently, the T3
version was back-translated into English by a professional
translator and a PhD student unfamiliar with the original version,
both knowledgeable about Chinese and English-speaking
cultures. The consensus panel reviewed and resolved
discrepancies between the back-translations and the original
version, finalizing the initial Chinese version. The consensus
panel comprised 2 nursing researchers experienced in scale
development and a linguistic expert.

Expert Review
To assess the content validity of the Chinese version of
DigiHealthCom, 11 experts were invited to evaluate the
relevance of its dimensions and items using a 4-point ordinal

scale (1 [not relevant], 2 [weakly relevant], 3 [strongly relevant],
and 4 [very relevant]). The expert panel consisted of 9 health
care specialists and 2 IT experts. In addition, expert evaluated
the comprehensibility of the items. The consensus panel, initially
involved in the translation process, conducted a detailed
discussion to resolve any potential discrepancies.

Cognitive Interviewing
Cognitive interviewing was used to evaluate the clarity and
cultural suitability of the initial Chinese version. A total of 7
native Chinese speakers, including 2 doctors, 4 nurses, and 1
IT technician, were recruited. Participants were briefed on the
study’s objectives and methods before interviews, and their
consent was obtained.

The first author, trained in qualitative research methods,
conducted the interviews in a meeting room. Participants
completed the Chinese version of DigiHealthCom independently
and engaged in cognitive interviews. Interviewers evaluated
whether participants found the items relevant to their condition
and if they encountered any understanding difficulties. Field
notes were taken. Modifications were deemed necessary if at
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least 1 participant (1) found an item difficult to understand, (2)
demonstrated mostly or completely inaccurate comprehension
of an item, or (3) provided feedback indicating the need for
improvements, especially regarding cultural relevance. The
consensus panel determined whether to retain or alter item
wording following expert review and cognitive interviewing.
Discrepancies affecting item clarity were resolved to create the
pretest version of the Chinese DigiHealthCom version. Specific
item modifications were detailed in Table S1 in Multimedia
Appendix 1.

Pilot Study
A pilot study was conducted with 39 health care professionals
from a general hospital in Guangzhou, China. The pilot study
confirmed that no further modifications were required. The final
Chinese version of DigiHealthCom consists of 5 dimensions
and 42 items.

Data Collection
Data were collected using the Wen Juan Xing (a Chinese web
questionnaire platform) [22]. Respondents accessed the
questionnaire by scanning a QR code or clicking a link, with 1
response allowed per IP address to prevent duplicates. The
questionnaire platform performed completeness checks before
submission. The Chinese version of DigiHealthCom was
presented alongside a sociodemographic questionnaire. The
questionnaire consisted of 2 pages and 73 items. Sex, age,
education, service area, professional license, work experience,
type of organization, and frequency of patient work were
collected. Participants who voluntarily chose to provide contact
information participated in a retest after a 2-week interval. An
introduction outlined the study’s purpose and provided
questionnaire instructions.

Statistical Analysis
Item analysis was used to evaluate item discrimination, item
correlation, and item homogeneity. For item discrimination,
respondents were classified into high-score (top 27%) and
low-score (bottom 27%) groups based on their total scores. An
independent t test determined whether each item could
significantly distinguish between these groups. Items with a
critical ratio (|t|) less than 3.0 were considered for exclusion
[23]. In addition, item homogeneity and item correlation were
tested using Cronbach α if the item was deleted and corrected
item-total correlation coefficient. Items with a corrected
item-total correlation coefficient below 0.40 were considered
for exclusion [23]. Cronbach α and Intraclass correlation
coefficient (ICC) were used to assess the internal consistency
and test-retest reliability of the instrument. A Cronbach α≥0.70
indicated good internal consistency, while ICC>0.70 indicated
good time stability [23]. The I-CVI and the Scale CVI/Average
(S-CVI/Ave) were used to evaluate content validity of the
instrument. I-CVI≥0.78 and S-CVI/Ave≥0.90 indicate
satisfactory content validity [24].

Construct validity was evaluated using confirmatory factor

analysis (CFA) with a robust chi-square to df ratio (χ2/df) less
than 3, Tucker-Lewis Index (TLI), Incremental Fit Index (IFI),
and Comparative Fit Index (CFI) greater than 0.90, and

root-mean-square error of approximation (RMSEA) and
standardized root-mean-square residual (SRMR) less than 0.08,
indicating an acceptable data-model fit [25]. The average
variance extracted (AVE) and composite reliability (CR) were
used to assess convergent validity, with AVE greater than 0.50
and CR greater than 0.70 indicating good convergent validity
[26]. Discriminant validity was performed using the
heterotrait-monotrait ratio (HTMT), with a correlation matrix
value <0.90 considered good [26].

Furthermore, participants were divided into 2 groups based on
geographic location for the sensitivity analysis. The
DigiHealthCom scores were compared to evaluate potential
selection bias. The absence of a significant difference in digital
health competence between the groups indicates that selection
bias is unlikely in the study sample. Statistical analysis was
conducted using IBM SPSS (version 27.0), IBM AMOS (version
29.0), and Smart PLS (Version 4.1.0.0; GmbH Corp). A P value
of less than .05 was considered statistically significant.

Ethical Considerations
Ethical approval was obtained from the Ethical Committee at
Nanfang Hospital, Southern Medical University, China
(NFEC-2023‐165). This research adhered to the principals of
the Declaration of Helsinki. All participants provided informed
consent and voluntarily completed the web questionnaire.
Participants had the option to skip questions, review, and delete
their responses. Participants had the right to withdraw from the
survey at any time. Those who completed it received a random
monetary reward ranging from CNY 2 to 5 (US $0.28 to 0.69).
Participants’ rights and researcher’s contact information were
provided on the first page of the web survey. Minimal
sociodemographic was collected to maintain ethical standards.
Participant information was kept confidential and anonymous.
The CHERRIES (Checklist for Reporting Results of Internet
E-Surveys; Checklist 1) was used to enhance the transparency
of the study [27].

Results

Characteristics of the Participants
Initially, 431 participants were recruited for this study.
Furthermore, 33 participants were subsequently excluded due
to not meeting the inclusion criteria (n=7), having less than 1
year work experience (n=4), completing the questionnaire in
under 150 seconds (n=2), and exhibiting erratic response patterns
(n=20). Finally, 398 eligible health care professionals were
included. Figure 2 illustrates the participant enrollment
flowchart. The participants enrolled from 36 cities across 15
provinces, as identified by IP addresses. Among the participants,
249 (62.6%) were recruited from Guangzhou, a megacity in
Guangdong province that contains 6125 registered medical
facilities. As shown in Table 1, 364 (91.5%) participants were
female, 386 (97%) worked in health care services, and 357
(89.7%) were nurses. The participants had an average of 13.7
(SD 9.4) years of work experience, with 281 (70.6%) working
directly with patients for at least 5 days per week. Participant
characteristics are summarized in Table 1.
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Figure 2. The flowchart for the enrollment process of health care professionals.
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Table . Demographic characteristics of the participants (N=398).

ValueVariables

Sex, n (%)

364 (91.5)Female

34 (8.5)Male

36.1 (8.8)Age (years), mean (SD)

Education, n (%)

58 (14.6)Junior vocational qualification

273 (68.6)Bachelor’s degree

53 (13.3)Master’s degree

14 (3.5)Doctoral degree

Service area, n (%)

386 (97)Health care service

4 (1)Social service

7 (1.8)Rehabilitation service

1 (0.3)Others

Location, n (%)

351 (88.2)Southern China

47 (11.8)Northern and Western China

Type of organization, n (%)

248 (62.3)Tertiary hospital

36 (9)Secondary hospital

76 (19.1)Community health care center

Professional license, n (%)

357 (89.7)Nurse

24 (6)Doctor

10 (2.5)Midwife

7 (1.8)Othersa

13.7 (9.4)Working experience (years), mean (SD)

Patient work, n (%)

281 (70.6)Daily (at least 5 days a week)

62 (15.6)Weekly (1-4 days per week)

17 (4.3)Monthly (a few times a month)

23 (5.8)Rarely (a few times in several months)

15 (3.8)I do not currently work with patient

398 (100)Full-time, n (%)

aIncluding physiotherapist, paramedical technician, and pharmacist.

Results of Item Analysis
Item analysis showed a significant difference between high-score
and low-score groups. The critical ratio values for all items were

above 3.0 (range 16.05‐23.77, P<.001; Table 2), indicating
excellent item discrimination. All corrected item-total correlation
coefficients exceeded 0.4 (Table 2). The Cronbach α if the item
deleted (range 0.91‐0.96) were acceptable (Table 2).
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Table . Item analysis and content validity of the 42 items in the DigiHealthCom (Digital Health Competence; N=398).

I-CVIcCIDbCITCaCritical ratioItem

10.960.6916.05RC1d

10.960.7017.27RC2

10.960.7117.29RC3

10.960.7719.43RC4

10.960.7717.10RC5

10.960.7920.34RC6

10.960.8019.90RC7

0.820.960.7922.99RC8

10.960.7619.33RC9

10.960.8121.91RC10

10.960.7619.26RC11

0.910.960.8020.84RC12

10.960.8019.89RC13

10.960.7420.80RC14

0.910.960.7319.02RC15

0.910.960.7518.71RC16

10.960.7721.53DS1e

10.950.8120.63DS2

10.950.8419.82DS3

10.950.8621.53DS4

0.910.950.8922.19DS5

10.950.8622.00DS6

0.910.950.8722.57DS7

0.910.960.7120.62DS8

0.910.950.8123.77DS9

10.920.8420.62ICT1f

10.910.8818.64ICT2

10.910.8822.03ICT3

10.930.8118.67ICT4

0.820.940.7518.88ICT5

10.950.8220.48UE1g

10.950.8221.89UE2

10.950.8423.04UE3

0.910.950.8722.25UE4

10.950.8321.33UE5

0.910.950.7818.19UE6

0.910.950.8723.55UE7

10.950.8220.52UE8

10.920.8421.40EC1h

0.910.930.8120.79EC2

10.910.8920.48EC3

JMIR Hum Factors 2025 | vol. 12 | e65373 | p.649https://humanfactors.jmir.org/2025/1/e65373
(page number not for citation purposes)

Gao et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


I-CVIcCIDbCITCaCritical ratioItem

10.910.8621.44EC4

aCITC: corrected item-total correlation.
bCID: Cronbach α if item deleted.
cI-CVI: item content validity index.
dRC: human-centered remote counseling competence.
eDS: digital solutions as part of work.
fICT: information and communication technology competence.
gUE: competence in using and evaluating digital solutions.
hEC: ethical competence related to digital solution.

Internal Consistency and Test-Retest Reliability
As shown in Table 3, internal consistency (Cronbach
α=0.94‐0.98) and test-retest reliability were good (ICC=0.90;
95% CI 0.81‐0.95).

Table . Internal consistency and test-retest reliability of the Chinese version of the DigiHealthCom (Digital Health Competence).

95% CI of ICCICCa (N=43)Cronbach α (N=398)Dimension

0.63-0.890.800.96RCb

0.81-0.950.900.96DSc

0.62-0.890.790.94ICTd

0.63-0.890.800.96UEe

0.65-0.900.810.94ECf

0.81-0.950.900.98Total

aICC: intraclass correlation coefficient.
bRC: human-centered remote counseling competence.
cDS: digital solutions as part of work.
dICT: information and communication technology competence.
eUE: competence in using and evaluating digital solutions.
fEC: ethical competence related to digital solutions.

Content Validity
To test content validity, 11 experts evaluated the relevance of
the items. The S-CVI/Ave for the instrument was 0.97, and the
I-CVI ranged from 0.82 to 1.00 (Table 2), indicating satisfactory
content validity.

Construct Validity
As illustrated in Figure 3, the results of CFA supported the
5-factors structure (digital solutions as part of work; ethical
competence related to digital solutions; ICT competence;

human-centered remote counselling competence; competence
in using and evaluating digital solutions). The indices, including

χ2/df (3.10), CFI (0.91), TLI (0.90), IFI (0.91), RMSEA (0.07),
and SRMR (0.05), indicated an acceptable model fit. The factor
loadings of items ranged from 0.69 to 0.93 (Figure 3). The AVE
values for each dimension exceeded 0.50 (range: 0.60‐0.79),
with the CR values >0.70 (range: 0.94‐0.95), indicating
excellent convergent validity. The HTMT values within the
matrix were less than 0.90 (range: 0.72‐0.89), indicating good
divergent validity. These results collectively demonstrated
satisfactory construct validity of the instrument.
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Figure 3. The confirmatory factor model of the Chinese version of the DigiHealthCom (Digital Health Competence; N=398). DS: digital solutions as
part of work; EC: ethical competence related to digital solutions; ICT: information and communication technology competence; RC: human-centered
remote counselling competence; UE: competence in using and evaluating digital solutions.

Sensitivity Analysis
Participants were divided into 2 groups based on geographic
location: Southern China and Northern and Western China. The
DigiHealthCom scores were compared to evaluate potential
selection bias. As illustrated in Table S3 in Multimedia
Appendix 2, no significant difference was found in
DigiHealthCom scores between the 2 groups (P>.05), indicating
that selection bias is unlikely in the study sample.

Discussion

Principal Findings
In this study, we translated and culturally adapted the
DigiHealthCom instrument into Chinese and assessed its
reliability and validity among Chinese health care professionals.
The Chinese version of DigiHealthCom demonstrated
satisfactory internal consistency, test-retest reliability, content
validity, and construct validity. To our knowledge, this study
represents the first effort to validate a comprehensive Chinese
tool for measuring digital health competence among health care
professionals.

In this study, each item of the Chinese version of
DigiHealthCom was translated and back-translated strictly
following the dual direct-to-back translation model [21] to
ensure alignment in semantic, conceptual, and content with the

original English version. And then, we conducted expert review
involving 11 experts in nursing and IT to examine content
validity of the Chinese version. High content validity indices
imply that the instrument provides a broad enough range of
content to allow conclusions about the targeted construct. We
also conducted cognitive interviewing and a pilot study to ensure
its clarity and comprehensibility [28]. Issues related to semantic
validation and understanding identified in the initial Chinese
version were addressed after receiving feedback from the expert
review and cognitive interviewing, leading to improvements
such as clarifying complex terms and vague definitions. Item
analysis revealed good differentiation and high correlations
between the items in this study. Furthermore, this instrument
underwent rigorous testing for internal consistency, test-retest
reliability, and construct validity, exhibiting excellent internal
consistency, time stability, and construct validity, resonating
with the original study [19]. The types of reliability and validity
assessed in this study represent essential psychometric properties
for a measurement instrument.

Discrepancies between existing instruments largely stem from
differing conceptual frameworks. The DHLI measures 7
individual skills: operation, navigation, information searching,
evaluating reliability, determining relevance, adding
self-generated content, and protecting privacy [16]. The eHLQ
comprises 7 dimensions, addressing users’ attributes, their
interaction with technologies, and their experience with systems
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[17]. Our CFA findings confirm a 5-factor structure, consistent
with the exploratory factor analysis findings of the initial study
[19]. Beyond competence in using and evaluating digital
solutions and ICTs, the DigiHealthCom instrument addresses
additional essential domains that were previously unaddressed,
that is acceptance of digital solutions, human-centered remote
counseling, digital interaction skills with patients and
interprofessional teams, and ethical competence related to digital
solutions [19]. Notably, acceptance of digital solutions
significantly influences health care professionals’ adoption of
digital solutions [13,14]. Competence in person-centered remote
consultations is crucial for fostering patient engagement and
improving accessibility to equitable digital health services [8].
Furthermore, proficient digital interaction skills facilitate
effective coordination in digital settings, thereby supporting
decision-making and optimizing treatment plans [8]. As digital
solutions become more prevalent, attention to data privacy and
information security has intensified [29,30]. Ethical competence
related to digital solutions ensures appropriate management of
patient information, fostering trust in digital health technologies
and enhancing the safety of digital health services [20,31]. These
domains provide a unified theoretical framework for
comprehensively measuring digital health competencies among
various professionals [8,9,19], which are essential for delivering
high-quality digital health services to meet future demands.

The Finnish health care system is renowned for its universality,
robust public funding, and centralized digital infrastructure [32].
Regional variations exist in Finland; for example, northern
districts have fewer professionals specializing in remote
counseling and the integration of digital solutions compared
with southern areas [20,33]. Strategies have been implemented
to enhance health care professionals’ digital health competence
and improve education related to health care digitalization,
including technology to support client engagement, digital
services integrated into nursing work, and considerations of
safety and ethics in the digital environment [20,34]. In contrast,
China experiences regional disparities in digital health
infrastructure and access to digital health services, especially
in rural areas, despite the rapid growth of digital health services
[35]. In addition, system compatibility across hospitals remains
an unsolved issue [35]. These factors may influence the
development of digital health competence among health care
professionals. A cross-sectional study conducted in a central
Chinese province reported that 49.9% (1690/3386) of clinical
nurses demonstrate low telehealth readiness [36]. Consequently,
evaluating, addressing, and reducing regional disparities in

health care professionals’ digital health competence is vital for
promoting equity in health care service provision. Validating a
comprehensive digital health competence measurement
instrument for health care professionals is imperative to address
challenges posed by diverse health care environments, such as
China’s. The Chinese version of DigiHealthCom is now ready
for application in a wide range of settings and various health
care professionals. Researchers, educators, health care providers,
and policy makers can use it to evaluate digital health
competence among diverse health care professionals, and
develop digital health training curricula and policies based on
the assessment.

Limitations
This study acknowledges several limitations. First, the primary
participants were nurses. Future research should involve a
broader spectrum of health care professionals. Second, although
recruited from diverse health care institutions, the participants
mainly came from southern China, which may introduce
selection bias due to regional disparities in digital health
infrastructure. To address this, participants were divided into 2
groups (Southern China versus Northern and Western China)
for sensitivity analysis, and their DigiHealthCom scores were
compared. We did not find significant differences in digital
health competence between the 2 groups, indicating that
selection bias is unlikely in the study sample. Future studies
could benefit from employing a stratified sampling method.
Third, the absence of a standardized method for assessing digital
health competence among health care professionals hindered
the evaluation of criterion validity. Assessments of digital health
competence predominantly rely on subjective self-reports, which
might be susceptible to response bias. However, relying
exclusively on performance-based assessments or other objective
measures to evaluate competence also presents challenges.
Therefore, using a more holistic combination of methods could
offer a viable solution. Future research should consider larger
sample sizes and multicenter external evaluations to address
these limitations.

Conclusions
In conclusion, we have successfully translated, culturally
adapted, and validated DigiHealthCom for Chinese health care
professionals. Our findings demonstrate that the Chinese version
of DigiHealthCom is a reliable and valid instrument for
assessing digital health competence among these health care
professionals.
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Abstract

Background: The accuracy of the ICD-10-CM (International Classification of Diseases, Tenth Revision, Clinical Modification)
procedure coding system (PCS) is crucial for generating correct Taiwan diagnosis-related groups (DRGs), as coding errors can
lead to financial losses for hospitals.

Objective: The study aimed to determine the consistency between an artificial intelligence (AI)-assisted coding module and
manual coding, as well as to identify clinical specialties suitable for implementing the developed AI-assisted coding module.

Methods: This study examined the AI-assisted coding module from the perspective of health care professionals. The research
period started in February 2023. The study excluded cases outside of Taiwan DRGs, those with incomplete medical records, and
cases with Taiwan DRG disposals ICD-10 (International Statistical Classification of Diseases, Tenth Revision) PCS. Data
collection was conducted through retrospective medical record review. The AI-assisted module was constructed using a hierarchical
attention network. The verification of the Taiwan DRGs results from the AI-assisted coding model focused on the major diagnostic
categories (MDCs). Statistical computations were conducted using SPSS version 19. Research variables consisted of categorical
variables represented by MDC, and continuous variables were represented by the relative weight of Taiwan DRGs.

Results: A total of 2632 discharge records meeting the research criteria were collected from February to April 2023. In terms
of inferential statistics, κ statistics were used for MDC analysis. The infectious and parasitic diseases MDC, as well as the
respiratory diseases MDC had κ values exceeding 0.8. Clinical inpatient specialties were statistically analyzed using the Wilcoxon
signed rank test. There was not a difference in coding results between the 23 clinical departments, such as the Division of
Cardiology, the Division of Nephrology, and the Department of Urology.

Conclusions: For human coders, with the assistance of the ICD-10-CM AI-assisted coding system, work time is reduced.
Additionally, strengthening knowledge in clinical documentation enables human coders to maximize their role. This positions
them to become clinical documentation experts, preparing them for further career development. Future research will apply the
same method to validate the ICD-10 AI-assisted coding module.

(JMIR Hum Factors 2025;12:e59961)   doi:10.2196/59961
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Introduction

The International Statistical Classification of Diseases (ICD)
system was set up by the World Health Organization (WHO)
for the purpose of tracking diseases globally. Over the past
several decades, the WHO has made significant changes to both
content and structure. It accompanies a new scientific
understanding of diseases and new structures for organizing
ICD codes to accommodate enhanced use and extensibility [1].
The WHO introduced the ICD in 1948, and it is a universal
language used to categorize diseases or causes of death. The
use of it is attributed to health care–related units in 194 countries
and is generated by professional coders based on discharge
records, with countries adjusting the ICD to their circumstances.
In 2016, Taiwan adopted the international trend of switching
from ICD-9-CM (International Classification of Diseases, Ninth
Revision, Clinical Modification) to ICD-10-CM (International
Classification of Diseases, Tenth Revision, Clinical
Modification) procedure coding system (PCS) for coding
hospital patient diagnoses, procedures, analysis and
reimbursement. The National Health Insurance Administration
(NHIA) under the Ministry of Health and Welfare has adopted
the 2014 edition of ICD-10-CM PCS, with approximately 71,900
diagnosis codes and 78,500 procedure codes.

The use of the ICD-10-CM PCS involves coding and classifying
morbidity data from health records, reimbursement claims, and
administrative databases. Improving health care quality,
monitoring public health, and conducting research are all
benefits of the ICD-10-CM PCS in Taiwan and involves
converting the physician’s discharge diagnosis into ICD-10-CM
codes by following the primary diagnosis selection principle
announced by the NHIA. The diagnosis-related group (DRG)
provides information such as health insurance reimbursement,
relative weight, presence of comorbidities, and complications
for the current hospitalization.

The accuracy of ICD-10-CM PCS coding is crucial for
generating accurate Taiwan DRGs, as coding errors can lead to
financial losses for hospitals [2,3]. According to the coding
principles set forth by the NHIA and the Taiwan Society of
Medical Records Management, coding is based on the inpatient
and emergency room records of patients. In the past, this task
was undertaken by trained and certified clinical coding
professionals (referred to as coding professionals hereafter), but
with the rapid advances of medical technology, the rules of
disease classification have also evolved, and coding
professionals must regularly accumulate relevant training hours
to update their disease classification skills [4].

In recent years, artificial intelligence (AI) and natural language
processing have shown exciting potential in the field of
automatic clinical coding. In 2021, the disease coding scales in
the United States were worth approximately 18 billion US
dollars. Several technology companies in the United States have
developed AI-assisted coding systems, and scholars believe that

interdisciplinary collaboration and feedback from clinical coding
professionals are essential to further refine the modules [5,6].
Research on AI-assisted coding consistently conclude that it
improves quality and reduces error rates while saving costs
[7,8]. AI-assisted ICD-10-CM PCS coding can be considered
as a text classification task within the field of machine learning
[9]. In recent years, studies in the machine learning text
classification field have predominantly proposed using deep
learning–based neural networks [10]. Many research papers
have focused on AI assistance in ICD-10 (International
Statistical Classification of Diseases, Tenth Revision) coding
[11-14], but few have examined the results of coding
implementation from the perspective of disease classification
personnel. The development and validation process of the
AI-assisted coding model requires the involvement and feedback
of clinical coders to enhance accuracy and correctness, aligning
with user needs [15].

In Taiwan, several hospitals have also ventured into the
development of AI-assisted coding for disease classification.
However, due to variations in physicians’ documentation of
medical records across different hospitals, the AI-assisted coding
systems developed are not universally applicable [11],
necessitating the development and validation of customized
AI-assisted coding systems. Medical coding personnel must
review the discharge records meticulously and then translate
the discharge diagnoses and procedures (interventions) recorded
in the medical records into ICD-10 codes. In the past, the most
significant factor contributing to coding errors was handwritten
medical records by physicians, which were difficult to decipher
or included abbreviations, leading to mistakes [16]. In recent
years, most medical centers in Taiwan have adopted electronic
health records, resulting in a significant reduction in coding
errors caused by handwritten records. Clinical coding personnel
also encounter various pressures, including the need to
accomplish all inpatient coding tasks within specified deadlines,
optimize Taiwan DRGs assignment coding, enhance and
maintain coding reliability and validity, and engage in
discussions with clinical physicians regarding the content of
medical record writing.

Recently, the global trend in AI coding has been on the rise
[11,13,17-19]. In this study, we have developed an exclusive
ICD-10-CM AI-assisted coding module. Coding professionals
took part in the research and offered suggestions to improve the
efficiency of coding operations. Consequently, this study focuses
primarily on the following two research aims: (1) to verify the
consistency between the AI-assistant coding module and a
coding professional in encoding, based on the MDC results in
Taiwan DRGs and (2) to find the clinical departments within
the medical center that can benefit from using the developed
AI-assisted coding module.
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Methods

Data Description
This study used a total of 136,841 unstructured discharge
summaries of patients who were hospitalized, recorded in

Kaohsiung Medical University Chung-Ho Memorial Hospital
from April 1, 2019, to December 31, 2020, as the primary data
source. Textbox 1 displays an example of a discharge summary
from the Kaohsiung Medical University Chung-Ho Memorial
Hospital.

Textbox 1. Example discharge summary.

Chief complaint:

Abdominal pain for 1 day

Impression on admission:

# Sepsis, focus on retroperitoneal abscess

Discharge diagnosis:

# Sepsis, focus on retroperitoneal abscess due to surgical site infection

History on admission:

This time, according to the patient's statement, he suffered from recurrent abdominal dull pain after discharge. The pain was serious by jejunostomy
feeding, and there was no relieving factor. The pain suddenly progressed...

This study verified the AI-assisted coding from the perspective
of coding professionals. Since the AI-assisted coding system
was introduced in the medical center in February 2023, the study
period began in February 2023. The subjects of this study were
selected based on the following exclusion criteria: non–Taiwan
DRGs cases, cases with procedures (ICD-10 PCS) in Taiwan
DRGs, and cases with incomplete medical records. According
to the study conditions, there were approximately 700 to 1000
cases per month. The coding by both the AI-assisted coding
module and coding professionals were based on the electronic
discharge summaries of a certain medical center each month.

Research Design
After each data entry was encoded by the AI-assisted coding
module and verified by a coding professional, it was transmitted
to a certain university’s database. The results of both the
AI-assisted coding and coding professional were compared
using an Excel (Microsoft) file. Following the linkage to the
NHIA’s DRG calculation software, separate datasets for Taiwan
DRGs were obtained for both the AI-assisted coding and coding
personnel, with the consistency of the primary diagnosis coding
between these two groups being examined. In cases of
discrepancies, the medical records were scrutinized again by
the coding professional to determine if the AI-assisted coding
results met the criteria for primary coding as per the coding
professional; the consistency results of the Taiwan DRGs data
for both the AI-assisted coding and coding professional were
adjusted accordingly.

AI-Assisted Coding Construction Process
The AI-assisted ICD-10-CM coding system was developed by
CSL, CHL, and BTS, based on approximately 110,000 discharge
summaries collected from April 1, 2019 to December 31, 2020,
in a medical center. The deidentified summary data were
processed by segmenting sentences and filtering out meaningless
delimiters and prefix symbols (eg, # or "") by using a clinical
natural language processing tool [20]. The data were categorized
into 21 groups based on the first 3 codes of the ICD-10-CM,
and models were built using bidirectional encoder
representations from transformers (BERTs) [21] and hierarchical
attention networks (HANs) [22]. The results favored HANs,
leading to the decision to adopt the HAN module. The precision,
recall, and F1 scores of the developed HAN model were 0.55,
0.82, and 0.66, respectively. For the top 50 most frequent codes,
the F1 score of the developed HAN model was 0.818.

Aside from module modeling, another time-consuming task
was the design of the user interface for the coding professionals,
as it needed to present discharge summaries, laboratory data,
and imaging reports, as well as the ICD-10-CM codes predicted
by the AI-assisted coding module. Coding professionals were
actively involved in providing feedback during the interface
design process. Figure 1 provides an illustration of the designed
user interface, which provided suggestions automatic
ICD-10-CM recommendation and fields for coding professionals
to input the final codes. The developed AI-coding system was
integrated into a medical center’s hospital information systems
in November 2022 and operated in February 2023.
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Figure 1. User interface screenshot.

Ethical Considerations
This study was approved by Kaohsiung Medical University
Ching-Ho Memorial Hospital (institutional review boards
number: KMUHIRB-E(II)-20230214). The institutional review
board approval covered secondary analysis without additional
consent. Data was anonymized or deidentified. There was not
any compensation provided to participants.

Statistical Analysis
The study involved an analysis incorporating descriptive
statistics for exploration, as well as inferential statistics for
investigating MDCs and relative weight. Statistical computations
were conducted using SPSS version 19. Research variables
consisted of categorical variables represented by MDC, and
continuous variables were represented by the relative weight of
Taiwan DRGs.

Results

Distribution of ICD-10 Codes
The distribution of the ICD-10 codes seen in the collected
training dataset is shown in Multimedia Appendix 1. The first
digit of the ICD-10-CM code consisted of English letters, so
the alphabetical characters on the horizontal axis of the log data
were the first digit of the ICD-10-CM code, showing diseases

pertaining to different systems. According to Multimedia
Appendix 1, data starting with codes C, E, and I in ICD-10-CM
had the highest volume, with C representing neoplastic diseases;
E for endocrinal, nutritional, and metabolic diseases; and I for
diseases of the circulatory system. These were the body systems
with the highest learning volumes for the AI-assisted coding
module.

Descriptive Statistics
In the period from February to April 2023, a total of 15,756
discharges were recorded. Excluding cases with interventions,
non–Taiwan DRG cases, and cases with incomplete medical
records, there was a total of 2632 cases. The primary diagnosis
was the key factor in deciding the main disease category, while
secondary diagnoses only affected the distribution of Taiwan
DRGs within the same primary disease category. According to
disease classification rules, the primary diagnosis was based on
the reason for the patient’s admission, but only one disease
could be selected as the primary diagnosis. If multiple diseases
were treated during admission, selecting any one of them as the
primary diagnosis was not considered an error. Therefore, the
coding professional (author ATL) manually examined the
discharged cases’ notes to categorize the output of the
AI-assisted system into one of the following categories. The
results are shown in Table 1.

Table . Frequency distribution and percentage analysis of primary diagnoses.

Month of case, n (%)Variable

April (n=893)March (n=991)February (n=748)

285 (31.9)277 (28)181 (24.2)No primary diagnosis

369 (41.3)477 (48.1)462 (61.8)Incorrect secondary diagnosis with
a primary diagnosis

177 (19.8)181 (18.3)79 (10.6)All correct

62 (7)56 (5.7)26 (3.5)All incorrect
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Operational definitions were as follows:

• No primary diagnosis: in comparison to the coding
professional, a single hospitalization’s predicted diagnosis
codes did not include a primary diagnosis.

• Incorrect secondary diagnosis with a primary diagnosis: in
comparison to the coding professional, a single
hospitalization’s predicted diagnosis codes included a
primary diagnosis, but there was at least 1 error in the
secondary diagnoses.

• All correct: all predicted diagnosis codes for a single
hospitalization perfectly aligned with those given by the
coding professional.

• All incorrect: in comparison to the disease classification
personnel, none of the predicted diagnosis codes in a single
hospitalization were the same.

In Figure 2, we analyzed the agreement of MDC classification
between the AI-assisted coding module and the coding
professional through a heat map analysis. The vertical and
horizontal axes in Figure 2 represent MDCs coded by the
AI-assisted coding module and MDCs coded by coding
professionals, respectively. The intensity of color in the figure
indicated a higher number of agreed MDCs between the
AI-assisted coding module and professionals. As shown in
Figure 2, MDC 1 (diseases and disorders of the nervous system),
MDC 4 (diseases and disorders of the respiratory system), and
MDC 18 (infectious and parasitic diseases and disorders) had
the highest agreements.

Figure 2. MDC heat map analysis between AI-coding module and professionals.

The κ Coefficient Test
Furthermore, we assessed the MDC agreement between the AI
coding module and coding professionals using the κ coefficient
test. The κ values were broadly categorized into 5 groups based
on various levels of agreement: extremely low agreement
(0.00-0.20), fair agreement (0.21-0.40), moderate agreement
(0.41-0.60), high agreement (0.61-0.80), and almost perfect
agreement (0.81-1.0).

When analyzing the cumulative data for February to April 2023
(Table 2), the MDCs with the highest consistency were MDC

4 (diseases and disorders of the respiratory system) and MDC
18 (infectious and parasitic diseases and disorders), followed
by MDC 1 (diseases and disorders of the nervous system), MDC
3 (diseases and disorders of the ear, nose, mouth and throat),
MDC 6 (diseases and disorders of the digestive system), MDC
7 (diseases and disorders of the hepatobiliary system and
pancreas), MDC 9 (diseases and disorders of the skin,
subcutaneous tissue and breast), MDC 11 (diseases and disorders
of the kidney and urinary tract), MDC 13 (diseases and disorders
of the female reproductive system), MDC 15 (newborn and
other neonates), and MDC 16 (diseases and disorders of the
blood and blood forming organs and immunological disorders).
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Table . Kappa tests for aggregation of major diagnostic category in the total counts for February to April 2023 (κ=0.592).

Kappa valueCases coded by human
coders (n=2362), n (%)

AI-assisted case coding
(n=2362), n (%)

Major diagnostic categoryNo.

0.670a509 (19.3)280 (10.6)Diseases and disorders of
the nervous system

1

0.30038 (1.4)9 (0.3)Diseases and disorders of
the eye

2

0.689a132 (5)113 (4.3)Diseases and disorders of
the ear, nose, mouth, and
throat

3

0.845b302 (11.5)309 (11.7)Diseases and disorders of
the respiratory system

4

0.607184 (7)310 (11.8)Diseases and disorders of
the circulatory system

5

0.775a229 (8.7)217 (8.2)Diseases and disorders of
the digestive system

6

0.710a84 (3.2)90 (3.4)Diseases and disorders of
the hepatobiliary system and
pancreas

7

0.57687 (3.3)66 (2.5)Diseases and disorders of
the musculoskeletal system
and connective tissue

8

0.692a116 (4.4)83 (3.2)Diseases and disorders of
the skin, subcutaneous tis-
sue, and breast

9

0.505132 (5)237 (9)Diseases and disorders of
the endocrine, nutritional,
and metabolic systems

10

0.648a120 (4.6)205 (7.8)Diseases and disorders of
the kidney and urinary tract

11

0.3623 (0.1)7 (0.3)Diseases and disorders of
the male reproductive sys-
tem

12

0.749a8 (0.3)8 (0.3)Diseases and disorders of
the female reproductive sys-
tem

13

0.41941 (1.6)11 (0.4)Pregnancy, childbirth and
puerperium

14

0.635a15 (0.6)9 (0.3)Newborn and other neonates
(perinatal period)

15

0.624a57 (2.2)64 (2.4)Diseases and disorders of
the blood and blood forming

16

organs and immunological
disorders

0.3992 (0.1)3 (0.1)Myeloproliferative diseases
and disorders (poorly differ-
entiated neoplasms)

17

0.870b505 (19.2)465 (17.7)Infectious and parasitic dis-
eases and disorders

18

—c0 (0)23 (0.9)Mental diseases and disor-
ders

19

—0 (0)2 (0.1)Alcohol or drug abuse or in-
duced mental disorder

20

0.40421 (0.8)24 (0.9)Injuries, poison, and toxic
effects of drugs

21

—1 (0)0 (0)Burns22
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Kappa valueCases coded by human
coders (n=2362), n (%)

AI-assisted case coding
(n=2362), n (%)

Major diagnostic categoryNo.

0.36642 (1.6)24 (0.9)Factors influencing health
status and other contacts
with health services

23

0.5994 (0.2)6 (0.2)Multiple significant trauma24

—0 (0)2 (0.1)HIV infection25

—0 (0)65 (2.5)None—

aHigh agreement (0.61-0.80).
bAlmost perfect agreement (0.81-1.00).
cKappa value was not calculated when there were 0 cases in a coding group.

Inferential Statistical Analysis: Wilcoxon Signed Rank
Test
The κ coefficient test was used for a broad-scale analysis of
MDCs. However, under the same MDC, it was possible to
further classify the data into numerous Taiwan DRGs, with each
having its own code and relative weight. Even within the same
MDC, this might result in different Taiwan DRGs. Furthermore,
some diseases could be treated across departments. Therefore,
for the statistical analysis of relative weight, we first conducted
a normality analysis of the relative weights obtained from both
AI-assisted coding and coding professionals. The statistical
results based on the Kolmogorov-Smirnov analysis yielded a
significance level of less than .05, showing a nonnormal
distribution. Given that the research sample consisted of paired
data, the nonparametric Wilcoxon signed rank test was used to
analyze whether there were differences in relative weight

between AI-assisted coding and coder-assigned coding; the null
hypothesis assumed that there was no difference in relative
weight between AI-assisted coding and coder-assigned coding.

The Wilcoxon signed rank test, with clinical departments as the
unit of analysis, identified differences in relative weight in the
following 12 departments: Division of Endocrinology and
Metabolism, Division of Hematology and Oncology, Division
of General Internal Medicine, Division of Geriatrics and
Gerontology, Division of Trauma, Division of Neurosurgery,
Division of Cardiovascular Surgery, Division of General and
Digestive Surgery, Division of Pediatric Neurology, Department
of Otorhinolaryngology, Department of Neurology, and
Department of Rehabilitation Medicine. As shown in Table 3,
the overall statistical result with a P value of <.001 showed that
there were still differences between AI-assisted coding and
coder-assigned coding in this study.
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Table . Wilcoxon signed rank test results across various clinical departments (P<.001).

P valueRelative weight (95%CI)Frequency of cases
(n=2632), n (%)

Clinical department

Human codingAIa coding

.120.70 (0.63‐0.77)0.66 (0.58‐0.74)61 (2.3)Division of Gastroenterolo-
gy

.070.74 (0.69‐0.79)0.69 (0.63‐0.75)81 (3.1)Division of Hepatobiliary
and Pancreatic Medicine

.390.72 (0.68‐0.75)0.69 (0.65‐0.73)177 (6.7)Division of Cardiology

.500.90 (0.87‐0.94)0.90 (0.85‐0.93)181 (6.9)Division of Chest Medicine

.910.71 (0.64‐0.78)0.71 (0.65‐0.78)64 (2.4)Division of Nephrology

.030.68 (0.59‐0.77)0.62 (0.54‐0.71)36 (1.4)Division of Endocrinology
and Metabolism

.0060.87 (0.80‐0.94)0.79 (0.69‐0.88)42 (1.6)Division of Hematology and
Oncology

.330.71 (0.64‐0.79)0.68 (0.58‐0.79)36 (1.4)Division of Rheumatology,
Immunology, and Allergolo-
gy

.390.94 (0.90‐0.99)0.91 (0.85‐0.98)78 (3)Division of Infectious Dis-
eases

.0050.73 (0.69‐0.77)0.69 (0.65‐0.73)205 (7.8)Division of General Internal
Medicine

.0030.99 (0.94‐1.04)0.92 (0.85‐0.99)54 (2.1)Division of Geriatrics and
Gerontology

.040.64 (0.46‐0.83)0.43 (0.21‐0.65)16 (0.6)Division of Trauma

<.0010.68 (0.63‐0.73)0.53 (0.48‐0.58)151 (5.7)Division of Neurosurgery

.0020.94 (0.82‐1.06)0.67 (0.54‐0.80)24 (0.9)Division of Cardiovascular
Surgery

.400.60 (0.45‐0.75)0.56 (0.43‐0.69)14 (0.5)Division of Chest Surgery

.280.48 (0.33‐0.63)0.45 (0.31‐0.59)9 (0.3)Division of Pediatric
Surgery

.890.68 (0.44‐0.92)0.64 (0.38‐0.90)9 (0.3)Division of Plastic Surgery

.160.59 (0.52‐0.66)0.54 (0.45‐0.62)46 (1.7)Division of Colorectal
Surgery

.050.62 (0.48‐0.75)0.47 (0.32‐0.62)16 (0.6)Division of Breast Oncology
and Surgery

.0090.63 (0.57‐0.68)0.56 (0.49‐0.62)56 (2.1)Division of General and Di-
gestive Surgery

.720.46 (0.40‐0.52)0.47 (0.39‐0.55)60 (2.3)Department of Gynecology
Obstetrics

.440.47 (0.40‐0.55)0.45 (0.38‐0.52)42 (1.6)Division of Pediatric Hema-
tology and Oncology

.240.53 (0.43‐0.63)0.52 (0.37‐0.66)86 (3.3)Division of Pediatric Cardi-
ology and Pulmonology

.0080.45 (0.40‐0.50)0.43 (0.34‐0.52)92 (3.5)Division of Pediatric Neurol-
ogy

.690.81 (0.43‐1.18)0.87 (0.28‐1.47)14 (0.5)Division of Neonatology

.560.39 (0.37‐0.41)0.39 (0.36‐0.41)299 (11.4)Division of General Pedi-
atrics

.320.35 (0.25‐0.46)0.31 (0.17‐0.46)8 (0.3)Division of Pediatric Aller-
gy Immunology
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P valueRelative weight (95%CI)Frequency of cases
(n=2632), n (%)

Clinical department

Human codingAIa coding

.020.51 (0.45‐0.58)0.57 (0.50‐0.63)53 (2)Department of Otorhino-
laryngology

.440.44 (0.36‐0.52)0.42 (0.34‐0.50)12 (0.5)Ophthalmology Department

.160.52 (0.39‐0.65)0.40 (0.25‐0.55)13 (0.5)Department of Orthopaedics

.950.62 (0.55‐0.69)0.63 (0.56‐0.70)46 (1.7)Department of Urology

.180.41 (0.35‐0.46)0.42 (0.37‐0.48)87 (3.3)Department of Dermatology

<.0010.72 (0.69‐0.75)0.66 (0.63‐0.69)366 (13.9)Department of Neurology

.171.00 (0.93‐1.07)0.96 (0.87‐1.04)49 (1.9)Division of Family
Medicine

<.0011.21 (1.14‐1.28)0.85 (0.75‐0.94)47 (1.8)Department of Rehabilita-
tion Medicine

———1 (0)Department of Psychiatry

———1 (0)Division of Oral Maxillofa-
cial Surgery

aAI: artificial intelligence.

Discussion

Principal Results
For clinical coders, it is clear from the MDCs that AI-assisted
coding can serve as a reference for disease systems. However,
hospital administrators may require detailed statistical results
from clinical departments to make judgments. In the individual
clinical department analysis based on the Wilcoxon signed rank
test, the Division of General Internal Medicine, the Department
of Neurology, and the Division of Neurosurgery had the highest
number of cases studied, but the statistical results were

inconsistent with coder-assigned coding. However, in the κ
coefficient test, the statistical results for the nervous system
MDC were highly consistent. This is because patients admitted
to the Department of Neurology and Neurosurgery do not
exclusively have neurological conditions. According to further
analysis shown in Table 4, the AI model’s predictions for
neurological system diseases were still highly consistent with
those of the disease classification staff in the neurology
department. However, respiratory and urinary system conditions
have affected the AI model’s coding performance for neurology
and account for the discrepancies seen in both the Wilcoxon
signed rank test and the κ coefficient test.
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Table . Analysis of major diagnostic category for 366 neurology patients admitted from February to April 2023.

P valueKappa valueCases coded by human
coders (n=366), n (%)

AIb-assisted case cod-
ing (n=366), n (%)

MDCaNo.

<.0010.62289 (79)281 (76.8)Diseases and disorders
of the nervous system

1

<.0010.8418 (4.9)17 (4.6)Diseases and disorders
of the eye

2

<.0010.7720 (5.5)21 (5.7)Diseases and disorders
of the ear, nose, mouth,
and throat

3

.96–0.031 (0.3)1 (0.3)Diseases and disorders
of the respiratory sys-
tem

4

<.0010.5412 (3.3)20 (5.5)Diseases and disorders
of the circulatory sys-
tem

5

<.0011.001 (0.3)1 (0.3)Diseases and disorders
of the digestive system

6

<.0010.568 (2.2)6 (1.6)Diseases and disorders
of the musculoskeletal
system, and connective
tissue

8

<.0011.002 (0.6)2 (0.6)Diseases and disorders
of the skin, subcuta-
neous tissue, and breast

9

<.0010.672 (0.6)1 (0.3)Diseases and disorders
of the endocrine, nutri-
tional, and metabolic
systems

10

<.0010.401 (0.3)4 (1.1)Diseases and disorders
of the kidney and uri-
nary tract

11

——c1 (0.3)0 (0)Pregnancy, childbirth,
and puerperium

14

<.0011.001 (0.3)1 (0.3)Diseases and disorders
of the blood and blood
forming organs and
immunological disor-
ders

16

——1 (0.3)0 (0)Myeloproliferative dis-
eases and disorders
(poorly differentiated
neoplasms)

17

——0 (0)4 (1.1)Infectious and parasitic
diseases and disorders

18

——0 (0)3 (0.8)Mental diseases and
disorders

19

.87–0.059 (2.5)1 (0.3)Factors influencing
health status and other
contacts with health
services

23

——0 (0)3 (0.8)None—

aMDC: major diagnostic category.
bAI: artificial intelligence.
cAnalysis was not performed when there were 0 cases in a coding group.
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In the circulatory system, the statistical results for the Division
of Cardiology and Division of Cardiovascular Surgery in the
Wilcoxon signed rank test were also markedly different. Upon
closer examination of the data from the exploratory study, it
was discovered that in the Division of Cardiovascular Surgery,
half of the cases helped by AI-coding modules did not have the
main diagnosis coded, which could be attributed to differences

in how physicians document medical records. For example,
after carefully reviewing the 24 cases of data collected by the
Cardiac Surgery Department, it was found that 12 Taiwan DRGs
were inconsistent. All of these did not follow the disease
classification coding rules and did not include the main diagnosis
(Table 5).

Table . Discussion on writing medical records in the Division of Cardiovascular Surgery.

Cause analysisExcerpt of discharge diagnosisNumber

The examination results were attached to the
discharge diagnosis, leading to coding confusion.

“Chest tightness for a week Acute heart failure
with reduced ejection fraction * 2023/04/24
Thallium 201 (Stress SPECT (single-photon
emission computed tomography) imaging): mild
myocardial ischemia in inferolateral wall of LV
(left ventricle)”

Case 1

The discharge diagnosis showed coding confu-
sion with previously treated conditions.

“Type A aortic dissection - post TEVAR (Tho-
racic endovascular aneurysm repair)+ stenting
grafts in the ascending to descending aorta, left
common carotid and subcalvian arteries on
2023/02/07 # Suspect gastroparesis related to
relative gastric malperfusion”

Case 2

The anatomical location was not clearly docu-
mented, making correct coding impossible.

“Type B dissection, intramural hemorrhage -
2023/03/10 Chest CT (computed tomography)
angiography:1) Suspect intramural hematoma in
the descending aorta.2) Suspect thrombus forma-
tion in the bilateral femoral arteries.3) Suspect a
thrombosed aneurysm in the right internal iliac
artery”

Case 3

Furthermore, in MDC 14 (pregnancy, childbirth, and
puerperium) and MDC 21 (injuries, poisonings, and toxic effects
of drugs), there are specific coding rules. Clinical coders need
to synthesize the entire medical record information and apply
the coding rules, which could result in diagnoses different from
those presented in the discharge summary.

Limitations
The AI-coding module was trained on inpatient data from April
2019 to December 2020. Advancements in medical care might
lead to variations in the diseases of admitted patients. Taken
together, these show situations where the AI-coding assistance
module might not capture the main diagnosis, as observed in
the Dermatology Department.

Conclusions
With the rapid advancements in global medical technology and
the evolving challenges of diseases, the development of
DRG-based hospital payment systems in various countries is
also meeting significant challenges. Key areas for future research
include determining the flexibility of DRG payments, balancing
payment structures, and aligning with disease management goals
[23]. The Taiwan DRGs system, like those in other countries,
aims to prevent medical institutions from delivering excessive
services and causing unnecessary waste, all while safeguarding
patient rights. It looks to strengthen management mechanisms
to improve the quality and efficiency of care and ensure fair
payments among peers.

In this context, AI-assisted coding emerges as a powerful tool
[24]. A recent study used cross-random control methods to

prove that AI-assisted coding reduces the coding workload [25].
The focuses of our research were the practical applications of
AI models, with two main goals. The first was to investigate
the consistency between the AI-assisted coding module and
coding professionals and the second was to find the departments
suitable for using the AI-assisted coding module. The research
results showed that the highest consistency in MDC
classification was seen in diseases of the respiratory system, as
well as infectious and parasitic diseases. In the analysis of
various inpatient specialties, departments such as the Division
of Cardiology, Division of Nephrology, and Department of
Urology showed no significant difference from coder-assigned
coding results; accordingly, consideration could be given to
integrating the AI-assisted coding module into the hospital
information system, allowing physicians to reference Taiwan
DRGs assignments for hospitalized patients, thus effectively
controlling medical expenses.

However, upon analyzing the entire hospital department,
discrepancies were observed in alignment with disease
categorizations and personnel coding, so the research team is
actively working on continuous improvements. Nevertheless,
AI-assisted coding indeed served as a valuable reference by
reducing human errors, as during the research period, it was
found that the error rate detected by human coders (number of
coding errors by human coders/total cases) was 1.9% (50/2632).
Given the regular updates to the tool book by the Department
of Health and the revisions in coding rules, the coding assistance
module undoubtedly proves to be a powerful tool.
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The development of AI-assisted coding for the ICD-10-CM
PCS is just the beginning for intelligent health care in disease
classification. Many operational aspects of hospitals are closely
related to the ICD-10-CM PCS, including inpatient coding
monitoring, discharge preparation services, and infectious
disease surveillance, among others. For hospital administrators,
the goal of AI-assisted coding is to achieve best operational

revenue. For human coders with the assistance of an ICD-10-CM
AI coding system, work time is reduced. Additionally,
strengthening knowledge in clinical documentation improvement
enables human coders to maximize their role, positioning them
to become documentation experts [15] and preparing them for
further career development.
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Abstract

Background: Language acquisition is a critical developmental milestone, with notable variability during the first 4 years of
life. Developmental language disorder (DLD) often overlaps with other neurodevelopmental disorders or simple language delay
(SLD), making early detection challenging, especially for primary caregivers.

Objective: We aimed to evaluate the effectiveness of the Gades platform, an adaptive screening tool that enables preschool
teachers to identify potential language disorders without direct support from nursery school language therapists (NSLTs).

Methods: The study took place in a nursery school and an early childhood educational and psychopedagogical center in Madrid,
Spain, involving 218 children aged 6 to 36 months, 24 preschool teachers, and 2 NSLTs. Initially, NSLTs conducted informational
sessions to familiarize teachers with DLDs and how to identify them. Following this, the teachers used the Gades platform to
conduct language screenings independently, without ongoing support from NSLTs. The Gades platform was enhanced to collect
detailed profiles of each child and implemented an adaptive screening model tailored to account for variability in language
development. This setup allowed preschool teachers, who are not language experts, to observe and assess language development
effectively in natural, unsupervised educational environments. The study assessed the platform’s utility in guiding teachers through
these observations and its effectiveness in such settings.

Results: Gades identified language difficulties in 19.7% (43/218) of the children, with a higher prevalence in boys (29/218,
13.3%) than in girls (14/218, 6.4%). These challenges were most frequently observed in children aged 15 to 27 months. The
platform demonstrated a high accuracy rate of 97.41%, with evaluators largely agreeing with its recommendations. Teachers also
found Gades to be user friendly and a valuable tool for supporting language development observations in everyday educational
settings.

Conclusions: Gades demonstrates potential as a reliable and accessible tool for early detection of language disorders, empowering
educators to identify DLD and SLD in the absence of NSLTs. However, further refinement of the platform is required to effectively
differentiate between DLD and SLD. By integrating Gades into routine preschool assessments, educators can facilitate timely
interventions, bridging gaps in early childhood education and therapy.

Trial Registration: Pan-African Clinical Trial Registry (PACTR) PACTR202210657553944;
https://pactr.samrc.ac.za/TrialDisplay.aspx?TrialID=24051

(JMIR Hum Factors 2025;12:e60424)   doi:10.2196/60424

KEYWORDS

developmental language disorder; simple language delay; adaptive screening system; early childhood education; pervasive therapy

JMIR Hum Factors 2025 | vol. 12 | e60424 | p.670https://humanfactors.jmir.org/2025/1/e60424
(page number not for citation purposes)

Dolón-Poza et alJMIR HUMAN FACTORS

XSL•FO
RenderX

mailto:s.berrezueta@tum.de
http://dx.doi.org/10.2196/60424
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Screening and Prevalence of Developmental Language
Disorder
Communication plays a fundamental role in children’s cognitive
development. Through communication, children acquire
knowledge, express their thoughts and emotions, develop their
cognitive ability, and establish relationships with others.
Adequate communication development enables them to learn
and participate in various social contexts. Therefore, language
acquisition during childhood is one of the most critical
developmental milestones but with the most substantial
interindividual variability in the first 4 years of life. Children
start consolidating their language learning process from the age
of 4 to 6 years [1-7].

The Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-5), published by the American Psychiatric
Association, introduced a new category known as
neurodevelopmental disorders (NDDs) that groups different
conditions that emerge early in child development before starting
elementary school. These conditions eventually persist
throughout adulthood [8-12].

The NDDs include communication disorders related to language,
speech, and communication impairments. Developmental
language disorder (DLD) is classified as a communication
disorder. Children with DLD experience challenges in the
acquisition and use of language. Language proficiency depends
on receptive and expressive abilities. Therefore, children
diagnosed with DLD encounter difficulties in both domains
[12]. Thus, vocabulary is more limited than expected, and
sentences are shorter and less complex with grammatical errors
or with speech alterations in narration and comprehension or
production of sentences. In addition, they may appear shy or
prefer to communicate only with their family members. Children
with DLD not only have symptomatology in communication
skills but also have difficulties in cognitive and sociocultural
processes [5,13-16].

Moreover, a family history of language disorders is often
present, and DLD occurs with other disorders, such as autism
spectrum disorder and attention-deficit/hyperactivity disorder
(ADHD), in 30% of cases [5,17,18]. This makes early detection
of DLD in these children more challenging for primary care
pediatricians due to the significant comorbidity and similar
symptoms with other NDDs [19].

On the other hand, early detection of DLD can be masked by
misidentifying it as simple language delay (SLD). DLD is a
persistent disorder with a slow rate of improvement and
significant variability. This differentiates it from SLD [1,5,20].
However, this indicator does not allow for early detection of
DLD, as we cannot identify whether the child has a one-off
delay or is showing symptoms of DLD. To differentiate among
them, difficulties must be identified in other areas, such as
semantics, pragmatics, morphosyntax, and phonology [3].
Therefore, language difficulties manifest through the
aforementioned skills that are measurably below what is

expected for age, significantly impacting academic achievement,
work performance, communication, and socialization [8-11].

DLD is diagnosed at the age of 4 years and is usually stable
over time, as interindividual differences in language ability are
reduced [1]. However, there may be warning signs that manifest
themselves earlier. A study carried out by Vall d’Hebron
Hospital Universitari in Barcelona, Spain, highlights a
significant portion of children aged 5 to 17 years who exhibit
clear symptoms of NDDs but have not been previously
diagnosed with DLD [21]. Moreover, communication disorders
are one of the significant NDDs with more prevalence in Spanish
schools (1.05%-3.42%), along with ADHD and learning
disorders [21,22]. Other studies estimated that the population
prevalence of language disorders, without any relation to other
intellectual disabilities, is 7.58% for children aged 4 to 5 years
[17] and 6.4% at the age of 10 years [23]. To summarize, within
a preschool setting of 30 children, it can be anticipated that
about 2 children may exhibit DLD manifestations [17]. In total,
10% of preschool children present difficulties in language
acquisition, of whom 5% to 7% end up being diagnosed with
DLD, and the rest are diagnosed with SLD [5].

Before the detection and diagnosis of DLD, there is a prevention
phase. Here, the nursery school plays a key role, as it is within
this environment that the child spends most of their time and is
involved in different interactions [1]. These interactions
contribute to developing their communicative skills
(communicative intention, nonverbal communication, imitation,
waiting, etc) with peers of a similar age and teachers. Research
has demonstrated a correlation between children with DLD and
their academic performance. In fact, 88% of these children fail
to meet the necessary curricular standards during their first year
of school [14,17]. Hence, there is a pressing need to support
education professionals with enough training and knowledge
to identify early indicators of potential language disorders
[1,24-27].

In the detection phase, the aim is to identify early whether a
child is suspected of having some NDDs. To achieve adequate
detection, tools such as screening forms and questionnaires
allow information to be compared with previously defined risk
indicators [20,28-32]. Some regions, such as Madrid (Spain),
have early childhood educational and psychopedagogical
guidance teams supporting nursery schools’ detection phase.
These teams engage in preventive actions and collaborate to
detect developmental issues during the initial years of a child’s
life. If an educational case is identified, it is referred to the early
intervention centers responsible for the assessment and
intervention phase [33].

The assessment and intervention cover different aspects. During
the assessment phase, it is necessary to analyze the family
environment through interviews with relatives. In addition,
hearing tests should be administered to eliminate potential
associated psychological disorders. Evaluation of
communication, playing with peers, comprehension, language
production, and psychomotor skills are also essential. Finally,
this information is correlated with medical history [6,14,15,20].
The intervention phase for DLD should be multidisciplinary,
involving teachers, occupational therapists, speech therapists,
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and psychologists skilled in children’s language development
techniques [7,24,27,34].

Gades: A Screening Tool for DLD
Gades functions as a clinical decision support system designed
to grant expert knowledge regarding language disorders to
preschool teachers. It offers a screening form to assess the
language acquisition process during the early stages of a child’s
development. Gades allows the implementation of screening
systems in natural environments for the child, thereby embracing
the principles of pervasive therapy [35].

Pervasive or ubiquitous therapy is a therapeutic approach
supervised by professionals that aims to promote engagement
in activities focused on improving the individual’s life within
their natural environment through the support of information
and communication technologies. It aims to be person centered
instead of focusing on a specific clinical pathology. It especially
seeks to identify how a problem impacts and manifests across
various contexts [18,36]. This approach has the same phases of
prevention, detection, assessment, and intervention as normative
therapy. Moreover, using information and communication
technologies ensures consistency and continuity of the
therapeutic process within the person’s natural setting
[32,37-39].

For children’s pervasive therapy, its application extends beyond
the clinical center to environments like the child’s school or
home. Nursery schools are included in these settings. Being
places where children spend much of their time, they are crucial
for the early detection of DLD [24]. During this educational
phase, teachers or educators and specialists in therapeutic
pedagogy, such as nursery school language therapists (NSLTs),
are typically involved. However, many nursery schools lack
NSLTs, and even when they are available, fewer than half of
the children suspected of having a language disorder are referred
to or receive support from these specialists [1,7,17,23,27].

Martín Ruiz et al [35] developed and evaluated a previous
version of Gades. The platform’s cornerstone is a knowledge
base (KB) that includes 106 milestones related to children’s
language acquisition based on age, defined and agreed upon by
language experts. The previous version of this KB covered
children aged 1 month to 72 months [35]. Building upon the
findings of the previous experiment, increased instances of
suspected DLD were identified in children aged 0 to 3 years.

Consequently, in the current experiment, we focus on
prioritizing the implementation of Gades during this
developmental period. To extend this goal, Gades has undergone
modifications and enhancements to its functionalities to gather
additional pertinent information concerning language acquisition
in children. These adaptations include integrating inquiries
specific to the bilingual context of the children and their family
backgrounds and evaluating results from the Gades across
different language areas.

When using Gades, the corresponding milestones, tailored to
the child’s condition, are incorporated into a screening form
through questions that education professionals use to assess a
child’s language development level. The milestones are
categorized into 2 main types: “warning milestones,” which
prompt a reevaluation, and “alarm milestones,” indicating the
need for direct referral to health professionals. Gades’ KB
assesses 4 areas of speech and language development: sensory
reception, speech perception, production, and pragmatic.

After the form adapted to the child is completed, Gades
generates an evaluation result, including a suggestion for action
if deviations from typical child development stages are detected.
Therefore, it provides education professionals with expert
knowledge on language acquisition, enhancing the early
detection of DLD. Furthermore, this screening form acts as a
psychopedagogical report for early intervention health
professionals. Gades can aid in identifying the language
development profile of a child suspected of having DLD through
the assessment of processing-oriented and performance-based
tasks.

Figure 1 depicts the graphical user interface of Gades,
showcasing the evaluation results of consultation for a child
aged 7 months. The platform displays the outcomes of the
screening form, including the posed questions and the teacher’s
responses. Response options include “yes” if the child performs
the specified action, “no” if not, and “do not know/no answer”
for unknown answers. This form is completed based on the
preschool teacher’s observations of the child without direct
interaction. After review, the system recommends that the
assessment be repeated in 2 months, a suggestion that the
overseeing teacher has validated. Gades also features additional
tools for child registration, language evaluation, and user profile
management.
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Figure 1. Gades' evaluation result page for a child aged 7 months. In total, 4 questions were asked based on the child’s age, and the system suggested
repeating the evaluation in 2 months. The preschool teacher concurred with the system’s recommendation.

Goal of This Study
For effective early detection and intervention of DLD, it is
essential to offer sufficient services to these children to minimize
the impact on their social, emotional, and educational
development. Thus, language disorders often require a
multidisciplinary approach among professionals from diverse
fields such as education, speech-language therapy, and medicine
to extend their reach into various settings [17,18,24]. Supporting
training programs and systems for health and education
professionals fosters collaboration. This collaboration facilitates
the creation of adequate evaluation and intervention plans that
meet the diverse needs of individuals with language difficulties,
enhancing the quality of care and inclusivity
[22,26,30,31,38,40].

Within this collaboration, the early detection of warning signs,
which are potential indicators of language disorders in children,
should be an integral part of the daily work of those interacting
with children [1,7]. Supporting early childhood education
professionals is crucial to ensure that they possess adequate
knowledge and tools for preventing and detecting early language
development issues in children aged 0 to 3 years because
behaviors and warning signs related to language disorders can
be identified from the age of 2 years onward [1,3,4,24]. It
facilitates appropriate early diagnosis of DLD or SLD through
subsequent assessment at early intervention centers. Moreover,
given the absence of an NSLT in some schools, preschool
teachers must have access to these resources.

Considering the higher incidence of suspected DLD observed
in children aged 0 to 36 months in the previous experiment

[17,23], this paper aims to emphasize the use of Gades during
this period, targeting kindergarteners aged 6 to 36 months in a
nursery school and an early childhood educational and
psychopedagogical center. Gades has been adapted and
expanded to gather more relevant information on language
acquisition, including questions tailored to bilingual contexts
and family backgrounds. Therefore, our primary goal is to
evaluate Gades’ ability to differentiate between typical and
atypical language development for the target ages with these
minor adjustments.

As the previous experiment consisted of a controlled
environment, this paper also presents the relationship between
preschool teachers and the Gades platform. Specifically, how
Gades serves as a valuable tool for guiding nonexperts, such as
preschool teachers, in conducting language observations.
Therefore, it evaluates Gades’effectiveness in a real setting and
its adherence to clinical criteria without direct supervision or
intervention of language experts or technical staff. A potential
challenge is also associated with integrating these technological
tools into unsupervised educational settings to support
therapeutic interventions [41].

Moreover, this screening process aims to identify the patterns
indicative of a child with problems in language development,
including SLD or DLD. Considering the updated DSM-5 criteria,
language development in children occurs within heterogeneous
and dynamic contexts. Hence, it is imperative to use screening
tools to identify significant patterns and milestones in the
language development of a child with DLD, facilitating early
detection and intervention. To accomplish this, the screening

JMIR Hum Factors 2025 | vol. 12 | e60424 | p.673https://humanfactors.jmir.org/2025/1/e60424
(page number not for citation purposes)

Dolón-Poza et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


tools must be intersectional, considering influential parameters,
such as clinical conditions and the sociocultural and linguistic
environment surrounding the child. Consequently, the final goal
is to outline the framework for an adaptive screening model for
language disorders that reflects the child’s current developmental
and social context. This approach ensures a comprehensive and
nuanced understanding of each child’s unique situation,
enhancing the accuracy and effectiveness of early detection
methods. Therefore, this study hypothesizes that the Gades
platform can effectively support preschool teachers in the early
detection of language development difficulties, including DLD
and SLD, within natural educational settings, achieving high
accuracy rates and providing actionable insights without
requiring direct supervision from language disorder specialists.

Methods

Overview
This study used a prospective observational design to evaluate
the updated Gades platform in real-world educational settings.
The design involved monitoring children aged 6 to 36 months
and their evaluators—preschool teachers and early childhood
educators—over a defined period, collecting data as they
naturally occurred during regular classroom activities. This
approach was selected to ensure that the platform’s performance
could be assessed in authentic, uncontrolled conditions,
reflecting its practical application. By focusing on how educators
integrated Gades into their daily routines, the study aimed to
capture unbiased insights into its usability and effectiveness in
identifying early signs of language development difficulties.

Requirement Analysis
Individuals encounter varied communicative situations involving
diverse entities and methods in everyday life. Current diagnoses
and treatments for various disorders frequently overlook key
characteristics, such as diversity, heterogeneity, and the role of
socialization. The DSM-5 and numerous studies highlight the
necessity to consider interindividual differences in language
acquisition early on. These sources suggest that assessments of
language, speech, and communication should consider
sociocultural aspects, linguistic context (including dialects),
and socioeconomic status, as these aspects directly influence
language development [1,12,16,17,19,21,31,32,42-44].

Bosch et al [21] demonstrated that 1.05% of the participants
had communication disorders, with the most significant factors
being foreign origin, genre, socioeconomic status, and age.
Consequently, the diagnosis of language impairment should
consider the individual’s background, bilingual context, direct
clinical observations in settings such as home or school, and
results of standardized tests to assess the severity of the disorder.

The New Gades Platform
Building on the previous experiment with the Gades platform
[35], we updated it with new technologies and features. These
enhancements enable the collection of additional information
from children to conduct more accurate and suitable assessments
of a child’s language development. This includes gathering
details about the child’s family background, linguistic
environment, and medical history, all of which contribute to a
more comprehensive understanding of each child’s unique
developmental context. Therefore, incorporating these minor
adjustments delineates the structure of an adaptable screening
model that considers the variability in language development.
This methodology guarantees a thorough and nuanced
comprehension of each child’s individual circumstances,
enhancing the precision and efficacy of techniques for
identifying potential issues in language development.

Implementing Neo4j (Neo4j Inc), a graph database technology,
is crucial in optimizing our Gades platform, specifically in
enhancing the accuracy of language disorder detection. Neo4j
allows for a more natural and flexible representation of complex
data and interconnected relationships between them, which is
essential for modeling the intricate interactions and dependencies
observed in child language development [45]. In the context of
Gades, Neo4j facilitates the dynamic integration and analysis
of large volumes of data related to language development
milestones, assessment responses, and individual characteristics
of children. For example, the graph structure enables us to
directly link children’s responses to specific questions with
language development patterns and automatically flag
connections that indicate potential delays or deviations from
typical development.

Therefore, the KB has also been migrated to Neo4j graph
databases. As illustrated in Figure 2, each milestone is
represented through a month (dark pink node) with several
questions (pale pink nodes) and a final suggestion (green nodes).
Thus, in the figure, a dark pink node is represented each month,
corresponding to different questions designed to evaluate the
child’s language proficiency, depicted by pale pink nodes.
Notably, some questions are linked to multiple months,
reflecting the dynamic nature of language development
assessment. Different action suggestions can be generated based
on the answers to these questions, such as confirming typical
development, recommending reassessment, or advising referral
to early childhood care services (green nodes represent these).
This graph-based approach facilitates a nuanced analysis of the
child’s language development, allowing for tailored
interventions sensitive to each child’s unique progression.
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Figure 2. Gades' knowledge base in Neo4j: milestone months (dark pink node), questions identifiers (pale pink nodes), and suggestions (green nodes).
Each month has various questions to evaluate language acquisition (for a child aged 14 months or 20 months) with suggestions such as typical development,
repeat evaluation, or advising referral to early childhood care services.

With the updates to Gades, the system has addressed feedback
from educators seeking more information on DLD. Previously,
questions were categorized by language development areas and
were only accessible to the system’s technical staff. However,
with the recent improvements, information about various skills
is now accessible to the evaluation staff. This improvement
means that by using Gades, preschool teachers and other
professionals can gain deeper insights into the specific language
development areas being assessed. Such transparency not only
empowers educators with a better understanding of language
development but also enables them to contribute more
effectively to detecting warning signs.

Table 1 illustrates the classification and number of questions
across different categories. The sensory reception category is
administered in the earliest months of life, primarily to assess
for hearing issues, and gradually transitions into language
perception. This aspect entails the capacity to receive, process,
and comprehend linguistic information through sensory
channels, whether auditory or visual. Pragmatics includes
conversational skills, coherence, cohesion within discourse, and
the functional and social use of the language. Finally, language
production encompasses phonology, morphosyntax, semantics,
and nonverbal communication. This structured approach allows
for a comprehensive assessment of a child’s language
development, targeting specific areas crucial for early detection
and intervention of language disorders.

Table 1. Classification of questions according to language category [35].

Number of questionsLanguage development domains

3Sensory reception

32Language perception

48Production

25Pragmatics

Hypothesis and Experiment
We aimed to validate the reliability and effectiveness of the
new Gades platform in a real setting without the direct
supervision or intervention of language experts or technical
staff. We explored the interaction between preschool teachers
and the Gades platform, highlighting how Gades functions as
a valuable tool for facilitating language observations to detect
warning signs of language difficulties by nonexperts. The Gades
platform is specifically designed to assist in detecting early
language difficulties that may signal potential DLD. By focusing

on these early warning signs, Gades supports the early detection
and monitoring of language development challenges in
real-world educational settings.

The Gades KB was established in a previous study [35] and is
grounded in standardized tests commonly used to assess DLD.
This ensures that Gades relies on validated methodologies to
identify and interpret potential language difficulties.

The study’s population sample consisted of 218 children aged
6 to 36 months from 2 educational centers in the city of Madrid:
a preschool center and an early childhood educational and
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psychopedagogical center. All children enrolled in the first cycle
of early childhood education, which aligns with this age range,
participated in the study. This selection was based on recent
evidence highlighting the critical importance of identifying
language difficulties during this developmental period [1,3,4,24].
The screening data were collected from March to June 2023,
providing an initial assessment of Gades’ effectiveness in a
real-world educational setting. Notably, access was limited to
Spanish-speaking and some bilingual children.

The screening assessments for DLD involved the active
participation of 24 nursery school educators and preschool
teachers and a clinical professional from the early childhood
center. Throughout this study, we will refer to them as
evaluators. Hence, 2 categories of evaluators were involved in
the experiment. The initial cohort consisted of professionals
from early childhood centers, who, while not specialized in
DLD, possessed adequate knowledge of NDDs. The second
group comprised nursery school educators and preschool
teachers, who may lack specialized language expertise but
possess valuable insights into the children’s competencies under
their care. Before starting the experiment, the evaluators
received training from qualified professionals affiliated with
the Specific Language Disorder Association of Madrid. This
training aimed to deepen their understanding and expertise
regarding DLD and its identification with children aged 6 to 36
months. The training, delivered in a concise 2-hour format, was
designed to ensure efficiency while providing comprehensive

insights. By the session’s conclusion, it was anticipated that the
educators would have developed a more nuanced understanding
of typical language milestones and a heightened capacity to
discern early indications of language difficulties in children
under their care.

During the evaluations, they operated without direct assistance
from the training professionals or the Gades technical support
team. Consequently, the experiment was conducted in an
uncontrolled setting, relying exclusively on the evaluators’
direct observation of the children’s behavior for further
evaluation through Gades. The evaluations were conducted
following the guidelines recommended by Gades, aiming to
ensure that the process was as effective and informative as
possible within the constraints of the study’s design.

Figure 3 outlines the Gades’ framework, starting with an initial
phase where a series of meetings were conducted to review and
validate the KB established in the previous experiment. This
phase involved experts in language disorders and the technical
personnel from Gades to ensure the KB’s relevance and
accuracy. The panel of experts, who were also involved in
constructing the KB as part of a previous study [35],
recommended that including 3 to 6 questions per month would
constitute an adequate measure for detecting language
development issues. In the context of this study, the same
experts conducted a review and confirmed the continued validity
and applicability of the content of the KB. Once the KB was
validated, the second phase, the screening process, began.

Figure 3. Gades’ detailed framework. The process starts with expert validation of the knowledge base, integrated into a screening form with control
and language questions. Evaluators assessed the children, and Gades provided recommendations, such as reassessment or referral, forming the basis of
a psychopedagogical report. DLD: developmental language disorder.

The assessments were carried out by experienced female
educators and professionals proficient in using digital platforms
and information technologies. They used mobile devices and
workplace computers to conduct evaluations, strategically
scheduling them during the children’s nap time around midday
to minimize distractions. This approach involved each evaluator

conducting assessments of the children under her care, which
consisted of 2 parts. The first part included control questions
related to the child’s medical history and linguistic context,
serving as a baseline for understanding each child’s unique
background. The second part consisted of the language
difficulties screening questions. These questions were
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meticulously developed in collaboration with experts to cover
risk parameters for the early detection of DLD.

After the screening form was completed, the Gades system
generated a recommendation to the evaluator, such as suggesting
a repeat assessment in the upcoming months or indicating the
need for a referral to an early intervention center. If a referral
was recommended, nursery schools in Madrid forwarded the
result to the expert through a psychopedagogical report. The
designated expert, a language professional, was responsible for
conducting a standardized evaluation tailored to the child’s
needs. Meanwhile, the educator played a supportive role by
closely observing the child’s progress in class and paying
particular attention to areas of difficulty. Regular communication
between schools and the expert was maintained with biweekly
visits to ensure follow-up and support.

The application of the Gades platform was deliberately
structured to be as nonintrusive as possible, allowing evaluators
to focus on their primary duties while still contributing to the
study. On average, each child underwent 1.24 (SD 0.49)
assessments, indicating a consistent approach to the number of
evaluations. The average duration of an assessment was 70 (SD
41.8) seconds per child, demonstrating the platform’s efficiency
in collecting data within a brief timeframe. To validate the Gades
platform, both quantitative and qualitative analyses were
conducted.

Quantitative validation focused on assessing the platform’s
accuracy and reliability. Descriptive statistics were used to
summarize the duration and frequency of assessments.
Agreement between the system’s recommendations and
evaluators’ decisions was measured using concordance rates,
calculated as the proportion of evaluations where the evaluators
accepted Gades’ recommendations. Statistical significance was
set at P<.05. In addition, the platform’s accuracy rate (97.41%)
was determined by dividing the number of accepted suggestions
(n=263) by the total number of evaluations (N=270). Instances
of disagreement were analyzed qualitatively to identify patterns
or recurring issues.

Qualitative validation focused on the integration of Gades into
educational settings and its usability as perceived by preschool
teachers. Evaluators were asked to provide feedback via a
standardized questionnaire, following a validated system
usability scale [41]. Responses were anonymized and collected
outside the Gades platform to reduce potential bias. Evaluators
also provided open-ended feedback to capture their experiences
and insights, highlighting the platform’s strengths and areas for
improvement. The qualitative data were analyzed thematically
to identify trends and recurring themes.

This combination of statistical and thematic analyses ensured
a comprehensive validation of Gades. By comparing the
platform’s outcomes against educator feedback and established
clinical criteria, the study aimed to validate Gades’ ability to
aid in the early detection of language development issues, such
as SLD or DLD. Furthermore, comparisons between the initial
version of Gades (2014) [35] and the current version highlighted
improvements in adherence to clinical standards and system
usability.

Ethical Considerations
This study, including the validation of the Gades platform and
the experiment conducted through it, received ethics approval
from the Ethics Committee of the Polytechnic University of
M a d r i d  i n  O c t o b e r  2 0 2 3
GYGSDAALTD-MLMR-DATOS-20231010 and
GYGSDAALTD-MLMR-HUMANOS-20231010). This
approval ensures that both the use of the Gades platform and
the specific experimental protocol comply with ethical standards,
including data protection, participant rights, and research
transparency.

For this study, an opt-out consent model was implemented.
Participants were informed in advance about the study’s
objectives, the nature of the data collection, and the measures
taken to ensure anonymity. They were given the opportunity to
decline participation or withdraw their data at any point without
providing a justification. Consent was implied by the
participants’ choice to continue with the evaluations, as no
identifiable personal data were collected. Anonymized data
were securely provided to the research team.

The professionals overseeing the evaluations maintained
confidentiality in accordance with professional secrecy
standards. Only the principal investigator had access to the
evaluation results, which were securely stored in an encrypted
database, accessible solely through authorized credentials.

Results

Sample Summary
The sample size for this study was calculated using a finite
population correction formula to ensure adequate representation
and statistical power. On the basis of demographic data from
Madrid, the estimated population of children aged 6 to 36
months was approximately 150,000 [46]. With an assumed
prevalence of DLD of 7%—a conservative estimate derived
from epidemiological studies [17]—a 95% CI (Z=1.96), and a
margin of error of 5%, the required sample size was calculated.
The formula incorporates the finite population adjustment to
account for the limited size of the target population, yielding a
minimum required sample size of approximately 100
participants. This calculation also considered the variability in
language development within the population.

The study’s population sample comprised 218 Spanish-speaking
children aged 6 to 36 months, more than double the calculated
minimum sample size, ensuring robust statistical power and
enhancing the reliability of the results. It featured a control
group of 134 children from the nursery school (center 1) without
any previous diagnosis or visible language difficulties and an
experimental group of 84 children from the early childhood
educational and psychopedagogical center (center 2), suspected
of NDDs. Both groups were matched by gender to maintain
homogeneity. Each child was assigned a random identifier for
data anonymization and to facilitate subsequent analysis by the
research team.

In Madrid’s nursery schools, for each child, the evaluations
were conducted by 2 assigned preschool teachers, also called
an “educational pair.” The concept of an “educational pair”
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refers to 2 professionals sharing responsibilities and
collaborating for the children’s development and well-being,
enabling the distribution of evaluation tasks between them.
Therefore, in classrooms with children aged <12 months, each
teacher evaluated an average of 4 (SD 0) children. For groups
with children aged from 13 to 24 months, the responsibility
increased to an average of 6.75 (SD 0.577) children per teacher.
For those aged >24 months in the classroom, the average was
5.9 (SD 6.610) children per preschool teacher. Evaluations at
the early childhood educational and psychopedagogical center
were conducted by the teacher specializing in therapeutic
pedagogy (NSLT).

Table 2 presents an overview of the study’s sample, detailing
the distribution of the children by age and gender: 45.4%

(99/218) of the girls and 54.6% (119/218) of the boys
participated. Within this group, 36% (36/99) of the girls and
40.3% (48/119) of the boys came from the early childhood
center, initially identified with potential NDD concerns.
Specifically, for participants aged >3 years, the study included
4 boys and 2 girls, all aged 37 months, except for 1 girl who
was aged 38 months. The second year of the initial preschool
cycle had the highest representation, with the largest number
of children aged between 18 and 28 months, averaging 10 (SD
3.045) children per month. The average age in months per grade
was distributed as follows: up to 12 months, the average age
was 10.020 (SD 1.136) months; from 13 to 24 months, the
average age was 20.331 (SD 1.108) months; and from 25 to 36
months, the average age was 31.578 (SD 1.094) months.

Table 2. Distribution of children by center, gender, and age rangea.

25-36 mo (n=84), n (%)13-24 mo (n=102), n (%)Up to 12 mo (n=26), n (%)Grade

Children from center 1

31 (36.9)22 (21.6)10 (38.4)Female

39 (46.4)24 (23.5)8 (30.7)Male

Children from center 2

9 (10.7)22 (21.6)5 (19.2)Female

11 (13.1)34 (33.3)3 (11.5)Male

aCenter 1 is the nursery school, and center 2 is a psychopedagogical center. The age ranges align with the preschool grades. The second year of the
initial preschool cycle had the highest representation (102 children).

The screening form’s initial section included questions regarding
the child’s medical history and linguistic context. Birth
complication cases were more prevalent in center 1, particularly
among male participants. Results indicated that 8.2% (11/134)
of the children with no previous diagnosis of NDD experienced
birth complications, including prenatal, perinatal, and preterm
risks. 2.9% (4/134) were reported among females while among
males, 5.2% (7/134) were observed. In center 2, only 2% (2/84)
cases were reported in males and no cases in females. Notably,
3 children faced more than 2 of these risks, such as family
history combined with perinatal risk. The mean gestational
weeks remained relatively consistent across both centers and
genders, with slightly more variation among girls. The average
gestational age was 39.518 (SD 5.363) weeks, female children
had an average of 38.984 (SD 2.36) weeks in center 1 and 40
(SD 0) weeks in center 2, while males had 39.563 (SD 1.29)
weeks in center 1 and 39.791 weeks (SD 1.44) in center 2. A
baby is considered premature if born before the 37th week of
pregnancy. According to the study, only 3.7% (8/218) of the
children were born preterm, highlighting specific early life
factors that could influence developmental outcomes. Instances
with a family history or bilingual cases were limited. Among

the 218 cases studied, only 2 reported a family history of other
NDDs such as autism spectrum disorder. Information regarding
the bilingual context was exclusively available for children from
center 1 (N=134). 7 (5.2%) cases were found among females,
and 3 (2.2%) cases were recorded in males. It suggests that the
language development impact of being raised in a bilingual
environment could not be thoroughly assessed across the entire
sample.

Overview of the Obtained Health Results
This section presents the results obtained from the evaluations
that were conducted. A total of 270 assessments were completed,
accounting for instances where children underwent multiple
assessments. Retaining only the latest assessment conducted
for each child (218 evaluations), there were 19.7% (43/218)
children, which resulted in a suggestion to refer them to an early
intervention center for a specific assessment by a professional.
These types of suggestions were classified as alarms. That was
the most severe system decision. Table 3 shows the results of
the final assessments. The system has recommended repeating
the remaining assessments in subsequent months to further
evaluate and discard language issues. Suggestions that indicate
repeat evaluation are classified as warning type.
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Table 3. Distribution of Gades’ final suggestionsa (N=218).

Distribution, n (%)Description

117 (53.7)Typical developmental

43 (19.7)Refer to early childhood care

28 (12.8)Repeat assessment (within 3 mo)

19 (8.7)Repeat assessment (within 2 mo)

11 (5)Repeat assessment (within 1 mo)

aMore than half of the sample (n=117, 53.7%) were identified as typical language development. However, 19.7% (43/218) of assessments identified
language difficulties as indicative of possible simple language delay or developmental language disorder.

Table 4 displays the distribution of assessment types by gender.
It reveals that more alarm cases were identified in boys (29/218,
13.3%) compared to girls (14/218, 6.4%). In addition, both

genders had a similar frequency of warning assessments and
neurotypical results.

Table 4. Distribution of evaluations by suggestion type and gender. More alarm cases were identified in boys (29/218, 13.3%) compared with girls
(14/218, 6.4%). Both genders had a similar rate of warning assessments and neurotypical results (N=218).

Evaluations, n (%)Gender and evaluation

Female

14 (6.4)Alarm

29 (13.3)Warning

56 (25.9)No findings

Male

29 (13.3)Alarm

29 (13.3)Warning

61 (27.9)No findings

Gades identified more cases of alarm and warning in children
already undergoing evaluation by specialists than from the center
(alarm: 29.7%; warning: 32.1%), but we do not know whether
these children had language disorders. Hence, among children
already experiencing some difficulties, it identified that there
may be some indication of language difficulties (ie, DLD or
SLD).

Table 5 shows the distribution of evaluations that were classified
as an alarm because it was detected that the assessed child did

not meet the language acquisition milestones expected for their
age. The incidence of language impairment from center 2 was
comparable between boys and girls (15:10) and 30% (25/84)
of the cases were detected as alarms. Meanwhile, for children
without a suspicion of NDD coming from nursery school (center
1), difficulties in language and communication were detected
in 13.4% (18/134) of the cases. However, a notable discrepancy
was observed between boys and girls (14:4).

Table 5. Distributions of alarm evaluations by gender, month, and centera.

Total373230282726252420191816151411109Month

Children center 1

400000001100000110Female

1411101211004001010Male

1811101212104001120Total

Children center 2

1000011100031020001Female

1500000012224130000Male

2500011112255150001Total

aFor children coming from center 1, language issues were detected in 13.4% (18/134) of the cases. The incidence of language issues from center 2 was
comparable between male and female participants (15:10), with alarms detected in 30% (25/84) of the cases.

Notably, most of the suspected cases were detected in months
15, 18, 19 and 24. All these months correspond to the second

year, encompassing children aged between 1 and 2 years. Upon
thorough analysis of the evaluations during these months,
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difficulties were discerned in the language production category
for month 15. Half (23/40, 50%) of the children resulted in
alarms. When compared to assessments from previous months,
several observations emerged. First, most questions in this
category were not been asked in previous months, as the child’s
age renders them too young to possess these competencies.
Second, only 1 question, “first disyllables (one word in addition
to dada and mama)?” was repeated in months 12 and 14, with
half (8/14, 57%) of the assessed children answering negatively
in both months. For month 15, all respondents answered
negatively.

Month 18 had the highest number of detected suspected cases
(9/11, 82%). During one of the meetings, educators expressed
that they had observed more issues in language production,
citing example, such as the child’s inability to articulate certain
words. In addition, similar questions asked in previous months
also resulted in alarms. For instance, the one with the most error
answers was “first bisyllables (two words in addition to dada
and mama)?” In subsequent months, specifically month 19,
identical pragmatics and language production questions were
asked, and negative responses were received.

In month 24, 40% (4/10) of the evaluations raised alarms. Upon
analyzing the questions, 3 were related to pragmatics and
language comprehension, which were previously asked in earlier
months. Most children satisfactorily answered these questions,
indicating alignment with their current developmental stage.
Therefore, the cases prompting alarms may signify potential
instances of children with SLD or DLD.

Figure 4 depicts the results of questions categorized by language
development areas. The sensory reception category was
evaluated only for children aged up to 12 months to discard
hearing issues. Children aged <12 months encountered more
challenges in the production and pragmatics categories.
Furthermore, there were no cases of hearing problems. The
pragmatics category showed an equal balance between successes
and failures. Conversely, children in the second year
demonstrated notable difficulty in answering questions within
the language production category, with a higher-than-average
rate of incorrect responses. Other categories showed satisfactory
performance.
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Figure 4. Distribution of results based on language-category questions. Each question is categorized according to language category (refer to Table 1
for more information) and can be answered with a yes, no, or do not know/no answer (DK/NA). Children aged from 13 to 24 months demonstrated
notable difficulty in production questions. Children aged >24 months exhibited positive responses across most categories.

Finally, children aged >24 months exhibited predominantly
positive responses across most categories. Hence, it becomes
evident that children aged <24 months exhibit a higher frequency
of errors, attributable to the inherent variability in language
acquisition during this developmental stage. Consequently, there

is a pressing need for greater flexibility in language milestones
and extending their coverage across months.

As illustrated in Figure 5, this distribution reveals that instances
of children with difficulty in language development are prevalent
between months 15 and 27, gradually decreasing in the final
months until 3 years of age.
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Figure 5. Distribution of suggestion type per month. Cases of children with language development issues were prevalent between months 15 and 27
(dark blue). The graphic reveals a gradual decline during the final months, with more typical development cases (pale blue).

In contrast, the evaluations were analyzed considering the
control questions asked and the correlation between language
development and the child’s date of birth. In Madrid’s nursery
school classes, children were grouped based on their birth year.
Consequently, at the beginning of the school year in September,
a significant age gap existed between children born in the first
quarter and those born in the last months. The latter group
comprised the youngest in the class, resulting in a notable
developmental difference between them.

The assessment outcomes for the youngest children in each
class are presented in Figure 6. The youngest children were
defined as those born from October to December 2020 for the
age range of 25 to 36 months and from October to December
2021 for the age range of 13 to 24 months. This categorization
was not applicable for children aged <12 months, as we did not
have children from the last trimester. Hence, upon comparing
the alarm for children born in 2020 and those born in 2021, it
consistently appeared higher for those in the previous quarter.
The youngest children tend to yield poorer results using Gades,
as language development differs.

Figure 6. Assessment results by school quarter and suggestion type. For children born in 2020 (age between 25 and 36 months) alarm cases were more
prevalent among children from quarter 4. However, these results are tempered by many more typical development cases at the same age. By contrast,
for children born in 2021, the youngest children (quarter 4) tended to have alarm suggestions using the Gades platform.

The results of the assessment outcomes in relation to the control
questions can be observed in Table 6. It is noteworthy that the
2 children who disclosed a family history of other NDD in the
control questions were identified as cases with difficulties in
language development (ie, SLD or DLD cases). Among cases
with reported issues during pregnancy (ie, perinatal, prenatal,

or premature), a notable percentage resulted in difficulties in
language development (9/13, 69% including warnings). In the
case of preterm children, only 8 (3.7%) of the 218 cases were
identified as cases with difficulties in language development.
Only one of these preterm cases, a girl, was assessed as an alarm.
The 3 cases of preterm boys without previous NDD

JMIR Hum Factors 2025 | vol. 12 | e60424 | p.682https://humanfactors.jmir.org/2025/1/e60424
(page number not for citation purposes)

Dolón-Poza et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


demonstrated typical development. The remaining alarms in
boys corresponded to cases of prenatal (3/218, 1.4%) and
perinatal (4/218, 1.8%) risks. A similar scenario extended to

bilingual cases, where only 1 child exhibited an alarm of
language development difficulties.

Table 6. The child’s evaluations were distributed by control information, gender, and suggestion typea (N=218).

Bilingual cases, n (%)Family history, n (%)Birth complications, n (%)Gender and evaluation

Center 2Center 1Center 2Center 1Center 2Center 1

Female

0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)Alarm

0 (0)3 (1.4)0 (0)0 (0)0 (0)3 (1.4)Warning

0 (0)4 (1.8)0 (0)0 (0)0 (0)1 (0.5)Typical development

Male

0 (0)1 (0.5)1 (0.5)1 (0.5)2 (0.9)4 (1.8)Alarm

0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)Warning

0 (0)2 (0.9)0 (0)0 (0)0 (0)3 (1.4)Typical development

aAmong children with birth complications, 69% (9/13) of them showed language development difficulties. Those with a family history of
neurodevelopmental disorder also faced challenges, while only 1 bilingual child showed an alarm.

Gades’ Performance
Gades’ performance is assessed by the extent to which the
system’s decisions align with the perspectives of evaluators
who support its recommendations. If there was disagreement
with a recommendation, evaluators were prompted to justify
dissent. Evaluators based their agreement or disagreement with
the system’s decision on their understanding of the child,
considering factors such as age, family environment, and

communicative intent. According to the results, Gades exhibited
an accuracy rate of 97.4% (263/270). Out of 270 evaluations,
only 7 (2.6%) suggestions were declined by evaluators. Figure
7 shows a higher disagreement rate with the system’s decisions
in children aged <24 months. Specifically, the accuracy rate
was 92.3% up to 12 months, compared to 97.8% in the second
grade (aged between 13 and 24 months) and 98.9% in the third
grade (aged between 25 and 36 months).

Figure 7. Gades acceptance per grade. Out of 270 evaluations, only 7 proposals were declined (ie, 3 for evaluations of the first and second grades and
1 for evaluations in children aged >24 months). Even so, the acceptance of Gades remains above 90% in all courses.

Considering the total of 270 assessments conducted, including
those where children were evaluated twice, the accuracy of
Gades’decisions is depicted in Table 7. Among the suggestions

provided by the Gades system, where evaluators disagreed
(7/270, 2.6%), some suggested referring the child to early
intervention for a specialized assessment (5/270, 1.9%).

Table 7. Gades’ accuracy by the suggestion typea.

Accepted suggestion, n (%)Suggestion description

Yes (n=263)No (n=7)

45 (16.7)5 (1.9)Refer to early childhood care

125 (46.3)0 (0)Typical development

29 (10.7)2 (0.74)Repeat assessment (within 2 mo)

44 (16.3)0 (0)Repeat assessment (within 3 mo)

20 (7.4)0 (0)Repeat assessment (within 1 mo)

aEvaluators did not agree with Gades’ suggestion in 2.6% (7/270) of evaluations. Most of these unaccepted suggestions were for the most severe cases
identified by Gades (“refer to early childhood care”). Gades exhibit an accuracy rate of 97.41%.
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When the evaluator disagreed with the Gades’ decision, they
were required to provide a comment stating the reason for
nonacceptance. Thus, several reasons explain why the evaluators
did not accept Gades’ decision (Table 8). In 4 instances (ie, for
months 10, 12, 15, and 18), they noted that the questions were
not tailored to the child’s developmental stage. In 2 cases from
18 months, the evaluator rejected the suggestion. Moreover, in
case “The questions do not align with the child’s developmental

stage,” the assessor disagreed with the suggestion and conducted
an immediate reassessment. This subsequent assessment issued
a warning (ie, to repeat the evaluation in the next months). In
addition, in 2 cases involving 2 boys, the evaluators intended
to continue observing the child’s progress as they had identified
other communicative skills. Finally, there was no disagreement
for typical development cases.

Table 8. Evaluator’s reasons for rejecting the final suggestion from Gadesa.

Evaluation monthChildren’s genderReason

Refer to early childhood care

26Male“We will monitor the situation closely. If necessary, we will consult the Early Assessment
Team for guidance.”

18Male“There are alternative forms of communication besides verbal language, and he demon-
strates proficiency in them. We will observe his development and see how it progresses.”

10Female“The questions do not align with the child’s developmental stage.”

10Male“The questions do not align with the child’s developmental stage.”

15Female“The questions do not align with the child’s developmental stage.”

Repeat assessment (within 2 mo)

12Female“The questions do not align with the child’s developmental stage.”

18Male“We consider that it is not necessary at this stage.”

aThe suggestions that were not accepted relate to “refer to early childhood care and repeat assessment (within 2 months)”. Most of the reasons were
that the assessment conducted by Gades was not aligned with the child’s developmental stage.

Overview of the Obtained Functional Results
Numerous interviews were conducted with the evaluation staff,
and they completed a web-based form assessing the usefulness
and practicality of the Gades tool in uncontrolled educational
settings, following the guidelines outlined in the referenced
study [41]. None of the evaluators had previous experience
using this specific platform. It was noted that preschool
educators and professionals in early childhood educational and
psychopedagogical centers found Gades highly acceptable. Most
(18/24, 75%) of the evaluators found the system easy to use,
although it required dedicated time. They experienced occasional
technological issues such as student search processes or time
sessions. A quarter felt previous technological knowledge was
necessary.

The educators used an observational methodology during the
school day to respond to the form’s questions, considering it
noninvasive and conducive to respectful support within an
appropriate environment for the child. They suggested that
implementing the Gades assessment during the first term of the
school year, particularly during the adaptation period, could be
challenging due to their limited familiarity with the child. In
addition, they proposed conducting evaluations every 3 months
for cases initially indicating “typical development” to ensure
ongoing progress.

While control questions were valuable for accurate results from
the Gades system, access to certain information, particularly
related to birth difficulties, was limited for many children.
Regarding the comprehension and appropriateness of the KB
questions, educators encountered comprehension difficulties in

only 2 out of the 108 questions, which they resolved by
consulting the Gades’ technical staff. They noted that some
questions were unsuitable for the child’s developmental stage.
They highlighted the absence of questions about family context,
communication dynamics, and disruptive behaviors in the
second and third years.

Regarding recommendations, 75% (18/24) of the evaluators
reported that they would suggest Gades to other nursery schools,
emphasizing the need for previous DLD training to observe
children effectively. They reported high knowledge acquisition
and insight into their students’ language development. For
instance, they had observed that girls aged <12 months initiated
communication earlier and more fluently.

Discussion

Principal Findings
This study’s core findings underscore the Gades platform’s
effectiveness as a robust tool for screening language disorders
in preschool environments, successfully identifying language
difficulties in 19.7% (43/218) of the children assessed. This
rate, with a notable prevalence in boys (29/218, 13.3%)
compared to girls (14/218, 6.4%), is significantly higher than
the traditional prevalence estimates of 2% to 7% for DLDs
[8,17,21,23,43]. This discrepancy suggests that Gades may be
particularly sensitive to early signs of language difficulties or
may also capture cases of SLD. As a screening tool rather than
a diagnostic system, Gades aims to identify children at higher
risk for DLD or SLD, which might lead to elevated detection
rates compared to studies focused strictly on diagnosis.
Comprehensive assessments by specialists at early intervention
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centers are required for a definitive diagnosis, highlighting the
necessity of further evaluation following initial screening
outcomes.

The study validated Gades’ technical and functional capabilities
in uncontrolled educational settings without direct intervention
by an NSLT. The platform’s utility in guiding nonexpert users,
such as preschool teachers, through the screening process was
particularly noteworthy. Teachers could use Gades effectively
to observe and assess language development, reflecting its
potential to empower educators with limited specialized training
in language disorders.

Moreover, Gades demonstrated a high accuracy rate (97.41%)
in aligning with the educators’ assessments, underscoring its
reliability and the robustness of its underlying algorithms and
KB. The discrepancies between the system’s recommendations
and the educators’ judgments were minimal, indicating a high
level of agreement and trust in the platform’s diagnostic
suggestions.

The findings also illuminated specific age ranges (between 15
and 27 months) where language difficulties are most prevalent,
reinforcing the importance of targeted early intervention during
this critical developmental period. The ability of Gades to adapt
its screening approach based on the child’s age and specific
educational context was a key factor in its effectiveness.

These promising results suggest that integrating Gades into
regular preschool assessments could significantly enhance the
early detection of language disorders, potentially leading to
more timely and effective interventions.

Extending Detection to Natural Environments
This study highlights the importance of checking for
developmental disorders similar to DLD in natural settings,
such as preschools, where children naturally spend much time.
DLD, similar to autism and ADHD, is among the most common
developmental challenges but often goes unrecognized because
its symptoms may resemble simple speech delays or overlap
with other developmental disorders, leading to delayed
diagnoses. Equipping educators, teachers, and school
professionals with the right knowledge and support is crucial
because they can spot early signs of these disorders. Early
detection, significantly enhanced through collaboration with a
multidisciplinary team, is key to improving a child’s prospects
for developing language skills effectively.

Applicability and Scalability
The Gades platform is designed to be versatile and scalable,
making it a valuable tool for educators worldwide, especially
in regions with limited access to specialized language disorder
services. This flexibility is crucial for adapting to diverse
linguistic and cultural environments across global educational
systems. To effectively implement Gades in these diverse
settings, developing training programs sensitive to local
languages and educational standards is essential. These programs
should equip educators with the skills to use the platform
effectively and to recognize early signs of language disorders,
even without specialized training.

Considering the technological limitations in different regions,
Gades should be designed to operate in low-bandwidth
environments and comply with local data protection regulations.
This will make the platform accessible and trustworthy.
Enhancing the platform’s database to support multiple languages
and reflect cultural specifics can make Gades a more inclusive
tool that accurately reflects diverse child development patterns.

Practical implementation strategies include collaborating with
local educational authorities to incorporate Gades into routine
screening processes. This might involve tailoring the platform
to meet local developmental benchmarks and language nuances.
Partnering with local educational institutions can provide
continuous support and feedback, helping to refine the platform.

Gades could offer versions that range from sophisticated,
high-tech applications to more basic, web-accessible formats
to accommodate varying technological capabilities. Establishing
a community of practice among Gades users would encourage
sharing best practices and provide essential peer support,
enhancing the platform’s overall effectiveness and user
experience.

Limitations
One significant limitation of the Gades system is its reliance on
the accuracy of the input provided by educators, who may not
have specialized training in identifying language disorders. This
dependency can introduce biases or inaccuracies in the screening
process, as nonexpert interpretations of language development
may vary widely, affecting the reliability of the outcomes. To
mitigate these potential biases, it is essential to implement
comprehensive training programs for educators using the
platform. These programs should focus on familiarizing them
with common language development milestones and the specific
signs of language disorders. In addition, incorporating automated
prompts and guidelines within the Gades system can help
standardize recorded observations, reducing subjective
interpretation errors.

Further refining the interface and feedback mechanisms of
Gades can also enhance the accuracy of the data collected. For
instance, the platform could include illustrative examples or
short training videos on typical versus atypical language
behaviors to guide educators’ assessments before they input
data. Regular updates and calibrations based on user feedback
and new research in language development could further
improve the system’s precision and adaptability to real-world
educational environments.

The study’s limitations extend beyond the technical aspects of
the Gades platform to include concerns about the sample size
and the uncontrolled implementation settings. The small sample
size may not adequately represent the broader population of
preschool children, limiting the generalizability of the findings.
In addition, while providing real-world insights into the use of
Gades, the uncontrolled setting might introduce variability in
how the platform is used across different environments,
potentially influencing the consistency and applicability of the
results. These factors could lead to higher variability in
outcomes, which might not fully indicate the platform’s efficacy
under different or more controlled conditions.

JMIR Hum Factors 2025 | vol. 12 | e60424 | p.685https://humanfactors.jmir.org/2025/1/e60424
(page number not for citation purposes)

Dolón-Poza et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Future Directions
Future research should include larger and more diverse
populations to address the limitations mentioned to ensure that
findings are robust and widely applicable. Controlled trials,
where variables can be more tightly managed, would also help
understand the platform’s effectiveness across varied educational
settings and populations. This would allow for more reliable
validation of the platform’s capabilities and identify specific
conditions under which it performs best, guiding more targeted
improvements.

To enhance Gades’ effectiveness and reliability, it is imperative
to refine the tool by expanding the KB to better differentiate
between DLD and SLD at earlier stages. Adapting the system
to align more closely with the actual ages of children rather than
their academic year will provide more accurate assessments.
Implementing educator training modules will equip them to
effectively recognize early signs of language difficulties. Future
versions of Gades should include a nuanced approach for
assessing the youngest children in the class, considering their
specific developmental stages and potential delays without
prematurely recommending specialist evaluations. These
improvements will ensure that Gades supports early detection
and integrates smoothly into regular preschool assessments,
potentially enhancing the effectiveness of interventions for
language disorders.

Conclusions
This study confirms that DLD remains a commonly overlooked
condition with significant variability and potential overlaps with
other developmental disorders. Importantly, our findings
reinforce the critical nature of age-specific screenings, with the
most alarms for language difficulties arising in second-year
grades, supporting the hypothesis that this period is crucial for
detecting DLD risk factors. Despite the conservative and generic
screening process, which identified language difficulties in 19%
of cases—higher than the 7% prevalence typically noted in other
studies—some of these instances may represent SLD. This
suggests a need for refining language milestones within the
Gades system to more effectively distinguish between DLD and
SLD.

The qualitative outcomes from the Gades platform demonstrate
its value in designing tailored educational programs and

therapeutic interventions. By integrating such tools without the
need for direct support from NSLT, Gades facilitates a deeper
understanding of individual language development patterns.
This insight enables educators, particularly those without
specialized training in language disorders, to identify and
address developmental challenges more effectively and earlier.
The platform has been well-received in terms of usability and
practicality, enhancing educators’ ability to actively monitor
and support language development.

Moreover, implementing Gades has provided substantial
learning opportunities for preschool teachers. Educators with
no previous expertise in DLD have gained significant knowledge
and skills in informal screening processes, which has had a
transformative impact on their ability to recognize and respond
to language development issues. This empowerment of teachers
underscores the potential of Gades to serve as a foundational
tool in early education settings, enhancing early detection and
intervention strategies.

To extend the utility of Gades beyond this study context, it is
crucial to provide practical recommendations for its
implementation in various educational settings. Tailoring the
platform to accommodate different regional educational
standards and linguistic backgrounds can maximize its
effectiveness and reach. In addition, the successful deployment
of Gades is contingent upon comprehensive training programs
for educators. These programs should focus on enhancing
understanding of language milestones, screening techniques,
and the specific functionalities of the Gades platform. Effective
training could be implemented through web-based modules,
workshops, and ongoing support systems to ensure educators
can proficiently use the tool.

In conclusion, the Gades platform represents a significant
advancement in the field of educational technology for screening
language disorders. By facilitating detailed observation and
reporting of language development, Gades supports educators
in their daily interactions with children and contributes to a
broader strategy for addressing DLDs in early childhood
education. The adoption of such tools, accompanied by adequate
training and tailored implementation strategies, holds the
promise of significantly improving outcomes for children at
risk of DLD and SLD across diverse educational landscapes.
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Abstract

Background: The global increase in the Internet of Things (IoT) adoption has sparked interest in its application within the
educational sector, particularly in colleges and universities. Previous studies have often focused on individual attitudes toward
IoT without considering a multiperspective approach and have overlooked the impact of IoT on the technology acceptance model
outside the educational domain.

Objective: This study aims to bridge the research gap by investigating the factors influencing IoT adoption in educational
settings, thereby enhancing the understanding of collaborative learning through technology. It seeks to elucidate how IoT can
facilitate learning processes and technology acceptance among college and university students in the United Arab Emirates.

Methods: A questionnaire was distributed to students across various colleges and universities in the United Arab Emirates,
garnering 463 participants. The data collected were analyzed using a hybrid approach that integrates structural equation modeling
(SEM) and artificial neural network (ANN), along with importance-performance map analysis to evaluate the significance and
performance of each factor affecting IoT adoption.

Results: The study, involving 463 participants, identifies 2 primary levels at which factors influence the intention to adopt IoT
technologies. Initial influences include technology optimism (TOP), innovation, and learning motivation, crucial for application
engagement. Advanced influences stem from technology acceptance model constructs, particularly perceived ease of use (PE)
and perceived usefulness (PU), which directly enhance adoption intentions. Detailed statistical analysis using partial least
squares–SEM reveals significant relationships: TOP and innovativeness impact PE (β=.412, P=.04; β=.608, P=.002, respectively),
and PU significantly influences TOP (β=.381, P=.04), innovativeness (β=.557, P=.003), and learning motivation (β=.752, P<.001).
These results support our hypotheses (H1, H2, H3, H4, and H5). Further, the intention to use IoT is significantly affected by PE
and usefulness (β=.619, P<.001; β=.598, P<.001, respectively). ANN modeling enhances these findings, showing superior

predictive power (R2=89.7%) compared to partial least squares–SEM (R2=86.3%), indicating a more effective identification of
nonlinear associations. Importance-performance map analysis corroborates these results, demonstrating the importance and
performance of PU as most critical, followed by technology innovativeness and optimism, in shaping behavioral intentions to
use IoT.

Conclusions: This research contributes methodologically by leveraging deep ANN architecture to explore nonlinear relationships
among factors influencing IoT adoption in education. The study underscores the importance of both intrinsic motivational factors
and perceived technological attributes in fostering IoT adoption, offering insights for educational institutions considering IoT
integration into their learning environments.

(JMIR Hum Factors 2025;12:e58377)   doi:10.2196/58377
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collaborative learning; student; college; university; education; Internet of Things; IoT; technology acceptance model; technology
optimism; TAM; experience; attitude; opinion; perception; perspective; acceptance; adoption; survey; questionnaire; ANN; deep
learning; structural equation modeling; neural network; intent; use; medical education; artificial neural network; technology
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Introduction

Background
The use of Internet of Things (IoT) applications has been
implemented in medical education projects [1]. IoT has the
ability to completely transform the educational landscape by
offering a more adaptable and quantifiable educational system
that unites teachers and students under a single technological
roof [2]. IoT innovation plays a significant role in transforming
training at all levels, from school and college to university
education [3]. Everyone, including students, instructors, and
college campuses, can benefit from this innovation. Educators
and administrators can leverage the power of IoT to connect
people with devices and data, enabling them to gain valuable
insights that have not been previously used in education. The
traditional human-centered educational system has been
transformed into an IoT-based one [4-6] using IoT. IoT has been
leveraged to change the conventional personalized schooling
system to an IoT-based system [4-6]. Figure 1 illustrates a cohort

of university students actively engaging with IoT technology
within an academic context. These individuals are adorned with
sophisticated wearable devices, including smart glasses and
smartwatches, which project information into their visual field,
indicative of a digital and augmented educational milieu. The
students are depicted with a palpable focus, using a portable
electronic apparatus, likely for the manipulation of or interaction
with the data overlay provided by their IoT devices.

The IoT has the potential to transform institutional practices
and enhance learning capabilities across various levels and
domains. University lecturers, students, and support staff can
leverage large IoT platforms successfully. However, there is
room for improvement in the utilization of IoT technology across
different educational institutions. Researchers, scholars, and
students can collaborate to develop IoT systems, devices,
applications, and services, leading to the evolution of the
educational environment as an increasingly dynamic and
globally relevant subject. Better IoT deployments in colleges
and universities have significantly improved positively to the
creation of efficient and useful educational resources [7,8].

Figure 1. Students using augmented reality and Internet of Things technology (generated by Openart AI).
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This research aims to explore how IoT technology is adopted
and used by educators and students in universities across the
Middle East. By integrating the technology acceptance model
(TAM) and additional external factors, the study seeks to
evaluate the effectiveness of IoT as an educational tool from
the perspectives of both students and educators. Using the TAM
as a metric, along with external variables, the research intends
to identify and analyze the factors that influence the acceptance
and use of IoT in medical education. The analysis uses a hybrid
framework that combines structural equation modeling (SEM)
and artificial neural networks (ANN) to examine how intrinsic
motivational factors and perceived technological attributes affect
IoT adoption. The SEM-ANN approach was specifically chosen
to leverage the strengths of both methodologies [9,10]. SEM is
highly effective in assessing the relationships between observed
and latent variables, providing clarity on both the direct and
indirect effects within the hypothesized model [11]. This method
allows for robust statistical analysis capabilities, making it ideal
for hypothesis testing and understanding the structural
relationships among the theoretical constructs [12]. Conversely,
ANN is used for its superior ability to model complex nonlinear
relationships between variables, which are often not adequately
captured by traditional linear models like SEM. ANN’s
data-driven nature allows it to directly learn and adapt to these
relationships from the data, thereby enhancing the model’s
predictive accuracy and robustness. By integrating SEM with
ANN, the study not only validates the theoretical framework
through SEM’s rigorous statistical analysis but also enhances
the predictive power and generalization capabilities of the model
with ANN’s computational intelligence. This hybrid approach
is particularly effective in exploring deeper, nonlinear
interactions within the data, offering a more comprehensive
understanding of the factors influencing IoT adoption. Given
the complexities of modern datasets, which often exhibit
nonlinear and digital behaviors among variables, this
methodological integration is well-suited to achieving the
research objectives and provides a justified, robust approach
for the study.

The proposed hypotheses are: (1) intrinsic motivational factors
like technology optimism (TOP), innovation, and learning
motivation (LMT) significantly impact students’ intention to
adopt IoT; (2) perceived ease of use (PE) and perceived
usefulness (PU), fundamental components of the TAM, strongly
predict IoT adoption intentions among students in the United
Arab Emirates.

This paper is organized as follows: “Literature Review” section
delves into the existing research related to the adoption of IoT
technologies, highlighting key theories and previous findings
that set the groundwork for this study. Section “Methodology”
details the research design, sampling methods, data collection
procedures, and analytical techniques used to investigate the
hypotheses. Section “Findings” presents the results of the data
analysis, offering quantitative insights into the factors
influencing IoT adoption. Section “Discussion” interprets the
findings in the context of the existing literature, discussing the
implications for theory and practice. Finally, the section
“Conclusions” summarizes the study’s main contributions,
outlines its limitations, and suggests directions for future

research. This structure is designed to provide a clear and logical
progression through the topics covered, facilitating a
comprehensive understanding of the study’s scope and
conclusions.

Related Work
The review of existing literature on the topic of IoT has explored
both practical and theoretical aspects, suggesting a correlation
between IoT and other factors such as self-efficacy, technology
utilization, motivation, security, privacy, training, and more
[13-19], indicating a relationship between the IoT and other
elements including self-reliance, technological use, inspiration,
safety, privacy, schooling, and beyond [13-19]. Likewise,
research has examined the impact of IoT in conjunction with
TAM and other external factors, and IoT with the help of TAM
and external factors [20,21].

As IoT applications become more intricate, they can
significantly impact learning. The difficulty is the IoT
technology’s quick development, which requires diverse skills
ranging from developing IoT applications to incorporating
devices into management systems that analyze device-generated
data [14,22]. Previous research has highlighted the significance
of IoT in addressing challenges students encounter when using
modern IoT apps and gadgets. Potential solutions include
focusing on computational thinking education, assisting students
in solving challenges, and providing clear instructions and
training to facilitate the integration of new students with IoT
devices and encourage training in it.

A different approach was taken in another study, where a
workshop was offered to address the importance of IoT. The
results showed that students found the workshop highly
satisfactory for learning about IoT, improving problem-solving
skills, and enhancing problem-solving capabilities, while also
finding it enjoyable [13-15].

Several outside variables, including drive, contentment, ease
of use, effectiveness, involvement, and interest, have been
investigated to explore the relationship between IoT and
students’ attitudes. The most significant factors are motivation
and enjoyment regarding IoT technology, which are essential
for its acceptance among students. While satisfaction and
performance indirectly affect the application of IoT, greater
contentment levels are not proportional to higher interactions
[18,19]. Recent studies have used qualitative and quantitative
methods to examine the uptake of IoT and have identified
favorable attitudes, ease of use, contentment, affordability, basic
knowledge, security, and privacy as crucial factors that influence
its adoption. Apart from motivation and enjoyment, training
and experience are also crucial in uptaking IoT devices, and
educational training workshops can significantly improve the
learning curve, digital learning, real-life applications, and
problem-solving skills [16,17,23].

Previous research has explored the various benefits of
implementing IoT technologies in educational settings, including
the ability for teachers to gain insight into students’performance
and knowledge levels, as well as the potential for improved
teaching quality. As a result, the use of IoT has the potential to
greatly impact learning environments, leading to a more
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advanced educational landscape. This could also lead to changes
in how we interact and collaborate as a society, as IoT
technology continues to connect us in new ways [24,25]. While
previous studies have investigated students’ attitudes toward
IoT from different angles [14,22,26], there has been limited
research on the importance of IoT technology from the
perspective of teachers’ knowledge of the significance of IoT
innovation from the educational viewpoint of instructors and
how it impacts pedagogy in the classroom. Therefore, this study
aims to address this gap by developing a model that combines
both students’ and teachers’ attitudes to examine the
effectiveness and efficiency of IoT in educational environments.
By creating a framework that incorporates the viewpoints of

learners and educators, this research intends to close this
imbalance by analyzing the usefulness and efficacy of IoT in
classrooms.

Developing Hypotheses and Theoretical Framework
The study paradigm shown in Figure 2 describes how the
inspiration for learning, technological exuberance, and
technological advancements influence learners’ perceptions of
the PU and ease of use (PE) of IoT devices. Such concepts have
not yet been looked into in relation to IoT devices and
applicability. Although earlier research has examined how these
factors may affect IoT adoption plans [27], their individual
effects on students’ attitudes toward this technology have not
been analyzed before.

Figure 2. Research model. IoT: Internet of Things.

LMT is a crucial factor impacting students’ behavior in
conventional and digital educational settings. It is an outside
variable of the suggested approach and can be influenced by
multiple factors, including the learning environment,
expectations, and social values. Research has shown that LMT
significantly impacts students’ academic achievements [28].
Students must therefore be driven to acquire knowledge in order
to achieve the suggested intended goals [29,30]. Highly
motivated learners can achieve their learning goals
spontaneously and willingly. Social cognitivism emphasizes
the significance of requirements, conducts, and ideologies in
education.

Researchers are investigating the influence of TOP and
innovation on students’ adoption of IoT in the education sector.
The study aims to understand students’ attitudes and behavior
toward technology by using 3 theoretical concepts:
inventiveness, technological exuberance, and learning incentive.
The researchers have combined the (TAM) constructs with the
aforementioned variables to accomplish their study’s objectives.
Several researchers have used the TAM model to evaluate the
effectiveness of IoT technology and its applications [31,32].
The model explains why people accept technology based on
their attitudes and beliefs and how these beliefs impact their
behavioral intention toward technology use [33,34]. It is an
established concept that supports embracing technology in
various settings and strongly links it to technological progress

[35-37]. The TAM model can forecast variables like technology
elation and inventiveness that influence how well a certain
technology is received [38,39]. TOP refers to users’ favorable
perception of technology, while technology innovativeness
(TIN) refers to users’willingness to adopt technology early and
lead to its use.

The PE and PU constructs of TAM are closely related to TOP
and TIN. In the academic setting, students’ perceptions of
technology can be influenced by their peers and instructors. If
the student’s immediate academic circle has a positive view of
a particular technology, the student will likely also develop a
favorable opinion. Similarly, tech-savvy students tend to have
a positive self-perception. Early on in the acceptance of
technology, students are usually eager to pioneer using advanced
technologies [40-44].

Furthermore, a student’s optimism about technology is linked
to their level of involvement in guiding its use. Similarly,
technological optimism can significantly impact a student’s
attitude. IoT acceptance is greater for learners who are
enthusiastic about experimenting with novel innovations.
Technological innovators infrequently perceive new innovations
as being challenging or outside their comprehension. Individuals
are more inclined to regret not having the freedom to play
around with novel technologies [45]. As a result, a number of
hypotheses are put forth:
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• H1: TOP affects positively the PE.
• H2: TOP affects positively the PU.
• H3: TIN affects positively the PE.
• H4: TIN affects positively the PU.
• H5: LMT affects positively the PU.
• H6: PE affects positively the intention to use Internet of

Things (INT).
• H7: PU affects positively the INT.

By evaluating the association between TAM and its connected
factors, this research seeks to add to a collection of current work.
It has been said that it is important to measure these variables
and analyze their relationship to TAM to assess the efficiency
of IoT in classrooms. Past research and literature have mostly
focused on preservice teachers, and there is a need to conduct
more studies involving in-service teachers to enhance the
practicality of the TAM model [46,47]. Thus, this study
investigates the correlation between teachers’ levels of TAM
and their attitudes toward IoT acceptance when working with
teachers from different fields.

Methods

Data Collection
The data collection for this study was carried out between
January 20 and March 20, 2023, throughout the academic year
2023‐2024’s winter semester, at educational institutions in
the United Arab Emirates. The research team used web-based
surveys to collect data, with 500 questionnaires randomly
distributed. Of these, 463 surveys were answered, resulting in
a response rate of 93%. Some questionnaires were rejected due
to missing values. Since a few surveys had no responses, they
were discarded, leaving 769 usable questionnaires, which is
considered an appropriate acceptable sample size according to
Krejcie and Morgan [48]. Although the sample size exceeded
the minimum requirements, the research team used SEM

SmartPLS (version 3.2.7; SmartPLS GmbH) and SPSS Statistics
(version 23; IBM Corp) to evaluate the hypotheses and confirm
the relationship between variables. It is important to note that
the hypotheses were based on previous theories related to IoT,
which formed the foundation of this study.

Ethical Considerations
Ethical considerations were meticulously adhered to throughout
the research process. All procedures involving human
participants were approved by the institutional review board of
the host universities in the United Arab Emirates
(#RAREC00065), ensuring compliance with ethical standards.
Informed consent was obtained from all participants before data
collection, and they were informed of their rights to withdraw
from the study at any time. Privacy and confidentiality were
strictly maintained, with all data being anonymized and securely
stored to prevent unauthorized access. Participants were not
compensated for their participation, as the study involved
minimal risk and was conducted as part of educational activities
within the institutions involved.

Student’s Personal Information
The demographic data of the respondents (N=463) are presented
in Table 1. The data showed that 70% (n=325) of participants
were female and 30% (n=138) were male. In terms of age, 42%
(n=193) of participants were between 18 and 29 years, 35%
(n=163) were between 30 and 39 years, 21% (n=99) were
between 40 and 49 years, and 2% (n=8) were between 50 and
59 years. Regarding education, 80% (n=372) of participants
held a bachelor's degree, 14% (n=62) held a master's degree,
and 6% (n=29) held a doctoral degree. To obtain participants'
willingness to participate, the research team used a purposive
sampling approach. The participants came from various
universities, academic levels, and programs relevant to this
research. SPSS Statistics was used to analyze the demographic
data.

Table . Demographic data of the respondents (N=463).

Value, n (%)Category

Sex

325 (70)    Female

138 (30)    Male

Age (years)

193 (42)    Between 18 and 29

163 (35)    Between 30 and 39

99 (21)    Between 40 and 49

8 (2)    Between 50 and 59

Educational qualification

372 (80)    Bachelor’s degree

62 (14)    Master’s degree

29 (6)    Doctorate
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Study Instrument
This research proposed a survey instrument for validating the
hypotheses. To assess the 6 constructs of the questionnaire, an

additional 18 questions were included in the survey. The origins
and histories of these constructs are presented in Table 2. To
make the research more relevant, the researchers modified the
questions from previous studies.
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Table . Measurement items.

SourcesInstrumentDefinitionItemsConstructs

[45]The term “technology inno-
vativeness” describes a us-

TINa •• I accept IoTb technolo-
gy to be used in my

TIN1
• TIN2

er’s perception that they are• TIN3 daily classes.
at the forefront of technolo- • I am the only one.

There is only me pre-gy use. Users who are pio-
neers in adopting new tech- pared to use IoT tech-
nologies typically do not nology among my fel-
view them as complicated low students.
or difficult to comprehend. • I am ready to use. I am

prepared to use and ex-Such users may feel a sense
of regret if they miss the periment with the latest
chance to experiment with
new technologies.

information technolo-
gies.

[2,49]A person’s readiness to use
technology is known as
technological optimism.

TOPc •• I am ready to test. Pre-
pared to take the test
IoT technology.

TOP1
• TOP2
• TOP3

• To complete my assign-
ments to finish my
homework, I will be
using IoT.

• I will learn more with
the help of my pre-
paredness to use IoT.

[50,51]The concept of learning mo-
tivation is used to measure

LMTd •• I can improve my focus
by using IoT for my

LMT1
• LMT2

daily classes.the behavioral intention to• LMT3
use technology. Motivation • Using IoT makes me

feel more confident.learning is composed of 4
key components, which are • Using IoT for study

purposes satisfies me.attention, relevance, confi-
dence, and satisfaction.
These components have
been identified in previous
studies [50,51].

[52]The TAMf was introduced
by Davis [52] as a means of

PEe •• IoT technology being
simple will polish my
skills.

PE1
• PE2
• PE3 assessing the effectiveness

• I can improve my
learning achievements

and acceptance of technolo-
gy. The model includes the

by using IoT technolo-concept of PE, which refers
gy.to the user’s perception of

• IoT is simple and easy
to use.

how effortless it is to use the
technology.

[52]Usefulness refers to PU that
the users of technology may
see.

PUg •• IoT technology will
hugely benefit me.

PU1
• PU2

• IoT will make my abil-
ities and skills better.

• PU3

• Using IoT for my daily
classes is beneficial.

[53]An individual’s view of
what others think about a

INTh •• IoT will be my go-to
for daily tasks.

INT1
• INT2

certain behavior is known as
a behavioral intention to use.

• In the future, I will be
using IoT.

• INT3

• IoT technology will be
my recommendation to
every student.

aTIN: technology innovativeness.
bIoT: Internet of Things.
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cTOP: technology optimism.
dLMT: learning motivation.
ePE: perceived ease of use.
fTAM: technology acceptance model.
gPU: perceived usefulness.
hINT: intention to use Internet of Things.

Survey Structure
The questionnaire survey given to the students has 3 sections.
Three components make up the survey that is provided to
learners: (1) personal data is the focus of the first section, (2)
the general question related to the “Intention to Use IoT” is the
second section, and (3) 15 items that deal with TIN, TOP, LMT,
PE, and PU is present in the third section.

A 5-point Likert scale was used to assess the 18 items, with
response options ranging from 1=strongly disagree to
2=disagree, 3=neutral, 4=agree, and 5=strongly agree.

Results

Data Analysis
In this study, the gathered data were analyzed using SmartPLS
(version 3.2.7) software through the partial least
squares–structural equation modeling (PLS-SEM) technique
[54-56]. The evaluation consisted of 2 stages: the measurement
model and the structural model [57,58]. PLS-SEM was selected
for this research after considering several factors.

The selection of PLS-SEM for this study was based on several
reasons. First, PLS-SEM is preferred when the study aims to
build on an existing theory [59]. Second, PLS-SEM is effective
in handling complex models in exploratory research. Third,
PLS-SEM analyzes the entire model as a single entity rather
than dividing it into components [60]. Finally, PLS-SEM allows
for the simultaneous analysis of structural and measurement
models, leading to more accurate results [61].

Convergent Validity
Hair et al [57] suggested that to assess the measurement model,
it is important to examine the construct reliability (including
Cronbach ɑ and composite reliability) and validity (including
convergent and discriminant validity). Table 3 shows that the
Cronbach ɑ readings are greater than the suggested criterion of
0.7, and vary from 0.797 to 0.858 [62], indicating good construct
reliability. Similarly, the proposed criterion is also greater than
the composite reliability numbers, which vary from 0.735 to
0.858 [63]. Factor loading and average-variance extracted (AVE)
analysis are required to evaluate convergent validity [57]. The
factor loading values in Table 3 are higher than the
recommended threshold of 0.7, and the AVE readings are greater
than the suggested limit of 0.5, spanning from 0.556 to 0.712.
These results suggest that there is convergent validity.
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Table . Convergent validity results which assures acceptable values (factor loading, CAa, CRb, Dijkstra-Henseler’s ρ ≥0.70, and AVEc >0.5).

AVECRCAFactor loadingConstructs and items

0.6080.8240.856TINd

0.723    TIN1

0.873    TIN2

0.858    TIN3

0.7010.8580.842TOPe

0.804    TOP1

0.816    TOP2

0.801    TOP3

0.7120.8510.815LMTf

0.765    LMT1

0.844    LMT2

0.758    LMT3

0.6620.7350.797PEg

0.858    PE1

0.825    PE2

0.758    PE3

0.5560.8530.858PUh

0.801    PU1

0.829    PU2

0.732    PU3

0.6120.8430.825INTi

0.812    INT1

0.721    INT2

0.749    INT3

aCA: Cronbach ɑ.
bCR: composite reliability.
cAVE: average-variance extracted.
dTIN: technology innovativeness.
eTOP: technology optimism.
fLMT: learning motivation.
gPE: perceived ease of use.
hPU: perceived usefulness.
iINT: intention to use Internet of Things.

Discriminant Validity
To assess discriminant validity, 2 criteria were recommended:
the Heterotrait-Monotrait ratio and the Fornell-Larcker criterion
[57]. According to Table 4, the Fornell-Larcker criterion is met,
as the AVE and its square root for each construct exceed its
correlation with other constructs [64]. Table 5 displays the

Heterotrait-Monotrait ratio results, which demonstrate that each
construct’s value is below the threshold value of 0.85 [65]. This
suggests that discriminant validity exists, and the measurement
model’s reliability and validity were confirmed without any
issues. As a result, the collected data can be used for analyzing
the structural model.
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Table . Fornell-Larcker scale.

INTfPUePEdLMTcTOPbTINa

—————h0.864gTIN

————0.883g0.675TOP

———0.723g0.2630.182LMT

——0.861g0.2360.2450.664PE

—0.812g0.3130.3730.2830.664PU

0.890g0.2860.4070.2750.5730.540INT

aTIN: technology innovativeness.
bTOP: technology optimism.
cLMT: learning motivation.
dPE: perceived ease of use.
ePU: perceived usefulness.
fINT: intention to use Internet of Things.
gThese values represent the square root of the average variance extracted for each construct, according to the Fornell-Larcker criterion. They are placed
diagonally to demonstrate discriminant validity. A construct should share more variance with its indicators than with other constructs (off-diagonal
correlations).
hNot applicable.

Table . Heterotrait-Monotrait ratio.

INTfPUePEdLMTcTOPbTINa

0.3360.7410.1130.4730.355—gTIN

0.5120.5790.5120.406—0.355TOP

0.0210.5590.702—0.4060.473LMT

0.3630.328—0.7020.5120.113PE

0.486—0.3280.5590.5790.741PU

—0.4860.3630.0210.5120.336INT

aTIN: technology innovativeness.
bTOP: technology optimism.
cLMT: learning motivation.
dPE: perceived ease of use.
ePU: perceived usefulness.
fINT: intention to use Internet of Things.
gNot applicable.

Hypotheses Testing Using PLS-SEM
To assess whether the theoretical constructs of the structural
model are interconnected, the study used Smart PLS with
maximum likelihood estimation to create a structural equation
model [66]. The proposed hypotheses were then analyzed using
this model. The results indicated a high level of predictive power
for the model, with 86.3% of the variance in INT being
accounted for, as shown in Figure 3 and Table 6.

Table 7 provides information on the β values, t values, and P
values of all developed hypotheses based on the findings
produced using the PLS-SEM technique. The researchers have

confirmed each hypothesis. The empirical data supported H1,
H2, H3, H4, H5, H6, and H7 following the data analysis
hypotheses. This study demonstrates that TOP and TIN have a
noteworthy influence on PE with respective regression
coefficients (β=.412, P=.04), and (β=.608, P=.002), supporting
H1 and H3. Moreover, the results indicate that PU is
significantly impacted by TOP (β=.381, P=.04), TIN (β=.557,
P=.003), and LMT (β=.752, P<.001), supporting hypotheses
H2, H4, and H5, respectively. Finally, the study reveals that the
relationship between PE and PU significantly affects INT with
respective regression coefficients (β=.619, P<.001) and (β=.598,
P<.001), supporting H6 and H7.
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Figure 3. The path coefficients of the research model. IoT: Internet of Things. *P<.05; **P<.01; ***P<.001.

Table . The R2 values for the endogenous latent variables.

ResultsR 2Construct

High0.692PEa

High0.731PUb

High0.863INTc

aPE: perceived ease of use.
bPU: perceived usefulness.
cINT: intention to use Internet of Things.

Table . Results of hypotheses testing for the research model at significance levels of .01 and .05.

DecisionDirectionP valuet test (df)PathRelationshipH

SupportedPositive.0485.552 (461)0.412TOPa -> PEbH1

SupportedPositive.044.843 (461)0.381TOP -> PUcH2

SupportedPositive.00210.247 (461)0.608TINd -> PEH3

SupportedPositive.0039.358 (461)0.557TIN -> PUH4

SupportedPositive<.00114.450 (461)0.752LMTe -> PUH5

SupportedPositive<.00116.753 (461)0.619PE -> INTfH6

SupportedPositive<.00114.195 (461)0.598PU -> INTH7

aTOP: technology optimism.
bPE: perceived ease of use.
cPU: perceived usefulness.
dTIN: technology innovativeness.
eLMT: learning motivation.
fINT: intention to use Internet of Things.

ANN Results
The predictors identified during the PLS-SEM analysis are
further investigated through ANN analysis using SPSS software.
The PLS-SEM analysis identified TIN, TOP, LMT, PE, and PU
as critical factors; therefore, ANN analysis also considers these
3 factors only. The structure of the ANN model is based on
behavioral intention as an output neuron and TIN, TOP, LMT,

PE, and PU as input neurons (Figures 4-6). ANN model
supported deep learning in all the output neuron modes through
its 2-hidden layer deep structure [67,68]. The researcher applied
the activation function of the sigmoid function to hidden
neurons, as well as output neurons, keeping the values of input
and output neurons between [0, 1]; this allowed the researcher
to obtain better performance from the research model [69,70].
He also applied the 10-fold cross-validation method to training
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and testing data in the ratio of 80:20 to ensure that there is no
overfitting in the ANN model [71]. The researcher evaluated
the root mean square of error (RMSE) to test the neural network
model for accuracy. The training data showed an RMSE value
of 0.1388 for the ANN model while the testing data showed an

RMSE value of 0.1439. The training and testing data showed
only slight variance in the RMSE values and SD values (ie,
0.0043 and 0.0096). Hence, we can infer that using the ANN
model enhances the accuracy of the research model.

Figure 4. ANN model for predicting PE. ANN: artificial neural network; PE: perceived ease of use; TIN: technology innovativeness; TOP: technology
optimism.
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Figure 5. ANN model for predicting PU. ANN: artificial neural network; LMT: learning motivation; PU: perceived usefulness; TIN: technology
innovativeness; TOP: technology optimism.
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Figure 6. ANN model for predicting INT. ANN: artificial neural network; PE: perceived ease of use; PU: perceived usefulness; INT: intention to use
Internet of Things.

Sensitivity Analysis
The researcher estimated the value of normalized importance
by comparing each predictor’s average value with the maximum
mean value depicted among all predictors stated in percentage
form. The values of normalized importance and mean
importance computed for the predictors involved in ANN
modeling are recorded in Table 8. This table also depicts the
outcomes of the sensitivity analysis which identifies the
predictor of PU to have the most significant impact on
behavioral intention; the second most significant impact was
imposed by TOP while the least impact was imposed by PE.
ANN application was additionally assessed for its accuracy and

performance by computing the goodness-of-fit for authentication
and validation of the application. The ANN application uses

goodness-of-fit just as PLS-SEM analysis uses R2 [72,73]. The
predictive powers of both the applications are compared where
ANN analysis outperforms the other one with a predictive power

of (R2=89.7%) against the PLS-SEM predictive power of

(R2=86.3%). Hence, ANN analysis can explain endogenous
constructs more effectively than PLS-SEM. Moreover, ANN
analysis is based on deep learning and has the potential to better
identify nonlinear associations among constructs which results
in variances in the predictive powers of the ANN and PLS-SEM
methods.
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Table . Independent variable importance.

Normalized importance (%)Importance

83.10.335TINa

94.80.463TOPb

77.50.361LMTc

19.20.118PEd

1000.539PUe

aTIN: technology innovativeness.
bTOP: technology optimism.
cLMT: learning motivation.
dPE: perceived ease of use.
ePU: perceived usefulness.

Importance-Performance Map Analysis
This study has used importance-performance map analysis
(IPMA) as an advanced approach in PLS-SEM, which used
behavioral intention as the main variable. As suggested by
Ringle and Sarstedt [74], a better interpretation of the results
of PLS-SEM is possible by using IPMA. A substitute way to
only test the path coefficients (ie, importance measure), the
average value of the latent constructs, and their indicators (ie,
performance measure) are also included in the IPMA [74].
According to IPMA, the total effects reflect the predecessor
factors’ importance in developing the target factor (ie, behavioral
intention), while the average of latent constructs’ values is a

reflection of their performance. The IPMA findings are reported
in Figure 7. The estimation of the importance and performance
of the 5 factors (ie, TIN, TOP, LMT, PE, and PU) has been
shown in this table. According to the findings, the PU has been
reported to have the largest values in terms of both importance
and performance measures. Furthermore, it can be clearly seen
that TIN has the second largest values in terms of both
importance and performance measures. The third largest value
was reported in the case of TOP in terms of the importance
measure; however, it has the smallest value on the performance
measure. Relatively, the opposite scenario was reported in the
case of PE, as it had the lowest value on the importance measure.

Figure 7. Importance-performance map analysis results. INT: intention to use Internet of Things; LMT: learning motivation; PE: perceived ease of
use; PU: perceived usefulness; TIN: technology innovativeness; TOP: technology optimism.

Discussion

Principal Findings
The main findings of this study indicate that the intention to
adopt IoT technologies is positively influenced by both intrinsic
motivational factors and TAM constructs. Specifically, TOP,
innovation, and LMT play crucial roles at the initial level of
influencing IoT adoption. At a secondary level, the perceived
ease of use and PU, core elements of the TAM, directly enhance
the INT technologies. Further analysis using ANNs and IPMA
highlighted PU as a particularly significant predictor of IoT use
intentions.

Based on these results, it is evident that technology features are
critical in shaping users’ PE and PU toward IoT applications
and tools. The positive influence of TOP, innovation, and LMT
is reflected across all model variables, suggesting that
well-designed technology features can significantly boost IoT
acceptance. The TAM framework effectively provides a
user-friendly experience that meets users’ value expectations
and fosters positive emotional responses, which in turn,
positively impacts their INT. Additionally, the significant
positive impact of technology features on TOP boosts users’
trust in the system’s quality, further influencing their willingness
to engage with IoT systems. The social aspect of technology
use, where familiarity influences adoption, also plays a pivotal
role in the INT features. Technology innovation contributes
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significantly to perceived ease and usefulness, enhancing trust
and satisfaction during the user experience, thus fostering a
conducive environment for IoT adoption.

The confirmation of hypotheses H1-H5 supports the proposed
conceptual model and the proposed hypotheses [75-77]. Previous
research has also produced results that are consistent with these
findings. However, other studies have shown that the lack of
sufficient security and privacy are major challenges that may
hinder the deployment of IoT in education [63,64], and to reduce
these obstacles, future efforts to implement IoT in education
must consider these factors. Although IoT has not been widely
adopted in resource-limited countries, scholars need to examine
the factors affecting its adoption to enable effective deployment.
Therefore, scholars need to investigate the use and adoption of
these technologies in other domains.

Managerial Implications
The adoption of IoT in educational settings demands that
administrators and educational leaders ensure their faculty is
proficient in using IoT technologies effectively in the classroom.
This includes competencies in handling relevant technology
tools, understanding pedagogical integration, and applying these
technologies within various teaching scenarios. To support this,
institutions should offer targeted professional development that
focuses on both the technical and educational aspects of IoT.
Additionally, management should consider the infrastructure
upgrades necessary to support IoT technologies, such as
improved wireless networks and enhanced security measures
to protect student data [78,79].

Practical Implications
The practical applications of this study highlight the necessity
for educational curricula to evolve alongside technological
advancements. Institutions offering programs in computer
science and engineering should integrate IoT courses to prepare
students for the demands of the workforce, which increasingly
relies on IoT technologies. Moreover, schools should align their
IoT strategies with real-world applications, providing students
with hands-on opportunities to work with IoT in context. This
could include partnerships with IoT companies or practical
projects that allow students to solve real problems using IoT
solutions [80,81].

Theoretical Implications
This study contributes to the academic understanding of
technology adoption by confirming the significant role of

intrinsic motivational factors and TAM constructs in the
adoption of IoT technologies. By highlighting the dual influence
of personal motivation and perceived technological attributes,
this research extends existing models of technology acceptance.
Furthermore, the use of advanced analytical methods such as
ANN and IPMA provides a deeper insight into the nonlinear
relationships among the constructs, offering a nuanced
perspective that can inform future research in technology
adoption theories. This could encourage scholars to explore
how different educational contexts or cultural backgrounds
influence the adoption and effective use of emerging
technologies like IoT [82,83].

Conclusions
IoT technology has fundamentally altered the tech and business
industries, laying the groundwork for the creation of intelligent
societies and advancing social and economic development. The
IoT has advanced quickly and significantly. The research team
developed the PE and PU frameworks for Arab customers using
path estimation and modeling of structural equations depending
on their responses to analyze individuals’ acceptance of IoT. In
addition to additional factors including technology exuberance,
advancements in technology, and academic drive, the research
additionally looked at the effects of TAM components on these
factors. These factors and TAM components were found to be
directly related to the study. According to the research, the
incentive to learn, technological advancement, and technological
positiveness all had a substantial influence on PE and PU. While
earlier research has demonstrated that TAM components affect
the motivation to use IoT, this research has investigated how
other external factors, including social factors like LMT, can
affect these constructs. The study used a conceptual model to
examine users’ attitudes toward IoT adoption, with 2 levels of
analysis. The first level focused on social attitudes, particularly
the impact of the incentive to learn as a standalone factor. The
second stage looked at how personal traits influenced
technological positivism and inventiveness, influencing
customer needs and IoT interactions. Subsequent research could
look at how individual characteristics affect incentives to learn
and look at extra technological aspects that affect IoT uptake.
Subsequent research could improve the assessment and give
more insight into the value of IoT by including mediating factors
between personal characteristics and technological attributes.
The theoretical framework could also be used with cutting-edge
technology like metaverse systems and artificial intelligence.
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Abstract

Background: Electronic health records (EHRs) offer a valuable resource for research and health care improvement. However,
public acceptance of sharing personal health data is critical to the success of such initiatives. In Germany, automatic data sharing
via EHRs will be implemented unless people opt out.

Objective: This study aims to assess the willingness of the German population to share health data via EHRs and to explore
the role of trust in influencing these attitudes.

Methods: A computer-assisted telephone interview study was conducted in December 2023, with 1004 respondents aged 18
years and older, representative of the German population. Descriptive statistics and multivariate linear regression models were
used to analyze the data.

Results: The survey shows that 43.4% (n=432) of respondents would be willing to share their health data via EHR, and a
significant 34% (n=338) remain undecided. While the population is open to adoption of the EHR for personal health issues (n=483,
53% show interest in using it), the opt-out model for data sharing is viewed critically, with 44.7% (n=438) of respondents rejecting
it. Socioeconomic status significantly influences the willingness to share data, with higher income, education, and digital literacy
being associated with greater openness to data sharing. However, trust emerged as the most significant factor. Additionally,
experiences with digital technologies increase the willingness to share personal health data.

Conclusions: The German population shows general openness toward EHRs and data sharing. Trust plays a critical role in
promoting willingness to share health data. The findings highlight challenges in Germany’s transition to an opt-out system.

(JMIR Hum Factors 2025;12:e65718)   doi:10.2196/65718

KEYWORDS

data sharing; health; citizens; electronic health record; trust; digitalization; opt-out

Introduction

Legislative Context and Research Questions
Health data stored in electronic health records (EHRs) are
considered an extremely valuable source for advancing medical
science and health care. EHRs have the potential to provide
high-quality longitudinal data from a broad spectrum of the
population. It is therefore not surprising that many countries
are implementing data-sharing options to make use of these
data. In Germany, the EHR (“elektronische Patientenakte”) was
introduced on January 1, 2021, and is available to all legally
insured persons through their health insurance company. It can
be used to store and manage medical diagnoses and treatment
data. The use of the EHR also allows control over who can view
and access data. However, by 2024, only 1%‐2% of the eligible
population have an EHR. To increase the prevalence and
benefits of the EHR, the German Bundestag passed the Digital

Act (“Digital-Gesetz”) and the Health Data Use Act
(“Gesundheitsdatennutzungsgesetz”) on December 14, 2023.
This means that starting in 2025, for all people with statutory
health insurance in Germany, an EHR will be automatically
created unless they opt out. The Health Data Use Act further
allows for the use of pseudonymized health data for research
purposes by public and private institutions by amending §303e
SGB V. That means data stored in the EHR will be available
for research purposes including commercial purposes unless
people opt out. The data will be made available through the
German Heal th  Research  Data  Center
(“Forschungsdatenzentrum”). The legislative changes mark a
paradigm shift in the way health data are handled: the creation
of electronic patient records and the sharing of health data will
be automatic unless people actively opt out. The German federal
minister of health, Karl Lauterbach, stated that the paradigm
shift will be a “gamechanger” for the development of health
[1]. The new legal framework marks a step toward digitization
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that many experts have been calling for for a long time [2]. At
the same time, the extensive and passive sharing of health data
has been criticized by various stakeholders.

This paradigm shift raises some serious questions about the
social implications. There are a number of challenges to the
“data is gold” perspective [3]. Some social scientists criticize
that digitization in health bears potential for “panoptic
surveillance” [4]. Other critics [5] have highlighted data security
issues that can harm citizens in many ways. Furthermore, the
risks, but also the opportunities to benefit from digital health,
are unevenly distributed across society. There is ample empirical
evidence of a so-called “digital divide,” meaning that people
with lower socioeconomic status have lower chances of using
digital (health) services and face higher risks [4,6,7]. The
digitization of health therefore needs to be critically monitored.
Citizens should be aware of the potential benefits as well as the
potential dangers of sharing personal health data. This becomes
even more urgent with the implementation of an opt-out
mechanism. Opt-out is an instrument of nudging [8]. It aims to
increase the use of EHRs and the acceptance of data sharing by
“choice architecture” [9]. Citizens retain their freedom of choice
but are nudged toward using the EHR. However, an opt-out
mechanism relies on informed citizens to take deliberative
action, especially when data sharing can be harmful. The policy
of choice architecture and the use of EHR data for health
research make clear that health data sharing cannot be reduced
to an individual action but must be analyzed in its social context.
It raises questions of legitimacy, social inequality, and the
diffusion of knowledge among citizens.

This paper focuses on public opinion on EHR data sharing in
Germany. It answers three research questions: (1) Is there
sufficient willingness in society to share health data that justifies
the introduction of an opt-out scheme? (2) Does the willingness
to share data differs with socioeconomic status? (3) How can
individual willingness to share EHR data be explained?

State of the Art
This section summarizes the research on data sharing and
evidence on EHR adoption. International research finds
widespread support for the idea of EHRs among citizens and
institutions in the health care sector [10-12]. However, “evidence
indicates that consumers who have been offered access to
PEHRs have not widely used them and the number of active
users has remained low” [12]. For example, a recent study shows
that in the United States, the number of active users of the EHR
is about 26% (2019), despite its increasing integration in medical
practice [13]. In Germany, until 2024, according to data from
public health insurance, less than 2% of the insured actively
requested an EHR [14]. At the same time, only about half of
the population is even aware of the EHR [15]. Several studies
have shown that interest and use of the EHR show a digital
divide. Younger and more digital literate people show a higher
probability of using EHRs, while older and low-income groups
have less often access [12,16,17]. Regarding socioeconomic
factors, lower educational and employment status, as well as
belonging to an ethnic minority, have a negative impact on
individuals’ desire to access and use EHRs [12,18].

Several studies have examined citizens’ motivations for using
EHRs. The perceived advantages and disadvantages strongly
influence the intention to use and the actual use. Key factors
here are concerns about data protection and the fear of being
discriminated by health insurers or employers on the one hand,
and the benefits of better information and experience with the
portals or providers on the other [12,19,20]. Data protection
concerns are a key factor because health issues are relevant in
many areas of daily life [10,12,19]. This can be seen directly
when respondents report fears of stigmatization as a result of
digitally disseminated health information from the EHR [21,22].
For people with chronic diseases, the balance of advantages and
disadvantages seems to be clearly in favor of the advantages.
Several studies have reported higher levels of interest in
providing data due to the hope of treatment progress [23,24].
For people with chronic diseases, there are already care
programs in place that people can benefit from, such as disease
management programs [25].

While the research literature stresses that EHRs are potentially
an important tool to transform “passive recipients of treatment
to empowered consumers” [12], the empirical findings are rather
disappointing. Several international studies have shown that the
overall use of EHRs by patients remains low [12]. Furthermore,
there is little evidence of empowerment effects [12]. Even
people who have an EHR often do not know which data are
stored in the health record and how to interpret the information
[12,26]. When users experience that they do not understand the
EHR or the information stored in it, their willingness to use it
decreases significantly [23]. Thus, we can expect a significant
gap between interest in EHRs and actual use. This gap is likely
to be even more pronounced in Germany, with its high standards
for data security and complicated routines for accessing the
EHR.

Data sharing is an essential part of EHRs. Many EHR systems
allow anonymized health data to be used for scientific research.
While this can lead to progress in the health system, there is no
clear-cut advantage for an individual sharing its data, since
anonymization makes individual feedback regarding new health
insights hard. That might be the reason, why in public discourse,
data sharing is often labeled as “data donation” [27]. Research
regarding data sharing has shown that a considerable part of the
population (often exceeding 50%) is willing to share its health
data [27-30]. There are considerable differences between
different countries. For example, the Scandinavian countries
show the highest willingness to share health data, while people
in Southern Europe are rather skeptical about it [31]. For
Germany, recent research suggests that 8 of 10 citizens are
willing to share their health data for scientific purposes
[15,32,33]. Notably, this high approval rate also seems to hold
true for the planned opt-out regulation [33]. However, these
high approval rates have to be interpreted with caution, since
limited knowledge about health data sharing is widespread and
some studies have methodological limitations. Like many other
surveys in this area, the high approval rates rely on web-based
surveys that have proven to be of less quality regarding the
research results compared to face-to-face or telephone interviews
[34]. One reason is that they show a higher tendency to produce
biased results [35]. Since there is an empirical correlation
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between digital literacy and the willingness to share health data,
the results are likely to be too optimistic. Furthermore, some
questionnaires tend to highlight the positive impacts of data
sharing and thereby inflating the approval rate (The question
of the survey conducted in Germany was [15,32]: “Assuming
that in the future your personal health data, such as your medical
history, examination results, X-ray images, etc. can be stored
online in a digital health record. Would you agree that your
personal health data is used anonymously and free of charge
for the purpose of medical research so that in the future diseases
can be better recognized and new treatments developed?” And
“At present, the use of patient data for medical research requires
the consent of patients. However, it is often difficult or even
impossible to obtain such consent. Therefore, there are
considerations in Germany to legally allow medical research
without consent on encrypted patient data after an independent
review of the research project. In return, it should be possible
for every citizen to simply object to this so-called ‘data
donation’ How would you find such a legal regulation ... for
publicly funded research?”).

Empirical studies have revealed that the willingness to share
data differs among different groups. The findings are comparable
to the overall use of EHR: among those with higher age,
educational level, and income, a higher willingness to share
data can be observed [30,36-39]. Some studies investigate
potential individual causes for the willingness to share health
data for scientific purposes. These studies find that concerns
about confidentiality breaches and data misuse are important
factors that prevent data sharing [28,29]. Unsurprisingly, privacy
protection, anonymization, and transparency have proven to be
key factors for data sharing [29,40]. Furthermore, people are
motivated by potential benefits, including more altruistic ones,
like advancements in science and public health [29,40]. Another
key factor is the use of health data. While international research
has shown relatively high public support for the secondary use
of health data, this support decreases significantly when shared
data can be used by the private sector [41-43].

Another source of insight comes from studies that focus on the
social contexts in which data are shared. They have identified
2 other relevant aspects: digital literacy and trust. Health data
sharing relies on digital tools. Therefore, people who are more
familiar with digital tools may be less reluctant to share data.
In addition, technology companies such as Google and Apple
have created many services that make use of data sharing in
everyday life. Hence, digitally literate people are more involved
in data sharing in general. In line with this argument, empirical
studies show a higher propensity to share health data among
the more digitally savvy people [36,37,40,44,45]. On a more
abstract level, it can be argued that trust plays an essential role
in health in general [46] and in data sharing in particular. Since
the sharing of data is a socially highly indeterminate
constellation for social action, trust is a crucial resource. The
risks taken by data donors as well as the potential benefits
depend strongly on other actors and can hardly be known in
advance. For example, the question of anonymizing health data
can only be answered in relation to existing knowledge and
techniques. The benefits of data sharing are particularly
uncertain because there is no guarantee of medical progress,

and even if progress does occur, it is unclear whether data
donors themselves benefit. Given these theoretical arguments,
it is not surprising that empirical studies show an important
influence of trust. They can show that trust in the institutions
involved in data sharing is relevant, as is general trust in science
[15,29,36,37,40,44,45].

Methods

Ethical Considerations
Ethics approval was obtained from the ethics department of the
German Aerospace Center (21/23) before the interviews were
conducted. Participants gave verbal informed consent to
participate in the study. Anonymized interview data were
provided to the author by the survey institute. No compensation
was given to the interviewees.

Survey Design and Sample
The analysis is based on a dedicated telephone survey
(computer-assisted telephone interview [CATI]) about health
data conducted between December 7 and 21, 2023. The sampling
was carried out by the survey institute drei.fakt (Erfurt) on behalf
of the Ernst Abbe University of Applied Sciences Jena. For the
study, a representative randomized stratified random sample
was drawn based on randomized landline and cell phone
numbers (30/70) [47]. Random landline numbers were called
based on regional quotas. The mobile phone numbers were
sampled and stratified by telephone provider. A total of 11,451
residential numbers were called. In total, 1004 respondents aged
18 years and older participated in an interview. In contrast to
many web-based surveys in this area, CATI allows people
without internet access to be able to take part in the survey. To
ensure the quality of the sample, it was compared with the
population for age, gender, and region during the field period.
Statistics from the 2019 German microcensus served as a data
basis for comparing the distribution of the sample with the
distribution of the characteristics in the population. Compared
to population statistics, the unweighted sample underrepresents
immigrants and slightly overrepresents people with higher
education. This selection bias of telephone interviews is
well-known from survey research. Therefore, all analyses use
a weighting variable in order to adequately represent the
population in terms of demographic and socioeconomic
characteristics.

Questionnaire
The questionnaire comprised 32 questions regarding various
topics about health data sharing. The questionnaire included
information on digital skills, the willingness to share personal
health data in general, motives for and against data sharing,
questions regarding trust and data protection, as well as attitudes
toward the EHR and socioeconomic characteristics. The CATI
lasted approximately 20 minutes. Most questions were based
on a 5-point Likert scale or binary response options and included
multiple response categories. The final questionnaire included
feedback from 2 separate pretests. In this pretest, the survey
instrument was tested for its practical suitability in the field and
potential misunderstandings. The full questionnaire and survey
data are available in German via the GESIS repository [47].

JMIR Hum Factors 2025 | vol. 12 | e65718 | p.712https://humanfactors.jmir.org/2025/1/e65718
(page number not for citation purposes)

WilkeJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Data Analysis
Descriptive statistics and multivariate linear regression models
are used for analysis. The dependent variable in the multivariate
regression models is the attitude toward sharing health data via
EHR. People were asked on a 5-point scale (1=yes, definitely
and 5=no, definitely not): “Would you be willing to share your
health data from your EHR anonymized for medical research
purposes?” To minimize potential misunderstandings about the
EHR, the question was preceded by a brief explanation of EHRs
(“Since January 1, 2021, all people with statutory health
insurance can use the EHR via an app of the insurance provider.
The EHR contains medical findings and information from
previous treatments.”). It is important to note that this question
is hypothetical, as only a small fraction of people actually had
an electronic personal health record at the time of the fieldwork
(see Introduction section). However, in order to measure the
willingness to share personal health information and to take
into account the new legal framework, the question was phrased
in a hypothetical manner. This makes it possible to measure the
willingness to share extensive and potentially sensitive personal
health information rather than actual planned behavior.
Therefore, the question is also analyzed for respondents without
an EHR in order to reflect overall opinions about the new
legislative approach.

Results

The first step is to analyze the approval rates for the use of the
German EHR. In general, the population is very open to the
EHR. In total, 53% (n=483) of the population who claim to
have no EHR yet show interest in using it. At the same time,
8.9% (n=89) of the sample state that they already have an EHR,
in comparison to the 1% reported in official statistics. Therefore,
it has to be assumed that some people lack a proper
understanding of the EHR (see Limitations and Further Research
Questions section). Only a minority of 17.1% (n=156) refuse

to use it. The proportion of people with no clear opinion (partly
partly or do not know) is significantly higher (n=272, 29.9%).

The legislative proposals also introduce the sharing of health
data from the EHR for research purposes, as long as individuals
do not actively object. Figure 1 summarizes whether respondents
would be willing to share their personal health data stored in
an EHR. The figure summarizes the attitudes of respondents
with and without EHR. Respondents are more cautious about
data sharing compared to the interest in using the EHR. In total,
43.4% (n=432) of respondents are willing to share their health
data (yes, definitely or rather yes). Nearly 1 in 4 (n=225, 22.6%)
respondents oppose data sharing. In addition, a large proportion
of respondents are undecided (partly or not at all or do not
know). A high interest in using the EHR corresponds empirically
with a high willingness to share health data via EHR (no figure).
The bivariate correlation is considerably large with 0.56
(Spearman).

The attitude toward health data sharing varies considerably with
the data user respondents have in mind (Figure 2). The survey
included a question regarding health data sharing with different
institutions. It has to be noted that this question did not mention
the EHR directly but addressed the willingness to share health
data more generally. While 28.7% (n=285) and 18.8% (n=186)
do not want to share data with public research institutions or
public health insurances, about 38% (n=377) object to share
their personal health data with private research institutions.

In the next step, the interest to use the EHR and the willingness
to share health data for research purposes are measured for
different socioeconomic groups. Table 1 shows the percentage
of respondents in each group who intend to use the EHR and
how many would agree with data sharing (yes and rather yes).
In addition, respondents were asked for their opinions on
different consent mechanisms. Figure 1 shows the proportion
of people who explicitly reject the opt-out procedure as it will
be introduced by law in 2025—compared to those who agree
or are undecided (do not know).

Figure 1. Opinions about the use of electronic health record (EHR) and data sharing for research purposes (in percentages). Own calculation and
weighted results for the following questions: “Would you like to use the EHR to view and manage your digital health data?” (n=911; nonresponse and
people with EHR excluded) and “Would you be willing to share your health data from your EHR anonymized for medical research purposes?” (n=995;
nonresponse excluded).
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Figure 2. Willingness to share personal health data by data user (in percentages). Own calculation, weighted results for the question, “Would you be
willing to share your health data anonymously for medical research purposes with the following institutions?” (nonresponse excluded; n=993).
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Table . Socioeconomic differences in opinions about electronic health record (EHR)a.

Disagree with opt-out, n (%)Willingness to share data of EHR,
n (%)

Intention to use EHR, n (%)

Region

372 (46.8)350 (43.2)386 (52.1)    West Germany

67 (36)82 (44.3)97 (57)    East Germany

Gender

228 (45)200 (39.1)237 (50.2)    Woman

210 (44.4)232 (47.8)245 (56)    Man

Migrant (not born in Germany)

409 (44.5)430 (46)484 (56.6)    No

25 (48.7)18 (33.5)18 (37.3)    Yes

Income quartile

57 (38.5)50 (33.4)67 (48.6)    First (<1250)

90 (38.8)104 (43.9)120 (54.4)    Second (<1833)

91 (47.3)97 (49.2)103 (56.5)    Third (<2500)

119 (48)142 (57.3)134 (61.4)    Fourth

Age (years)

121 (44)116 (41.2)120 (48.8)    18‐39

163 (49.5)140 (42.1)164 (52.7)    40‐59

154 (41.2)176 (46.5)201 (56.6)    Above 60

Educational level

70 (35.3)79 (38.6)99 (51.8)    Low

148 (40.6)172 (46.8)182 (52.9)    Medium

98 (51.9)68 (35.9)84 (49.4)    High school degree

131 (58.1)116 (50.8)118 (57.7)    University degree

438 (44.7)432 (43.4)483 (53)Total sample

980995911Total respondents, n

aOwn calculations, weighted percentages for columns 1 and 2 (share of a sample with statement yes definitely and rather yes) and column 3 (share of
a sample who disagrees opt-out) in response to the question: “The German government is planning to use data from the electronic health records for
medical research, eg, for research on new diseases and therapeutic approaches. Which of the following consents do you agree with? ... My data will be
shared until I object.” Options to answer: agree or disagree or do not know or nonresponse; nonresponse excluded; do not know is interpreted as no
interest to use EHR, not in favor of data sharing and agree with opt-out.

There are clear socioeconomic differences in interest in using
the EHR and willingness to share health data, which are similar
for both variables. The higher a person’s socioeconomic position
(like income or education), the more open respondents are to
using the EHR and sharing their personal health data for research
purposes. Older people and men also tend to be more open.
There are pronounced differences by migration status. The final
column summarizes attitudes toward the opt-out process. First
of all, it is striking that the procedure implemented by the
legislator is explicitly rejected by a significant part of the
population. In the entire sample, 44.7% (n=438) say that they
are against an opt-out. Additional analyses not presented here
show that the remaining respondents either agree (n=400,
40.8%) or have no opinion (n=142, 14.5%). Interestingly, the
opt-out model is mainly rejected by people in a higher
socioeconomic position. There are hardly any differences with

regard to the other socioeconomic variables, except for a lower
level of rejection in the eastern part of Germany. Overall, the
descriptive statistics suggest that citizens are open to EHR and
data sharing but want a high degree of autonomy in dealing
with their health data. Additional analyses not shown here
indicate that active consent is supported by over 80% (n=788)
of respondents.

In the next step, the willingness to share data via the EHR is
examined in a multivariate linear regression model (Table 2).
The dependent variable is the willingness to share personal
health data expressed on a 5-point scale (Figure 1). To prevent
an excessive reduction in the sample, people who answered “do
not know” were assigned to the “partly partly” category. The
findings presented here remain stable even with a smaller
sample. The determinants identified in the State of the Art
section are added as independent variables to the model. Special
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attention is given to the role of trust. The first model includes
socioeconomic parameters. As shown in Table 1, the
multivariate model confirms socioeconomic differences.
However, some more differentiated statements can be made.
Controlling for other parameters, there is a curvilinear
relationship between age and willingness to share. The positive
squared age term indicates that the willingness to share is highest
among the very young and the very old. The willingness to share
is lowest among people in their 50s. On a 5-point scale, their
willingness is about 0.5 points lower than that of 20-year-old
people. Income has a positive significant influence on
willingness to share, which confirms the descriptive findings.
The level of education also has an influence. However, when
controlling for income, medium levels of education are
associated with the highest willingness to share. Women and
people born abroad show no different opinion regarding health
data sharing after controlling for income and education. The
model also includes a dummy variable indicating the presence
of chronic diseases. On the one hand, people with chronic
diseases may be at a higher risk of data misuse, but on the other
hand, they may be more likely to benefit from digitally
supported medical progress. In fact, interest in sharing data
appears to be 0.2 points higher for people with chronic physical
diseases.

The second model adds comfort with digital technologies. As
in comparable studies from other countries, there are significant
effects. People who find it easy to use digital technology are

more open to sharing their health data. However, the effect
disappears when the trust variables are included (model 3). Trust
turns out to be a very strong influencing factor. Trust in science
has the strongest influence. This is particularly noteworthy
because the trust indicator does not specifically address the
EHR or the institutions behind it but science as a whole.
Controlling for socioeconomic parameters, a person who
mistrusts the scientific system has a willingness to share that is
more than 2 points lower on a scale of 5 than a person who fully
trusts the scientific system. In addition, trust in the big
technology firms also has a highly significant influence on the
hypothesized direction. The strong influence of trust can be
seen directly in the sharp increase in the fit of the model (R²).
The model also includes a proxy for altruistic tendencies in the
form of a general willingness to donate (eg, money). The dummy
for people who donate on a regular basis is significant. In the
last model, motivations and concerns that may be associated
with data sharing were included. However, the last model should
be interpreted with caution. Because the wording of the
questions in the independent variables refers to data sharing,
the coefficients may be biased by self-reference (eg, if you care
about doing good for society by sharing your data, you will
more be willing to share). Nevertheless, the coefficients provide
important clues about the motives that drive data sharing. The
multivariate results show an interplay between altruistic motives
(doing good for society) and cost-benefit considerations
(potential benefits for personal and fear of data breaches that
expose personal health data to the public).
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Table . Willingness to share data of electronic health record for research purposes—linear regression modela.

Model 4 (n=828)Model 3 (n=828)Model 2 (n=828)Model 1 (n=828)

P valueCoefficientP valueCoefficientP valueCoefficientP valueCoefficient

.83−0.0431.92−0.0190.54−0.116.57−0.110Migrant (0/1b)

Gender (reference=woman and 1 nonbinary person)

.070.140.240.0947.190.120.090.153    Man (0/1)

.38−0.0133.11−0.0254.002−0.0543c.002−0.0530cAge (years)

.270.000163.060.000293.0010.000542c.0020.000515cAge² (years)

Educational level (reference=medium)

.13−0.151.08−0.184.07−0.217.05−0.233    Low (0/1)

.03−0.251d.01−0.319c.01−0.326d.02−0.321d    High school
(0/1)

.95−0.00558.83−0.0246.93−0.0100.980.00286    University
(0/1)

.0010.000116f<.0010.000136f.0020.000128c.0020.000130cIncomee

.310.0804.190.118.030.206d.030.201dChronic dis-
ease (0/1)

.96−0.00517.730.0441.540.0855.560.0810Mental illness
(0/1)

.42−0.0940.07−0.235.09−0.229——hRare internet

use (0/1)g

.330.0379.420.0330.020.107d——Digital open-

nessi

Trust in ...j

<.0010.191f<.0010.417f————    Sciences

.020.0948d<.0010.181f————    Big technol-
ogy compa-
nies

.540.0474.0260.183d————Donate regular-

ly (0/1)k

Motives for data sharing

<.0010.206f——————    Doing good

for societyl

<.0010.293f——————    Improve my

healthm

.007−0.206c——————    Afraid of
data breach

(0/1)n

.190.571.0021.448c<.0013.927f<.0014.307fConstant

aOwn calculations, weighted results. Model 1: R2=0.059; model 2: R2=0.072; model 3: R2=0.270; and model 4: R2=0.430.
b0/1 points to dummy variables.
cP<.01.
dP<.05.
eNet household equivalence income, imputed (5 times).
fP<.001.
gOnce a week or less.
hNot applicable; regression model with fewer covariates.
iUsing digital hardware and software feels easy for me (1.5=agree totally).
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jTrust (1.5=trust totally) in technology companies like Google, Facebook, Apple or in sciences.
kDonate for charity on a regular basis (monthly or yearly).
lSubjective importance that with data sharing I am doing good for society (1.5=very important).
mSubjective importance that with data sharing I profit regarding my personal health.
nI am worried that my data will be made public (0=disagree or 1=agree 1).

Discussion

Principal Findings
The results of this study shed light on attitudes toward the use
and sharing of EHRs for research purposes in Germany,
particularly in the context of the new legislation based on the
opt-out mechanism. Overall, the study reveals a nuanced picture
of the German population’s attitudes. The empirical results
show an openness to EHRs (about half of the nonusers express
a desire to use their EHR, signaling significant potential for
increased adoption). At the same time, a significant share of the
population remains skeptical or undecided. The overall openness
is in line with international research regarding interest in EHR
[12]. Given these high levels of interest, the introduction of an
opt-out model does not seem unjustified. However, especially
a large fraction of undecided people need to be properly
informed about the consequences of having their health data
stored electronically. While there is general support for sharing
health data, with 43.4% (n=432) of respondents indicating a
willingness to do so, a significant portion (n=225, 22.6%) remain
opposed, and a large number are undecided. The results indicate
a significantly lower willingness to share health data than has
been measured in comparable studies in Germany [15,33].
Possible explanations for these differences are (1) different
timing: other studies collected their data at a time when there
was no legal framework for health data sharing and therefore
risks, etc, had not yet been widely discussed in public. (2)
Methodological: this study is based upon a telephone survey
rather than web-based and explicitly allows people to have no
specific attitude by including categories like refuse to answer,
do not know, and neither nor. Last but not least, the
comparatively low willingness to share health data in this study
compared to international research [27,28] may be due to the
emphasis on the personal character of the data potentially shared.
The ambivalent results highlight the need for careful
consideration of how the opt-out mechanism is implemented
and communicated. Although there is openness in principle,
“soft paternalism” must be viewed critically precisely because
of the high proportion of undecided citizens. In contrast to the
principle of informed consent, in which the processes and risks
of data sharing have to be explained before citizens allow data
sharing, an opt-out solution presupposes that the population is
sufficiently informed in other ways. This becomes even more
clear after considering attitudes toward the opt-out mechanism,
which 44.7% (n=438) disapprove. Especially people who are
positive about EHRs and the sharing of their health data reject
the opt-out mechanism proposed by the legislator more often.
Presumably, “choice architecture” is seen as too much
interference in their own decisions.

The study also confirms a digital divide, as socioeconomic
factors significantly influence both the willingness to use EHRs
and the willingness to share personal health data. The results

are in line with international research findings [16,30]. Higher
income, education, and digital literacy are associated with
greater openness, while those with lower socioeconomic status
are more reluctant. However, socioeconomic factors are not the
most important in explaining openness to data sharing. Trust
plays a critical role in determining the willingness to share health
information. While other studies have pointed to the role of
trust as a significant factor [15,40,44,45], this study shows that
institutional trust has a decisive influence compared to other
factors. The influence of socioeconomic variables, as well as
other factors such as digital literacy, diminishes when trust
variables are taken into account, highlighting trust as a
fundamental element in the acceptance of digital health
initiatives. The observed socioeconomic disparities reinforce
the need for targeted interventions and information to ensure
equitable access and participation in digital health.

Policy Implications
The paradigm shift to an opt-out system is expected to increase
participation rates because it relies on passive inclusion rather
than active consent. However, this comes at the cost of
potentially creating a population of uninformed and passive
citizens who are enrolled in the system without fully
understanding the implications. This raises critical concerns
about consumer autonomy and challenges the notion of the
autonomous consumer who actively engages with—and consents
to—data-sharing practices. With a large portion of the
population still undecided about EHR adoption and data sharing,
the need for population-wide education becomes even more
apparent. Ideally, all citizens, regardless of their socioeconomic
background, should be able to make informed and autonomous
decisions about their participation. The study also shows the
complex mechanisms of the digital divide, with those in higher
socioeconomic positions being more open to the adoption of
EHRs but also more likely to oppose the opt-out system. This
suggests that the paradigm shift is perceived as a restriction of
autonomy. Those with greater resources and digital literacy
want to make informed choices and therefore resist mechanisms
that limit their freedom of choice. While those with greater
resources are likely to be able to opt out if they perceive the
risks of data sharing to be too high, they could trigger serious
political resistance to the opt-out mechanism. In contrast,
individuals with lower socioeconomic status may be less able
to navigate these systems and therefore are more vulnerable to
passive inclusion.

The transition to an opt-out system for EHRs in Germany marks
a significant policy shift with the potential to transform the
health sector. However, for this shift to be successful, it is
essential to address the underlying concerns of the population,
particularly around data security, autonomy, and the digital
divide. Continuous monitoring of the implementation of the
opt-out system will be crucial to keep and build trust within the
population.
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Limitations and Further Research Questions
In contrast to web-based surveys, which are often used in EHR
research, the CATI method used here avoids many problems of
self-reporting, sample bias, and inference [48,49]. However,
the quality of data collected through telephone interviews also
experiences low response rates. It seems highly plausible that
nonresponse is not random. People with lower levels of trust
and willingness are supposedly less likely to participate in the
survey. Thus, despite the weighting procedure applied, the
sample may be biased toward more trusting people. This
problem is common to other data used in comparable research.

Another limitation concerns the correct understanding of the
EHR in Germany. During the field phase, little more than 1%
of the insured population opted for the EHR. It is possible that
many respondents do not have a proper understanding of the
EHR or have no knowledge at all. The survey provides some
evidence in this direction. A question about knowledge of the
EHR reveals that 13.9% (n=139) have never heard of it. For
this group, the evaluation of data sharing is probably less
substantiated. However, at the same time, a large fraction says
that they have heard of the EHR (n=720, 71.7%) or even use it
(n=89, 8.9%). On the one hand, these results support the
assertion that a large proportion of the sample has a basic
understanding of the EHR. During the field phase, there was
also an extensive media discourse about the EHR, as the
Gesundheitsdatennutzungsgesetz was being discussed in
parliament in December 2023. On the other hand, the

self-reported use of the EHR does not match the official
statistics. Some respondents probably confused the EHR with
other apps provided by their health insurance. This problem of
overreporting has also been observed in other studies [15].

The study focuses on the interest in using the EHR and the
willingness to share health data. At the time of the field phase,
EHR adoption was very low, and a legal framework for health
information exchange was in its formative stages. Research has
already shown that there is a gap between attitudes and actual
behavior [12,42]. So the results have to be interpreted with some
caution. In addition, the high proportion of undecided
respondents indicates that reported attitudes are not very salient
and therefore susceptible to survey effects. However, other
studies share this disadvantage. Moreover, the consequences of
limited interest in EHR do not only affect surveys but also have
far-reaching practical implications, especially when using
opt-out regulations.

Future research should focus on the gap between interest in
using the EHR and actual behavior. With a focus on Germany,
the potential burdens of adoption should be analyzed in more
detail. With regard to trust, the potential ways to build trust
within the health care system without relying too much on
general institutional trust also point to new research directions.
Furthermore, there are interesting research questions regarding
self-responsibility in a system that becomes largely based on
passive consent (opt-out).
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Abstract

Background: Cases of the occupational lung disease silicosis have been identified in workers processing artificial stone in the
stone benchtop industry (SBI). In the Australian state of Victoria, the Regulator commissioned a screening program for all workers
in this industry.

Objective: To facilitate systematic data collection, including high-quality exposure assessment, an electronic data capture tool
(EDCT) was developed.

Methods: A multidisciplinary team developed an EDCT using Research Electronic Data Capture (REDCap; Vanderbilt
University). The needs of the EDCT were (1) data entry by multiple clinicians and the workers attending for screening and (2)
systematic collection of data for clinical and research purposes. The comprehensibility and utility of the tool were investigated
with a sample of workers, and the EDCT was subsequently refined.

Results: The EDCT was used in clinical practice, with capacity for data extraction for research. Testing of comprehension and
utility was undertaken with 15 workers, and the refined version of the Occupational Silica Exposure Assessment Tool (OSEAT)
was subsequently developed.

Conclusions: The refined OSEAT has been determined to be comprehensible to workers and capable of collecting exposure
data suitable for assessment of risk of silicosis. It was developed for workers in the SBI in Australia and is adaptable, including
translation into other languages. It can also be modified for SBI workers in other countries and for use by workers from other
industries (mining, construction) at risk of silica exposure, including in lower-income settings.

(JMIR Hum Factors 2025;12:e64111)   doi:10.2196/64111

KEYWORDS

silicosis; occupational history; electronic data capture tool (EDCT); REDCap; occupational respiratory screening; occupational
hazard; exposure; silica; fibrotic lung disease; lung disease; respirable crystalline silica; mining; construction; workers; occupational
lung disease; occupational; Australia; screening

Introduction

Silicosis is an incurable, potentially life-threatening, form of
fibrotic lung disease caused by inhalation of respirable
crystalline silica (RCS) [1]. The disease has been recognized
globally for over 100 years, and lung disease screening is
recommended for high-risk industries, including mining and
construction [2]. Cases of silicosis were identified in 2010

among workers in the stone benchtop (countertop) industry
(SBI) working with artificial stone (AS; Textbox 1) [3-12].
Subsequently, a number of cases of artificial stone-associated
silicosis were diagnosed in Australia [3,13]. AS has a very high
crystalline silica content, often over 90% [14]. Processing AS
by drilling, polishing, cutting, or grinding generates fine particles
of dust containing RCS, which can cause silicosis when inhaled
[15].
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Textbox 1. Timeline of artificial stone (AS) and silicosis in Australia

Early 2000s: AS introduced to Australia

2010: First case of silicosis associated with AS reported in Italy

2015: First case of silicosis associated with AS reported in Australia (conference abstract)

2017: First case of silicosis associated with AS reported in Australia

2019: Screening program of stone benchtop industry workers begins in Victoria, Australia (paper-based data collection)

2021: Screening program first incorporates electronic data capture tool (EDCT)

2021-2023: Refinement of EDCT informed by data cleaning and evaluation study with workers

An investigation of the effects of RCS exposure in the SBI was
commissioned by the Victorian regulator, WorkSafe Victoria
[16], and developed into a screening program by Monash
University. It included (1) exposure assessment from a detailed
occupational history; (2) collection of respiratory symptoms;
(3) recording of investigations including spirometry, chest x-ray,
and high-resolution CT of the chest; (4) screening for
comorbidities associated with silica exposure, including
autoimmune diseases and tuberculosis [4,17]; and (5) a mental
health instrument.

The initial paper-based questionnaire was developed by a
multidisciplinary team, including respiratory physicians, an
occupational hygienist, and occupational physicians [16].
Simplicity was prioritized, as many industry workers were born
outside Australia and spoke English as an additional language
[18].

Up to 6 jobs in the SBI could be recorded in the occupational
history. The proportion of time spent on specified tasks in each
job and the proportion of time spent on dry cutting of stone and
working near someone doing dry cutting were recorded.
Exposure control measures (ventilation and respirator use) were
identified for each job. Other information collected included
the country, start and (if relevant) finish date; days per week
worked; number of people in the organization; and type of stone
predominantly worked with (AS or natural stone). Other
silica-associated occupations (eg, mining, quarrying) and any
non-occupational activities that involved dust exposure
(including hobbies and home repairs, eg, tiling, plastering) were
also recorded.

Data were collected from multiple users, including respiratory
physicians, multidisciplinary team, workers, and administrative
staff, and capture all the elements listed earlier. The data were
cleaned and entered into an electronic data capture tool (EDCT)
held on the secure REDCap platform [19,20]. The data were
used for both clinical and research purposes. In 2021, screening

was centralized and carried out at a single site, which led to a
need for direct data entry to the EDCT by the worker.

Exposure calculations from the occupational data have been
used to identify roles within the SBI with greater RCS exposure,
such as factory machinists and installers, and that exposure
intensity and cumulative exposure were associated with dyspnea
and radiological abnormalities consistent with silicosis [21].
The screening program data has also been used to describe the
numbers of cases of silicosis diagnosed to date [18], the rates
and determinants of psychological distress, and the psychometric
properties of the mental health instrument [22,23].

The aim of this study was to describe the development of the
EDCT, present its refined content, and describe the results of
an audit of its clinical utility undertaken with a sample of
workers.

Methods

Overview
The original team reviewed the exposure questionnaire, which
overall had been well understood, and identified items that
required substantial data cleaning. The team redeveloped the
questions, which included, for example, adding illustrations of
dry and wet cutting examples and the types of respirator and
ventilation options that were sourced from workplace health
and safety organizations [24-26]. Further, additional optional
responses were added from free text replies, for example, water
jet cutting.

In the first draft questionnaire, participants were asked to
apportion their tasks (Figure 1).

The percentages seldom added to 100%, as shown in the
example in Figure 1, so in the revised questionnaire, a sliding
bar was provided that provided visual input of the proportions
(Figure 2). A pop-up trigger was included if the task proportions
were out of range, as shown in Figure 2.
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Figure 1. Original paper questionnaire asking workers to estimate proportions of work time spent doing specific tasks in their workplace. CNC:
Computer Numerical Control____.

Figure 2. EDCT (electronic data capture tool) version of the task estimation section of the occupational history with a total that adds to a proportion
of >100% of the time and the warning message provided to the worker.

Prior to attending for screening, workers were emailed a link
to the EDCT containing the revised questions in order to
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complete their occupational history. The final page completed
by workers included optional electronic consent for sharing data
with Monash University.

Other data collected during screening included medical history,
smoking status, respiratory symptoms, physical examination
findings, diagnosis, return-to-work assessment, and results of
all relevant investigations, including chest x-ray, high-resolution
CT, pathology, and spirometry.

In 2023, an investigation of the comprehensibility, feasibility,
and face validity of the occupational history section of the EDCT
was completed with workers.

A total of 15 workers participated in the investigation, which
was conducted between February and May 2023. Workers were
interviewed about their responses on the EDCT, using a
pre-developed proforma to prompt feedback. They were asked:
“Were there any words you did not know?” “Did you understand
what was meant by ‘dry work’” “Are there any other tasks in
your workplace that expose you to dust?” and “Did the list of
ventilation options include what you use in your workplace?”
For all questions, respondents could reply yes or no and provide

additional comments. If a worker reported no dry cutting in
their current or most recent job but had exposure to dry cutting
from previous jobs, they were asked to respond to questions
referring to their former job.

Ethical Considerations
Workers were eligible to participate if they had completed their
occupational history using the EDCT, did not require an
interpreter for their appointment, and had provided electronic
consent to share data with Monash University. All participants
were provided with a written information sheet and asked to
provide verbal consent for participation. Responses were
deidentified, and workers did not receive compensation for their
participation. Approval was granted by the Alfred Hospital
Research Ethics Committee as a substudy of project 292/21.

Results

The demographics of the workers are presented in Table 1. Most
participants were male, and they covered a range of ages and
years of employment in the SBI. They included machinists,
installers, and office workers.

Table . Demographics of participants.

ValuesCharacteristics

14 (93)Males, n (%)

38.1 (10.9)Age (years), mean (SD)

9.6 (7.85)Years in stone benchtop industry, mean (SD)

5 (33)Born in Australia, n (%)

6 (40)Language other than English spoken at home, n (%)

Most recent SBI job held, n

3Director

4Installer

5Stonemason

2Foreman

1Other

All participants were asked to report about their comprehension
of an introductory statement, and one worker commented that
it took a while to read and understand, and did not feel like he
understood it fully. All workers reported that they comprehended
what was meant by “dry work.” When asked about tasks that
exposed them to dust that were not already listed on the EDCT,
2 workers identified new relevant tasks: emptying bins
containing benchtop fragments and cleaning of the final
benchtop product, onto which the dust-containing water used
in wet cutting had dried. In total, 4 workers reported that their
ventilation option was not included in the list on the EDCT, nor
was it pictured. However, after discussion, the alternative
options they were describing were “air conditioning,” “garage
door,” “no ventilation,” and “ventilation in the wall,” all of
which were listed.

For respirators, 14 workers identified the type they used from
the descriptions and pictures in the EDCT, and the only worker
that did not see their device described use of one similar to that

depicted. Of 8 workers who were asked if they could easily
remember and estimate the percentage of time they spent
wearing a respirator, 7 responded in the affirmative. One worker
had worn his respirator for 6 hours out of an 8-hour shift
(approximately 75%), but had estimated that he wore it for 35%
of the day. One worker commented that he wore his respirator
all day, regardless of the task, whilst another pointed out that
each job was different, with some jobs being “perfect” (ie, not
requiring any adjustments), whereas others required adjustments
onsite, adding to the difficulty of responding to this question
accurately.

If a worker reported dry cutting in their current job, they were
asked whether or not practices around dry cutting had changed
(this was because dry cutting without suitable protection had
been officially banned recently in Australia). Of the 11 workers
who completed this question, 10 understood the question and
were able to complete it accurately, but one worker expressed
some confusion around the wording of the question. Workers

JMIR Hum Factors 2025 | vol. 12 | e64111 | p.726https://humanfactors.jmir.org/2025/1/e64111
(page number not for citation purposes)

Hore-Lacy et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


also described measures other than ventilation and respirators
that their employer had introduced including changing clothes
at work and using water systems for dust suppression when
loading stone.

Subsequently, modifications were made to improve accessibility
for the workers: simplification of the language used in
descriptive statements and instructions, modification of the

color scheme to improve readability, and addition of commonly
reported responses (eg, “home maintenance,” “tiling,” and
“plastering”) as a prompt on the non-occupational (eg, hobby)
dust exposure history section. One of the simplified statements
was an introductory statement that defined “dry work” (Figure
3). An image accompanied the text with examples of dry and
wet cutting [26]:

Figure 3. Refined EDCT for clarification of the definition of dry work.

The current version of the Occupational Silica Exposure
Assessment Tool from the EDCT is presented in Multimedia
Appendix 1.

Discussion

Principal Findings
Since 2019, over 1000 SBI workers have undergone screening
for silicosis in Victoria, Australia, through a protocolized
screening program. In this study, we described the development
of the screening questionnaire into an EDCT, the Occupational
Silica Exposure Assessment Tool, and have described how it
was refined as a result of our experiences and after assessment
of its acceptability and comprehension among this worker
population. The results of the investigation suggested that the
usability and comprehension of the refined EDCT are acceptable
among English-speaking workers.

The benefits of EDCTs for improving patient care [27];
improving accuracy of data collection compared to paper
methods [28]; and facilitating data collection from multiple
users, including patients and health care providers [29], have
been established in many settings. Moreover, EDCTs are able
to capture and retain large volumes of data, maximizing cost-
and time-efficiency in clinical and research settings [29,30]. As
demonstrated, the development of this EDCT has already
provided all of these benefits and enabled us to create a
streamlined and efficient screening program for workers in the
artificial stone benchtop industry.

Benchtops made from AS are a popular kitchen product globally,
and there are concerns that cases of silicosis among workers
who produce them are underreported in the literature [31,32].
Globally, silica deaths were estimated to be more than 12.9
thousand in 2019 [33], and the highest rates were recorded in
low- and middle-income countries [33,34]. Silicosis has been
seen in a range of industries, including construction, jewelry
production, quarrying, tunneling, dental material manufacturing,
denim jean production, and ceramic and pottery manufacturing
[35]. There is therefore an urgent need for occupational
screening for large numbers of workers exposed to RCS, for
which reliable instruments are needed. The Occupational Silica
Exposure Assessment Tool can be deployed in settings in which

workers are exposed to RCS, whether for workers in the SBI
or modified for other occupational settings.

In addition to assessing SBI workers at risk of silicosis, the data
collected from the Occupational Silica Exposure Assessment
Tool (OSEAT) can be used to estimate an individual’s level of
RCS exposure. In previous work, occupational history data
collected using the OSEAT were used to group SBI workers by
extent of silica exposure, using a combination of the proportion
of time working with AS and the proportion of time spent dry
cutting [21]. Both cumulative exposure and exposure intensity
were found to be associated with symptoms of dyspnea and
chest x-ray abnormalities [21]. This illustrates the ready utility
of having added the e-consent function to the EDCT within
REDCap, facilitating extracting data from the OSEAT to use
for research purposes.

One consideration when introducing a REDCap-based EDCT
in a clinical setting is its reliance on workers having adequate
internet connection. This has been a limiting factor for the
utilization of similar instruments, in which open-source software
that was not reliant on internet connection was preferred [28,36].
In some resource-poor settings, REDCap was the preferred
platform [37,38], and REDCap has now developed a mobile
app that can be used offline that may overcome internet
connection limitations [20].

A limitation of this study was the small number of workers
included, none of whom required interpreters. Its
comprehensibility is therefore unknown among those who
require interpreters. Furthermore, these workers were recruited
consecutively and recently from the clinic and consequently are
not necessarily representative of the wider workforce. Another
limitation was that the original instrument was not co-designed
with consumers (workers in the SBI), something that we
addressed in this study. We were unable to investigate floor or
ceiling effects within the scope of this work, which would be a
necessary step if the tool is to be used in translated versions.

A strength of the OSEAT is that it has been used and improved
for close to 3 years with demonstrably good comprehension by
SBI workers.

Future development of the OSEAT will include its translation
into other languages using the REDCap multilanguage module.
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The commonest languages other than English among the
workers attending screening at our center have been Vietnamese,
Persian, Chinese, and Arabic, and are therefore a priority for
translation and inclusion into the module.

Conclusions

This study has presented the development, comprehension,
utility, and refinement of the OSEAT, a purpose-built EDCT
for use among SBI workers undergoing assessment for silicosis
that included input from workers and has the capacity for
modification and use within other silica-exposed occupational
settings.
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Abstract

Background: A smart medication dispenser called “spencer” is a novel generator of longitudinal survey data. The patients
dispensing medication act as a survey panel and respond to questions about quality of life and patient-reported outcomes.

Objectives: Our goal was to evaluate panel persistency, survey response rates, reliability, and validity of surveys administered
via spencer to 4138 polychronic patients residing in the United States and Canada.

Methods: Patients in a Canadian health care provider’s program were included if they were dispensing via spencer in the June
2021 to February 2024 time frame and consented to have their data used for research. Panel persistency was estimated via discrete
survival methods for 2 years and survey response rates were computed for 1 year. Patients were grouped by mean response rates
in the 12th month (<90% vs ≥90%) to observe differential response rate trends. For reliability and validity, we used a spencer
question about recent falls with ternary responses value-coded −1, 0, and 1. For reliability, we computed Pearson correlation
between mean scores over 2 years of survey responses, and transitions between mean score intervals of [0, 0.5), [−0.5, 0.5), and
[0.5, 1]. For validity, we measured the association between the falls question and known factors influencing fall risk: age, biological
sex, quality of life, physical and emotional health, and use of selective serotonin reuptake inhibitors or serotonin-norepinephrine
reuptake inhibitors, using repeated-measures regression for covariates and Kendall τ for concomitant spencer questions.

Results: From 4138 patients, dispenser persistency was 68.3% (95% CI 66.8%‐69.8%) at 1 year and 51% (95% CI 49%‐53%)
at 2 years. Within the cohort observed beyond 1 year, 82.3% (1508/1832) kept surveys enabled through the 12th month with a
mean response rate of 84.1% (SD 26.4%). The large SD was apparent in the subgroup analysis, where a responder versus
nonresponder dichotomy was observed. For 234 patients with ≥5 fall risk responses in each of the first 2 years, the Pearson
correlation estimate between yearly mean scores was 0.723 (95% CI 0.630‐0.798). For mean score intervals [0, 0.5), [−0.5,
0.5), and [0.5, 1], self-transitions were the most common, with 59.8% (140/234) of patients starting and staying in [0.5, 1]. Fall
risk responses were not significantly associated with sex (P=.66) or age (P=.76) but significantly related to selective serotonin
reuptake inhibitor or serotonin-norepinephrine reuptake inhibitor usage, quality of life, depressive symptoms, physical health,
disability, and trips to the emergency room (P<.001).

Conclusions: A smart medication dispenser, spencer, generated years of longitudinal survey data from patients in their homes.
Panel attrition was low, and patients continued to respond at high rates. A fall risk measure derived from the survey data showed
evidence of reliability and validity. An alternative to web-based panels, spencer is a promising tool for generating patient real-world
data.

(JMIR Hum Factors 2025;12:e60438)   doi:10.2196/60438

KEYWORDS

real-world data; real-world evidence; patient-reported outcomes; longitudinal studies; survey methods

Introduction

Background
The use of patient data collected in real-world settings has never
been more impactful. The US Food and Drug Administration’s
Real-World Evidence (RWE) Program has elevated real-world

data (RWD) as a tool to support new indications for already
approved drugs [1-3], the European Medicines Agency has
published their RWE framework [4], and Canada’s Drug and
Health Technology Agency has published their guidance
document [5].
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RWD may take the form of claims records, electronic health
records, registries, or patient-generated data, with
patient-reported outcomes (PROs) as an important subset.
Longitudinal surveys, where patients are surveyed at 2 or more
points in time, generate data that allow for the analysis of
within-unit change as well as aggregations over time [6]. This
results in greater “causal leverage” than cross-sectional surveys
[7] and is ideal for submissions to regulatory bodies.

Web-based panels, or “registered persons who have agreed to
take part in online studies on a regular basis,” rose in
attractiveness with the proliferation of the web [8]. Recently,
however, shortcomings of longitudinal studies based on
web-based panels have undermined their reputation as a
high-quality data source. Panel attrition, where subjects in earlier
waves cease to respond in later waves, has become worse since
the 1990s [7,9-11]. While web-based panel data are also prone
to quality problems (eg, false answers, careless responses, and
multiple panel memberships [12]), these problems have been
exacerbated by innovations in automation and improvements
in large language models, where human reviewers are unable
to consistently detect automated responses [13]. This has become
a corrupting force in web-based survey sampling [14].

Amazon Mechanical Turk (MTurk) was considered a
representative and convenient source of web-based longitudinal
survey data [15] but has seen its reputation deteriorate within
the last decade. For example, a study that used MTurk to build
a diabetes panel failed after only 5.8% (13/224) were deemed
eligible for future survey research [16]. Researchers noted
declines in MTurk data quality starting around summer 2018,
as evidenced by degraded psychometric properties of
well-understood metrics [17]. A warning was issued in the

journal Perspectives on Psychological Science after an exercise
revealed that only 2.6% (14/529) of MTurk samples were valid
[18].

Alternatives to web-based panels exist in populations of patients
using web-connected hardware, also known as “smart” products.
One interesting subset is the population of patients using smart
medication dispensers, as these products sit in the home amidst
a public health need for digital adherence solutions [19]. A 2023
review of smart medication adherence products reviewed the
features of 51 products without mention of survey administration
capabilities [20]. One of these products, a dispenser named
“spencer” [21,22] (manufactured by Spencer Health Solutions,
Inc), has a touch screen display that allows it to administer
survey questions following on-time medication dispenses
(Figure 1).

At the time of writing, in-home spencer devices have generated
more than 3 million longitudinal responses from more than 4000
unique patients to quality of life and PRO measures from a
polychronic population residing in the United States and Canada.
These are patients of Canadian health care provider Custom
Health, Inc, a company offering “a personalized, connected
service that goes beyond medication management and ensures
medications are working as they should” [23]. Patients or
caregivers can express interest directly via a collection of
sign-up forms [24,25] or they may be directed to spencer via
their health plans that have partnered with Custom Health [26].
When a health plan partners with Custom Health, their services
are provided to members “who require a high degree of clinical
oversight, those managing multiple medications or those
experiencing medication adherence challenges” [27].
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Figure 1. Key components of the spencer smart medication dispenser.
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Objectives
The study’s aim was to evaluate the spencer smart medication
dispenser as a longitudinal survey platform for a polychronic
patient population. Panel persistency, survey response rates,
and measurement reliability and validity were assessed.

Methods

Recruitment
Patients of Custom Health were included if they met the criteria
enumerated in Textbox 1.

Textbox 1. Inclusion criteria for patients in the study.

1. The patient entered Custom Health’s intake process either by self-selection or based on the recommendation of a health care provider.

2. Custom Health professionals decided to pair the patient with a spencer smart medication dispenser.

3. The patient agreed to the Custom Health consent form.

4. The patient agreed to the Spencer Health Solutions End User License Agreement, permitting his or her deidentified data to be used for research
purposes. This occurred on the spencer unit’s touch screen.

5. The patient’s first scheduled medication dose was between June 3, 2021, and February 14, 2024.

6. The patient dispensed a medication dose by March 14, 2024. In this paper, dispensing medication refers to dispensing multidose packs containing
oral solids.

After completing Custom Health’s intake process, spencer
devices were shipped to patients’ homes. Once set up, the
devices displayed both current local time and the scheduled
time of the next medication dispense via a touch screen display.
Refills containing medication strips (multidose adherence
packaging) prepared by a pharmacy were shipped to the patients’
homes and were inserted by the patient or care nurse into the
top of the unit via an electronically controlled door. At scheduled
dosing times, the unit alerted the patient through sound, light,
and a message on the touch screen display. After the patient
pressed the dispense button on the touch screen, the unit
dispensed 1 or more medication pouches. After an on-time
dispense, a question was presented to those patients who had
not explicitly opted out of surveys.

Data Generation and Processing
The question and response mechanism is further elaborated
here. If a dose was dispensed on time and the patient had not
opted out of surveys, 1 question was displayed on-screen. To
answer, a single button press was needed to select from a
multiple-choice answer set. This was followed by a review step
(also serving as the completeness check) where the patient could
confirm the selection or go back and change the answer. If a
patient did not make the confirmation in the review step, the
questionnaire would not be submitted to the database and later
analyzed as an instance of nonresponse. If left attended to, a
question would remain on the screen until the next scheduled
dose.

In collaboration with health care professionals at Custom Health,
35 survey items were designed to measure the spencer
experience, quality of life, and PROs. To avoid copyright
infringement, these questions were not taken from any existing
validated scale. Questions were scheduled one-to-one with doses
in a predefined sequence that repeated indefinitely. Response
options were consistently listed from most positive sentiment
(eg, “Excellent”) toward the top of the screen to least positive
sentiment (eg, “Poor”) toward the bottom of the screen.
Questions were manually answered on test devices in a quality
assurance laboratory before being released to patients, and

patients could call into a support line to provide feedback
regarding the questions or to request that they be turned off.

As is typical of web-based panels, the panel formed by the
selection criteria in Textbox 1 constitutes a convenience sample.
The target population best described by the sample is
polychronic patients taking multiple medications daily. Since
the surveys were administered as part of routine patient
monitoring, no institutional review board (IRB) approval was
needed.

Survey responses were sent to the application database through
either cellular connection (the default) or Wi-Fi. In cases where
the spencer lost connectivity, a store and forward mechanism
sent data to the cloud database once connectivity was
reestablished. The database is managed by Spencer Health
Solutions that has received both ISO27001 [28] and Data
Privacy Framework [29] certifications.

Date of birth, biological sex, and residential postal code were
entered into a web-based portal by health care providers when
patients were recruited. These fields were retrieved from the
application database March 4, 2024. Dates of birth that were
within 2 years of the database entry date were replaced with
missing values, and age was computed as the difference between
the first dispense date and date of birth. Within the United States,
5-digit postal codes were converted into US states via the
zipcodeR R package. For Canadian postal codes, a function was
written that maps the first letter of the postal code to the
associated province. Prescription information was created by
the pharmacies at the time of refill creation and sent to the
database.

Statistical Analysis

Panel Attrition
Patients may leave the spencer dispensing platform for multiple
reasons, including life transitions to higher care services or
natural death. Leaving the dispensing platform is the primary
mechanism of spencer panel attrition. To estimate dispenser
persistency, we used the discrete survival analysis framework
described by Allison [30], where the periods start on the first
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day a patient is scheduled, are 30 days in length, and an attrition
event occurs when a patient is not scheduled during an entire
30-day period. There is a resurrection mechanism: when a
patient is scheduled in a later period after previously meeting
the definition for an attrition event, the attrition flag is reset for
all previous periods.

For readability, we will refer to a 30-day period as a month, 12
thirty-day periods as a year, and so on. Furthermore, we will
refer to the time in years between the first scheduled dose via
spencer and the analysis date as tenure. A patient’s tenure
represents the amount of experience a patient has had with the
spencer platform as of an analysis date.

Beyond dispenser attrition, the second source of panel attrition
is when patients request that their questions no longer appear
on-screen following a dispensing event. To study this
phenomenon, we computed rates of requested question
discontinuation for the first 12 months of tenure for patients
who remained dispenser persistent for more than a year.

When pursuing the subset of patients who were dispenser
persistent for more than a year, the subset taken was patients
who remained on the spencer platform through the 14th month.
In addition to our operational month being shorter on average
than a calendar month (by a fraction of a day), the 2 additional
months of persistency provided a buffer against the decreased
interaction with the device that often precedes full platform
discontinuation.

Survey Response Rates
On the survey platform, nonresponse occurs when patients do
not enter a response after a question is displayed and the
question is cleared. We computed rates of nonresponse by month
and plotted the resulting series. We knew from prior analyses
that some patients consistently respond to the questions, and
we wanted to observe this phenomenon. For patients who were
still receiving surveys in the 12th month, we created 2 groups:
those with 12th-month response rates of <90% and those with
12th-month response rates of ≥90%. For both groups, we
computed the frequency of patients, plotted response rates by
month, and provided a qualitative description of the patterns
observed.

Psychometric Analysis

Reliability
A reliability analysis in the context of a platform requires a
narrowing of focus to a specific measure, as both reliable and
unreliable measures may be generated from any platform.
Inspired by the Falls Efficacy Scale-International, a reliable
measure of fear of falling known to be related to both past and
future falls [31,32], we chose an existing question from our
rotation that asks the patient about recent falls. Hereafter referred
to as Q_FALL, the question text read “Have you experienced
a fall in the past month?” The response options were “No,” “Not
Sure,” and “Yes” (a 1-letter variation in capitalization occurring
after September 2022, where “Not sure” was replaced with “Not
Sure”), which were value-coded as 1, 0, and −1, respectively.

One conceptualization of reliability is test-retest reliability and
can be quantified using Pearson correlation between a measure’s

values at 2 time points [33]. For a comparative baseline in the
literature, Falls Efficacy Scale-International measurements taken
by the same patients at different time intervals had Pearson
correlations ranging from 0.66 to 0.83 for measurements taken
up to a year apart [34].

The Pearson correlation coefficient is known to suffer bias when
distributional assumptions are violated, a concern because
Q_FALL has only 3 response levels and there were different
response counts between patients and years. The use of averages
and bootstrap resampling were thus employed to address these
factors. First, we limited attention to a subset of 234 patients
from the persistency analysis who answered Q_FALL at least
5 times in both a full first year and a second year of tenure,
hereafter referred to as year 1 and year 2. Second, we used the
bootstrap to obtain a bias-corrected estimate of the Pearson
correlation along with a nonparametric 95% CI [35]. This
allowed us to perform inference on the coefficient of

determination (R2) for the equivalent regression of the year 2
means regressed on the year 1 means.

Averaging the ternary scores allowed us to work on a continuum
where rare fallers and never fallers appear close together on the
resulting scale, a notion supported by similarities between these
groups in a 1-year cohort study [36]. To circumvent the
limitations of a linear correlation analysis, we performed an
additional discrete state transition analysis. We examined the
frequency of transitions to and from mean Q_FALL scores of
[−1, −0.5), [−0.5, 0.5), and [0.5, 1.0] in year 1 and year 2,
expecting self-transitions to be the most frequent.

Validity
To assess the convergent validity of the recent falls question
administered via spencer, the mean scores for year 1 and year
2 were compared with the following established risk factors of
fall risk: increased age, biological sex, previous fall frequency,
low quality of life, depressive symptoms, physical impairment,
and medication use [31,34,37]. Many patients in this population
were prescribed selective serotonin reuptake inhibitors (SSRIs)
or serotonin-norepinephrine reuptake inhibitors (SNRIs), and
these are associated with falls in the older adults [38,39]. A
meta-analysis found that 95% (70/74) of studies reported gender
or sex differences in fall-related outcomes with females at a
higher risk than males [40]. Canonically, increased age is a risk
factor for falls [41]. The validity analysis was split into 2 parts,
each based on the 234-patient subset from the reliability
analysis.

We first conducted an analysis of the relationship between raw
Q_FALL values and covariates age, sex, and SSRI or SNRI
usage, as these were known before any responses were received
(medication can be discontinued but medication classes tend to
be stable within patient). To accommodate the repeated measures
received from each patient, we used a generalized estimating
equation approach to model the relationship between the coded
value of Q_FALL and an exchangeable working correlation
structure. This was accomplished with the geepack package in
R, which reports SEs that are robust to both the choice of
working correlation structure and nonnormality of the response.
For age and SSRI or SNRI usage, we expected to see negative
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relationships. For biological sex, we expected that female
patients would be associated with lower mean Q_FALL than
male patients.

For evidence of association between Q_FALL and other relevant
variables, including quality of life, depressive symptoms, and
hospital visits, we selected the questions listed in Table 1 as
contemporaneous survey-based measures that had face validity
for concepts of interest. Their responses are integer-coded and

arranged by sentiment, and thus we expected positive
correlations with Q_FALL.

The robust Kendall τ measure was used to test for associations,
as the sample sizes of the questions from Table 1 may be
arbitrarily small within patient. Kendall τ is more appropriate
for ties and has an accompanying 2-sided nonparametric test
for testing the null hypothesis of zero association [35]. For a
nonparametric 95% CI on τ, we used the kendall.ci function
from the R package NSM3 [42], which provides a bootstrap CI.

Table . Standard spencer questions relating to known risk factors of falling.

ConstructaValues codedPossible responsesQuestion text

Quality of life5 | 4 | 3 | 2 | 1Excellent | Very good | Good | Fair
| Poor

Rate your recent quality of life.

Depression5 | 4 | 3 | 2 | 1Excellent | Very good | Good | Fair
| Poor

How is your emotional health to-

day?b

Physical health5 | 4 | 3 | 2 | 1Excellent | Very good | Good | Fair
| Poor

How would you rate your physical
health today?

Ability or disability5 | 4 | 3 | 2 | 1Excellent | Very good | Good | Fair
| Poor

Rate your ability to perform activi-
ties today.

Ability or disability5 | 4 | 3 | 2 | 1Completely | Mostly | Moderately |
A little | Not at all

Are you able to accomplish what
you have planned today?

ER visits from falls1 | 0 | −1No | Not sure | YesHospital, ERc, or urgent care in the
past month?

aConstruct is based on face validity of the spencer standard questions.
bThis question has been in rotation for multiple years, but in September 2022, the number of responses changed from 3 (“Poor,” “Good,” and “Excellent”)
to 5 (“Poor,” “Fair,” “Good,” “Very good,” and “Excellent”). We coded the 3-response set as 1, 3, and 5, and the 5-response set as 1, 2, 3, 4, and 5,
respectively.
cER: emergency room.

Ethical Considerations
This study used operational data collected from a commercial
medication dispensing system used in routine patient care and
was not subject to IRB review requirements, so IRB approval
was not pursued. Users of the spencer device provided consent
for data collection through the End User License Agreement,
which covers the collection of medication adherence data and
responses to quality of life and PRO surveys as part of the
system’s standard operation. No additional compensation was
provided to users beyond the normal terms of their device usage
agreement. All data analyzed in this study were deidentified
prior to analysis. Spencer Health Solutions has achieved both
ISO27001 [28] and Data Privacy Framework [29] certifications,
and the system uses industry-standard encryption and security
measures.

This research analyzed data collected during standard clinical
care and device usage. All results are presented as anonymous
aggregate statistics. The original data collection occurred as
part of routine clinical practice, with patients providing consent
for research use through the device terms of service and care
management agreement. Under Canadian TCPS 2 Article 2.4,
research ethics board review is not required for research that

relies exclusively on secondary use of anonymous information
where the process does not generate identifiable information.
Under US regulation 45 CFR 46.104(d)(4)(ii), IRB review is
not required when information is recorded by the investigator
in such a manner that subjects cannot be identified, directly or
through identifiers linked to the subjects, the investigator does
not contact the subjects, and the investigator will not reidentify
subjects.

Results

Patient Population
The patient population was majority female (2552/4133, 61.7%),
with 0.1% (5/4138) of the biological sex fields missing. The
mean age was 54.4 years (SD 19.9, range 5-104 years). Most
patients (3736/4138, 90.3%) resided in Canada, with 1 address
unmapped at the country level. Patients were scheduled to take
multiple drugs per day (mean 9.6, SD 5.1). Of the 2805 unique
compounds scheduled during the observation window, 70.2%
(1970/2805) were mapped to an Anatomical Therapeutic
Chemical classification system second-level code, with a
modified “Vitamins & Supplements” that included dietary
supplements. Table 2 contains the 20 most frequently observed
subgroups observed during the observation window.
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Table . Patient demographics, geographic distribution, and medication usage among the 4138 patients studied.

Patients (N=4138)Section and variable

Patient demographics, n (%)

    Sex

2552 (61.7)        Female

1581 (38.2)        Male

5 (0.1)        Missing

    Age (years)

4123 (99.6)        Valid records, n (%)

15 (0.4)        Invalid records, n (%)

54.4 (19.9)        Mean (SD)

39‐70        IQR

5‐104        Age range

Geographic distribution, n (%)

    Country

3736 (90.3)        Canada

401 (9.7)        United States

1 (0)        Missing or other

    Canadian provinces

2083 (50.3)        Ontario

1149 (27.8)        British Columbia

485 (11.7)        Saskatchewan

19 (0.5)        Other

    US states

221 (5.3)        Tennessee

117 (2.8)        Missouri

32 (0.8)        California

24 (0.6)        Ohio

7 (0.2)        Other

Medication usage (Anatomic Therapeutic Chemical codes, second level),
n (%)

3040 (73.5)    Psychoanaleptics

1917 (46.3)    Vitamins & supplements

1848 (44.7)    Lipid-modifying agents

1788 (43.2)    Drugs for acid-related disorders

1717 (41.5)    Antiepileptics

1664 (40.2)    Agents acting on the renin-angiotensin system

1503 (36.3)    Psycholeptics

1317 (31.8)    Drugs used in diabetes

1107 (26.8)    Beta-blocking agents

1050 (25.4)    Antithrombotic agents

893 (21.6)    Calcium channel blockers

822 (19.9)    Diuretics

741 (17.9)    Thyroid therapy
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Patients (N=4138)Section and variable

592 (14.3)    Urologicals

543 (13.1)    Analgesics

378 (9.1)    Anti-inflammatory and antirheumatic products

345 (8.3)    Antihypertensives

309 (7.5)    Anti-Parkinson drugs

295 (7.1)    Drugs for constipation

289 (7)    Antihistamines for systemic use

Panel Attrition
From 4138 patients, dispensing persistency was estimated to
be 68.3% (95% CI 66.8%‐69.8%) at year 1 and 51% (95% CI

49%‐53%) at year 2. Among the patients who stayed on the
dispensing platform past year 1, 82.3% (1508/1832) kept surveys
enabled through the 12th month. The rates of question opt-out
slowed during the year, as can be seen in Figure 2.

Figure 2. Dispenser persistency and percentage of patients with surveys enabled by month on platform.

Survey Response Rates
Among the 1508 patients who kept their surveys enabled through
year 1, the mean response rate was 95.6% (SD 11.9%) in the
first month and 84.1% (SD 26.4%) in the 12th month, with the
rate of decline slowing in the second half of the year (Figure

3). For patients with surveys enabled in the 12th month, 67.9%
(1024/1508) had response rates at or above 90% and 32.1%
(484/1508) had response rates below 90%. Figure 4 shows the
trajectories of both groups, where the high-response group
maintained near perfect response rates while the low-response
group experienced a substantial decline by the 12th month.
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Figure 3. Mean survey response rate (%) for patients with enabled surveys by month on platform.
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Figure 4. Mean survey RR by month on platform, grouped by RR in the 12th month. RR: response rate.

Reliability
Among 234 patients, the bootstrap estimate of the Pearson
correlation between the year 1 and year 2 mean Q_FALL was

0.723 (95% CI 0.630‐0.798), and the estimate of R2 for the
equivalent regression on year 2 versus year 1 means was 0.523
(95% CI 0.397‐0.637).

Mean Q_FALL interval transitions from year 1 to year 2 are
shown in Table 3. As hypothesized, self-transitions were the
most common, with 59.8% (140/234) of patients starting and
staying in [0.5, 1]. These rare fallers in the [0.5, 1.0] interval in
year 1 remained in this interval during year 2 in 83.8% (140/167)
of cases. For the frequent fallers in the [−1.0, −0.5) interval
during year 1, 66.7% (12/18) remained during year 2.
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Table . Mean score range transitions from year 1 to year 2a.

Frequency, n (%)Year 1 and year 2 (n=234)

Frequent fallers [−1.0, −0.5) (n=18)

12 (66.7)[−1.0, −0.5)

5 (27.8)[−0.5, 0.5)

1 (5.6)[0.5 to 1.0]

Occasional fallers [−0.5, 0.5) (n=49)

5 (10.2)[−1.0, −0.5)

24 (49)[−0.5, 0.5)

20 (48.8)[0.5 to 1.0]

Rare fallers [0.5, 1.0] (n=167)

1 (0.6)[−1.0, −0.5)

26 (15.6)[−0.5, 0.5)

140 (83.8)[0.5 to 1.0]

aA mean score of +1.0 would be a “perfect score” of no reported falls, a mean score of −1.0 indicates that all responses indicated that a recent fall had
occurred, and scores in between span the interval (−1.0, 1.0). One patient who moved from [−1.0, −0.5) to [0.5, 1.0] had a score of exactly 0.5 (the
boundary), with only 6 measurements in year 2.

Validity

Covariates
For 232 patients, the generalized estimating equation model
results of Q_FALL on these covariates are shown in Table 4.

The coefficients associating biological sex and age to Q_FALL
were not significantly different from zero; this was unexpected.
However, the coefficient indicating the presence of an SSRI or
SNRI medication was negative and highly significant, indicating
more falls in the SSRI or SNRI group adjusted for sex and age.

Table . Generalized estimating equation linear model summary for sex, age, and whether the patient was prescribed a selective serotonin reuptake
inhibitor or serotonin-norepinephrine reuptake inhibitor during the observation window.

P valueWaldSEEstimateCoefficient

<.001a28.8570.1270.684Intercept

.66b0.1950.069−0.030Sex (male)

.76b0.0920.0020.001Patient age

<.001b14.0920.062−0.232SSRIc or SNRId

aThe P value corresponding to the hypothesis of the intercept being zero is included by convention but is not a meaningful statistic.
bThese P values correspond to the 2-sided test of the hypothesis of a zero regression coefficient.
cSSRI: selective serotonin reuptake inhibitor.
dSNRI: serotonin-norepinephrine reuptake inhibitor.

Contemporaneous Outcomes From the Spencer
The analysis of correlations between Q_FALL and other
contemporaneous spencer questions, based on Kendall τ, is
shown in Table 5. Interpretation of correlation coefficients
varies, for example, 0.2 may be characterized as either “weak”
or “poor,” and 0.3 as “weak,” “moderate,” or “fair” [43], and

in the bivariate normal case, a τ value of 0.200 corresponds to
a Pearson correlation of 0.309 [44]. While the strength of
association between mean Q_FALL and the contemporaneous
response outcomes was consistently weak to moderate, P values
were uniformly small, indicating positive relationships of these
questions with the measure of recent falls.
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Table . Contemporaneous association between survey questions administered via spencer.

P valueb95% bootstrap CI for τKendall τAverage responses per
patient, n

Patients, naQuestion

<.0010.058-0.2440.1514233Rate your recent quali-
ty of life.

<.0010.120-0.2930.2154233How is your emotional
health today?

<.0010.071-0.2960.188164How would you rate
your physical health
today?

<.0010.140-0.3160.2335232Rate your ability to
perform activities to-
day.

<.0010.083-0.2760.189197Are you able to accom-
plish what you have
planned today?

<.0010.096-0.2990.209192Hospital, ERc, or ur-
gent care in the past
month?

aNumber of unique patients who responded to each question at least once and also responded at least 5 times to Q_FALL in year 1 and year 2.
bDerived from Kendall τ test, a nonparametric hypothesis test used to measure the ordinal association between 2 variables.
cER: emergency room.

Discussion

Principal Findings
Although its primary function is dispensing medication, the
spencer platform doubled as a web-based longitudinal panel
where polychronic patients answered survey questions at high
rates and exhibited low panel attrition over years of platform
tenure. Measures generated from the responses where stable
through time (ie, evidence of reliability) and were associated
with other theoretically related variables (ie, evidence of
validity). For polychronic patients residing in the US and
Canada, the home medication dispenser is a promising source
of reliable and valid measures of important health constructs.

As with all survey panels, there was attrition and nonresponse.
Panel attrition could be decomposed into attrition from the
dispensing platform and survey opt-outs for patients remaining
on the dispensing platform. These losses were cumulative. Based
on the estimates presented, starting with 100 patients, 68 would
still be dispensing via spencer by the end of the first year, with
56 still receiving questions following their dispenses.

In our literature review, persistency was often a serious issue
in the context of longitudinal patient studies. For 8 remote digital
studies conducted between 2014 and 2019, researchers found
that more than half of all participants discontinued their
participation within the first week of the study [9]. In a
web-based study during the COVID-19 pandemic, of 2734
participants who completed wave 1, only 964 participated in
wave 3 [10]. In a study of smartphone app usage to improve
oral anticoagulation adherence, a retention rate of 27% at 6
months was reported [11]. Considering these results, keeping
more than half of the initial patients actively participating in
surveys at the end of the first year represents favorable retention.

The rate of new survey opt-outs also decreased substantially
through the year, setting up milder losses in year 2.

By the end of first year, the average survey response rate for
patients taking surveys on spencer was 84%. While 80% has
been considered excellent in the context of primary care research
studies [45], multi-item surveys administered at a single point
in time are an imperfect benchmark. Ecological momentary
assessment, a survey methodology that addresses phenomena
as they occur, typically sees compliance rates from 50% to 90%
[46]. By either standard, the response rates observed in spencer
surveys were good.

We can speculate on why some patients responded to fewer
spencer questions over time than others. Survey fatigue is a
well-known phenomenon that occurs when respondents become
weary of repeated survey tasks [47], and although surveys
administered via spencer are brief, they are frequent. In addition
to fatigue, some patients may not have been aware of how the
questions were being used to monitor their well-being.
Developing interventions to improve survey response rates is
a topic for future research.

Noncoverage in web-based surveys, often defined as lack of
access to the web, is thought to be a more serious problem than
nonresponse, which is an unwillingness to participate [48]. Since
every participant has a connection to the web through the device
itself (the spencer units have both cell and Wi-Fi connections),
there is no noncoverage in the sense of lack of web access,
although machines do go offline for varying durations.

With sufficiently high panel persistency and response rates,
attention focuses on the quality of the data that are generated.
We showed that a measure about recent falls generated from a
spencer question exhibited temporal stability, a form of
reliability. The measure showed expected associations with
most theoretically related variables. One exception was the
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demographic factors of age and biological sex, which failed to
achieve significance in a regression where medication use was
significant (P<.001). While additional data may reveal the
expected relationships, we surmise that in a polychronic
population taking many medications, demographic factors may
be weaker predictors of falling than in the general population.

Limitations
First, since the patients studied in this paper were polychronic
patients enrolled in a care management program and residing
in the United States and Canada, inferences to other populations
may not be warranted.

Second, our validity analyses were limited to data collected
entirely within the spencer ecosystem. While correlations
between spencer survey responses suggest meaningful patterns,
these questions, although having face validity, lack validation
against established instruments. The observed correlations might
partly reflect the consistent presentation format on the device,
where responses are always ordered from most to least positive
sentiment. Our validity arguments would be substantially
stronger with independent measurements, particularly
comparisons between spencer responses and validated traditional
instruments measuring the same constructs.

Third, this study did not consider sensitivity to change, which
is important in the context of RWE because it allows researchers
and clinicians to detect change resulting from a minimal
intervention [49]. While we focused on reliability by treating
fall risk as a stable construct, and although fall risk is sufficiently
stable to support our reliability analysis, treating it as static was
a limitation of this research. Future research could explore
methods for estimating changing states from longitudinal survey
data, building on established approaches in the literature [50,51].

Conclusions
Administering longitudinal surveys via spencer, a smart
medication dispenser, effectively generated high-quality RWD
from patients in their homes. Patients persisted on the platform
for years and maintained high response rates. A measure derived
from longitudinal surveys assessing fall risk demonstrated both
reliability and validity. The performance of spencer as a
longitudinal survey platform offers a promising alternative at
a time when web-based survey data quality is deteriorating.

Because medication dispensing is a fundamental component of
the survey-generating mechanism, RWD from the spencer
platform offers an ideal opportunity to study medication
effectiveness and health outcomes, providing evidence to
support new drug indications and demonstrate relationships
between health outcomes and economic factors.
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Abstract

Background: The integration of health care and social welfare services together with the consolidation of health care information
systems (HISs) and client information systems (CISs) has become a timely topic. Despite this development, there is a scarcity of
systematic research on physicians’, registered nurses’ (RNs) and social welfare professionals’ (SWPs) experiences of participating
in the development of HISs and CISs.

Objective: This study aimed to examine how physicians, RNs and SWPs experience collaboration with HIS or CIS vendors,
and what kinds of end users have participated in HIS or CIS development.

Methods: National cross-sectional usability surveys were conducted in Finland among RNs and SWPs in 2020 and physicians
in 2021. Questions concerning participation experiences were analyzed by professional group, working sector, managerial position,
and age.

Results: In total, 4683 physicians, 3610 RNs, and 990 SWPs responded to the surveys. In all 3 professional groups, those
working in nonmanagerial positions and the youngest respondents participated least in HIS or CIS development, and 76% (n=3528)
of physicians, 78% (n=2814) of RNs and 67% (n=664) of SWPs had not participated at all. When comparing the groups, physicians
were least aware of feedback processes and least satisfied with vendors’ interest in end-user feedback and the manner and speed
of HIS development. Those who had dedicated working time for HIS or CIS development were less critical of vendors’ interest
and responsiveness to development ideas than those who had not participated at all. In all 3 professional groups, the youngest
were most dissatisfied with HIS and CIS vendor collaboration.

Conclusions: Experiences of participation in HIS and CIS development were relatively negative across all 3 professional groups,
with physicians being the most critical. Dialogue and collaboration between developers and end users—also the youngest ones
and frontline workers—need improvement; simply increasing allotted working time is unlikely to produce more positive participation
experiences.

(JMIR Hum Factors 2025;12:e51495)   doi:10.2196/51495

KEYWORDS

participation; development; usability; user experience; physician; nurse; social worker; information system; national survey;
system development; users; user feedback; cross-sectional survey; Finland; Finnish

Introduction

Background
The increasing collaboration between health care and social
care and the consequent need for integrated information systems
(ISs) warrants studies on the end-user participation viewpoints
of all major user groups. Physicians [1-5], nurses [1,2], and

social welfare professionals (SWPs) [6] are not satisfied with
the usability or daily work support of health care information
systems (HISs) and client information systems (CISs) [7].
Furthermore, these professionals experience collaboration with
HIS and CIS vendors and developers to be unsatisfactory.
However, the majority would be willing to participate in
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information system development, but suitable means are lacking
[1,2,6,8-11].

End users’participation in IS development is considered to lead
to a better user experience and increased user acceptance
[12,13]. However, the characteristic inherent complexity of
HISs and CISs complicates the implementation of many user
participation methods [14,15]. Although end-user participation
is regarded as essential in HIS and CIS development [16],
without careful management throughout the software
development process, participation alone does not guarantee
system success [17-19]. End-user participation may even cause
more problems than benefits, particularly if the ISs are expected
to solve organizational problems [20]. Users may experience
that their participation does not affect IS functionalities in a
desired manner [1,4,6,16]. In addition, emphasizing
administrative information needs and wishes instead of the
needs of frontline professionals can complicate work processes
by increasing the requirements for data entry and thus impair
the workflows [21]. IS users in leadership positions have
different needs for ISs than frontline professionals [22].

Comprehensive HISs and CISs are complex ISs used by dozens
of user roles in a wide variety of use contexts [23,24]. Many
countries, including Finland, are integrating health and social
welfare services and consequently ISs [25-27]. One of the
rationales behind this development is that those with high
numbers of visits to health care often need social welfare
services and vice versa [28]. From the point of view of patients
and clients, treatment and service packages often include both
health care and social services [29-33], which emphasizes the
need for fluent information exchange between professional
groups to guarantee high-quality and safe care. Consequently,
end users from the major professional groups are needed in the
IS development processes.

Context of the Study: Health Care, Social Welfare and
HISs and CISs in Finland
Until 2023, municipalities (n=309 in 2022) were responsible
for organizing social welfare services and primary health care
(health centers) in Finland. A total of 20 hospital districts, jointly
owned by the municipalities of the region, organized specialized
medical care; 5 university hospitals provided tertiary care.
Although one-third of outpatient visits to physicians are to
private providers (eg occupational health care), the variety of
services provided by the private sector is narrow; for example,
there are no private intensive care units (ICUs) or labor and
delivery units [34]. In social welfare, municipalities or
federations of municipalities often purchase some services from
private service providers and non-governmental organizations
(n=3971 in 2017) [27]. In 2018, there were 19,627 working-age
physicians, 70,198 RNs, and 34,523 SWPs in Finland [35-37].

In Finland, the first HISs and CISs were implemented in the
1970s [27]. While only every tenth US hospital used electronic

health records (EHRs) as late as in 2010 [38], in Finnish public
health care, HIS coverage had already reached 100% by 2007,
and by 2014 CISs covered almost all public social services
[39,40]. By contrast, in 2020, a quarter of nonpublic social
welfare organizations still operated on paper [27,41].

All public hospitals and health centers had joined the Kanta
services (national patient data repository and electronic
prescription system) by 2015 [42,43], but implementation of
the national data repository for social welfare services only
began in 2020 [44]. This has required considerable resources
from both health care and social welfare organizations and IS
vendors over the years [45].

During 2020‐21, in public health care, 2 leading specialized
care and 2 leading primary care EHR brands were in wide use.
In addition, 4 EHR brands covered both primary and specialized
care, of which 1 also covered tertiary care (including
functionalities for eg, operating rooms, ICUs, radiology, and
emergency departments) and 6 out of the 7 nationally defined
social welfare service lines. In addition, 1 EHR brand covered
most private sector health care. In public social welfare, 2 CIS
brands were in use in most municipalities [46]. In addition, EHR
brands were also used in social welfare [41]. In 2018‐21, a
new IS was deployed in Southern Finland with 47,000 end users.

Research Questions
In this study, we examined the experiences of physicians,
registered nurses (RNs) and SWPs of participating in HIS or
CIS development. The data were gathered in 3 large Finnish
national surveys in 2020 and 2021. The research questions were
as follows:

1. What experiences do physicians, RNs and SWPs have of
collaboration with HIS and CIS vendors?

2. Do participation experiences vary by managerial position,
employment sector, or age?

3. What types of physicians, RNs and SWPs have participated
in HIS and CIS development?

Methods

Survey
This study was part of large national cross-sectional HIS and
CIS usability surveys conducted among SWPs and RNs in 2020,
and physicians in 2021 [47]. The survey questionnaires and data
are available online [47]. The surveys were based on the
validated National Usability-Focused HIS Scale [48] and
included a section on end users’ experiences of participation in
HIS or CIS development (Table 1). The statements were
originally created and piloted for the national physician survey
in 2010 [4,5], and the same statements have been used in later
surveys for physicians [1], for RNs [8,49], and SWPs [6]. The
survey method and the questionnaire have been described in
detail previously [4,5,48].
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Table . Questionnaire statements.

Statements and optionsQuestions and statement/option designations

Question (1) What has been your experience of providing feedback on the information systems you use and their development? please assess the
following statements based on your experience. Response options: Fully agree / Somewhat agree / Neither agree nor disagree / Somewhat disagree
/ Fully disagree

I know how and to whom I can send feedback
about the system if I wish to do so.

Statement A

The system vendor is interested in feedback
about the system provided by the end users.

Statement B

The system vendor implements corrections and
change requests according to the suggestions of
the end users.

Statement C

Corrections and change requests are implemented
within a reasonable time frame.

Statement D

Question (2) Have you participated in information systems development work?

Yes, some of my working time has been allocated
for such development work

Option A

Yes, in addition to my workOption B

NoOption C

The link to the survey questionnaire was sent to the members
of the Finnish Medical Association (FMA) (>90%) (email
address available, n=19,142), RN members of the Finnish
Nursing Association, the National Association of Health and
Welfare Professionals, and the National Professional Association
(n=58,276), and SWPs with at least a Bachelor’s degree who
were members of the following trade unions: the Union of
Professional Social Workers, the Trade Union for the Public
and Welfare Sectors, or the Social Science Professionals union
(n=12,471) [9,50,51] .

The section addressing end-user participation experiences in
HIS or CIS development (Table 1) was identical for the
physicians and the SWPs with 5-point Likert scale response
statements (fully agree; somewhat agree; neither agree nor
disagree; somewhat disagree; or fully disagree). However, for

the 2020 RNs’ survey, a sixth option “Prefer not to respond /
Don’t know” was added. Furthermore, unlike in the physicians’
and SWPs’ surveys, it was not possible for RNs to not respond
at all. Up to 25% of RNs chose this sixth option. To make the
surveys more comparable, we formed a sixth category also for
physicians and SWPs of those who had not responded to the
statements. In addition, for the descriptive statistics in Figures
1-4 and Table S1 in Multimedia Appendix 1, we combined the
responses “Fully agree” and “Somewhat agree” to form a new
category “Agree” and included those from the sixth category
in the denominator.

The statement on having allocated time to participate in IS
development was identical in all 3 surveys, and the background
questions included in this study were all optional in all 3
surveys, so nonrespondents were not included in these numbers.
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Figure 1. Participation experiences of Finnish physicians, RNs and SWPs by leadership position (leaders versus others). RN: registered nurse; SWP:
social welfare professional.

Figure 2. Participation experiences of Finnish physicians, RNs and SWPs by working sector. RN: registered nurse; SWP: social welfare professional.
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Figure 3. Participation experiences of Finnish physicians, RNs and SWPs by age group. RN: registered nurse; SWP: social welfare professional.
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Figure 4. Participation experiences of Finnish physicians, RNs and SWPs by working time allotted for participation. RN: registered nurse; SWP: social
welfare professional.

Statistical Analyses
Statistical analyses were carried out with SPSS 28 (IBM Corp).
The χ² test or Fisher exact test was used as appropriate.
Statistical significance was determined as P<.05.

Ethical Considerations
According to the national ethical instructions for research, the
studies did not require ethical approval (Finnish Advisory Board
on Research Integrity 2023) [52].

The autonomy of research subjects was respected, there was
informed consent, no harm was possible to the participants and
confidentiality of the subjects, and research data were protected.
The researchers were not able to identify individual respondents.

However, as the data for the RN and SWP studies were collected
by a national authority (Finnish Insititute for Health and
Welfare), the ethical approval (THL482/6.02.01/2020) was
provided by its institutional review board.

Results

Respondent Characteristics
The demographics of the respondents to all 3 surveys are
provided in Table 2. In 2021, 4683/19,142 physicians (24.5%
of email invitation recipients) participated in the survey, and in
2020, 3610/58,276 RNs (6.2% of email invitation recipients)
and 990/12,471 SWPs (7.9% of the theoretical target group)
participated in the survey [35-37].
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Table . Respondent characteristics.a

Social welfare professionals
(n=990), n (%)

Registered nurses (n=3610), n (%)Physicians (n=4683), n (%)

Working sector

846 (85.5)3076 (85.2)3654 (78)    Public sector

90 (9.1)456 (12.6)775 (16.5)    Private

54 (5.5)78 (2.2)253 (5.4)    Other

Age group (years)

185 (18.7)739 (20.5)949 (20.3)    <35

346 (34.9)833 (23.1)1215 (25.9)    35‐44

260 (26.3)1108 (30.7)1161 (24.8)    45‐54

198 (20)921 (25.5)1315 (28.1)    55‐64

Leadership position

172 (17.4)406 (11.2)1139 (24.3)    Works in a leading or managerial
position

818 (82.6)3204 (88.8)3543 (75.7)    Works in other positions

aThe email invitation was received by 19,142 physicians, 58,276 registered nurses, and 12,471 social welfare professionals. Of these, 4683 (24.5%)
physicians, 3,610 (6.2%) registered nurses, and 990 (7.9%) social welfare professionals responded to the survey.

Participation Experiences of the 3 Professional Groups
Physicians appeared to be least knowledgeable of how and
where to send feedback, with only 41% (1920/4683) agreeing
with statement 1, as compared to 61% (2204/3610) of RNs and
56% (556/990) of SWPs (Figure 5). In terms of vendors’ interest
in end-user feedback and the manner and speed of IS
development, physicians were also least satisfied, with 16%

(776/4683), 14% (672/4683), and 9% (407/4683) of them,
respectively, agreeing with statements 2, 3, and 4, as compared
to 26% (960/3610), 19% (707/3610), and 13% (481/3610),
respectively, of RNs and 25% (225/990), 19% (180/990), and
13% (122/990), respectively, of SWPs (Figure 5). In total, 76%
(3528/4683) of physicians, 78% (2814/3610) of RNs and 67%
(664/990) of SWPs had not participated at all in HIS or CIS
development (Figure 6).
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Figure 5. Experiences of physicians, RNs and SWPs of collaboration with health care information system and client information system developers.
RN: registered nurse; SWP: social welfare professional.

Figure 6. Participation in information system development work by professional group. RN: registered nurse; SWP: social welfare professional.

Factors Associated With Participation Experiences
Leaders, particularly among RNs, were more aware of how and
where to send system feedback (statement 1) than those working
in nonmanagerial positions (Figures 1-4). Leaders in all 3
professional groups were more satisfied with the system vendor
collaboration (statements 2‐4) than the others. The working
sector did not impact end users’ experiences. In all professional
groups, the youngest appeared least aware of how and where
to send feedback and least satisfied with the collaboration. Those
who had participated in HIS or CIS development considered IS
vendors more interested in feedback and were more satisfied

with the manner and speed of system improvements and
corrections.

Factors Associated With Having Participated in HIS
or CIS Development
In all 3 professional groups, leaders had participated more in
IS development than their colleagues in nonleadership positions
(Figure 6).

Among physicians and RNs, but not SWPs, those working in
the private sector had participated less than their public sector
colleagues (Table 3). In all 3 professional groups, the youngest
had participated the least (Table 3).
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Table . Participation in development by allocated working time.

Not at all, n (%)aYes, but no allotted working

time, n (%)a
Yes, allotted working time,

n (%)a
Participated in development

Leadership position

    Physicians

640 (56.7)403 (35.7)85 (7.5)        Leaders

2887 (82.1)514 (14.6)115 (3.3)        Others

    RNsb

221 (54.4)131 (32.3)54 (13.3)        Leaders

2593 (80.9)449 (14)162 (5.1)        Others

    SWPsc

78 (45.3)83 (48.3)11 (6.4)        Leaders

586 (71.8)180 (22.1)50 (6.1)        Others

Working sector

    Physicians

2705 (74.5)764 (21)161 (4.4)        Public

639 (83.1)104 (13.5)26 (3.4)        Private

183 (74.7)49 (20)13 (5.3)        Other

    RNs

2388 (77.6)500 (16.3)188 (6.1)        Public

368 (80.7)65 (14.3)23 (5)        Private

58 (74.4)15 (19.2)5 (6.4)        Other

    SWPs

573 (67.9)218 (25.8)53 (6.3)        Public

60 (66.7)24 (26.7)6 (6.7)        Private

31 (57.4)21 (38.9)2 (3.7)        Other

Age group (years)

    Physicians

827 (88)93 (9.9)20 (2.1)        Age group<35

920 (76.3)227 (18.8)59 (4.9)        Age group 35‐44

787 (68.2)299 (25.9)68 (5.9)        Age group 45‐54

962 (73.8)289 (22.2)52 (4)        Age group 55‐64

    RNs

616 (83.4)89 (12)34 (4.6)        Age group<35

646 (77.6)134 (16.1)53 (6.4)        Age group 35‐44

839 (75.7)186 (16.8)83 (7.5)        Age group 45‐54

710 (77.1)166 (18)45 (4.9)        Age group 55‐64

    SWPs

138 (75.4)32 (17.5)13 (7.1)        Age group<35

226 (65.3)97 (28)23 (6.6)        Age group 35‐44

163 (62.7)84 (32.3)13 (5)        Age group 45‐54

136 (68.7)50 (25.3)12 (6.1)        Age group 55‐64

aDenominators for calculating percentages are the sum of n values for each row
bRN: registered nurse
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cSWP: social welfare professional

Discussion

Overview
To our knowledge, this is the first study to assess how the major
professional groups in the health care and social welfare sector,
that is, physicians, RNs, and SWPs, view HIS and CIS
development participation. The responses were analyzed by
managerial position, employment sector, and age group.
Furthermore, we examined which types of professionals have
participated in HIS and CIS development.

RNs and SWPs Highly Aware of to Whom and How
to Send Development-Related Feedback
The majority of RN (2204/3610, 61%) and SWP (556/990, 56%)
respondents knew how and to whom to send
development-related feedback; the respective proportion for
physicians was 41% (1920/4683). The difference may be
explained by mentoring or superuser and training programs
during and after HIS implementations among RNs [9,53]. On
the other hand, since the response rate among RNs and SWPs
was relatively low, those who responded were probably more
interested in ISs and thus more aware of HIS and CIS
development than those who did not. The findings concur with
our earlier studies, which have shown that physicians tend to
be more critical towards their HIS compared with RNs and
SWPs [2,5].

Leadership and its competence play an important role in the
implementation of ISs and investment of resources in
digitalization [22,54].

In this study, leaders in all professions and those with allotted
working time for HIS or CIS development were more aware of
feedback processes than others. These are usually responsible
for the orientation of personnel, furthermore, they are often the
ones to whom other personnel report development ideas or
problems with HIS or CIS use. In all 3 professional groups the
youngest were least aware of the feedback processes; whereas
the youngest often have mentors who also help with HIS or CIS
related problems, it is also probable that the currently available
means are not suitable for the younger generations.

Leaders Critical About Cooperation
Although leaders had more often dedicated working time and
participated more often in the development of HISs or CISs
than the others, they were critical about cooperation with
vendors. Their information needs, informatics competencies,
and partly also the ISs differ from those working in
nonmanagerial positions [55]. The particularly negative
viewpoints of physician leaders may be impacted by most of
them regularly using HISs for direct patient care, unlike RN or
SWP managers who mainly use HISs or CISs for managerial
purposes [56]. The most recent study shows that RN managers
are able to use HISs for their managerial duties. Due to poor
system integration, they need to gather data from different
systems for management, which wastes resources inefficiently
[22].

Those With Dedicated Working Time Less Dissatisfied
With Vendor Cooperation
Those who had dedicated working time for HIS or CIS
development were less dissatisfied with vendors’ interest and
responsiveness to development ideas than those who had not
participated at all. They are likely to be more aware of the
development processes and timelines of their respective HISs
or CISs. Furthermore, since they have been chosen by their
respective organizations as participants in HIS or CIS
development, their ideas are more likely to become realized.
Earlier studies have also found that user participation increases
acceptance and active use of HISs contributes to the acceptance
and increased active use of HISs [57]. Although not all
development ideas are suitable for execution and not all end
users can be expected to spend considerable working time on
HIS or CIS development, to achieve better engagement in the
use of ISs, users need to experience that they are heard and
understood [57].

The Youngest Least Satisfied With Vendor
Cooperation
Similar to the findings of our previous studies [1,4,6], the
youngest were the most dissatisfied with vendors’ interest in
feedback. This is a particularly important finding as it suggests
that the current ways of engaging professionals will not become
more suitable or even acceptable to future generations. Barchielli
et al [58] also found that younger nurses rely on their colleagues’
opinions of health technology use, while older nurses rely on
their own experiences.

What Kinds of Users Have Participated in HIS or CIS
Development?
Previous studies have shown that impactful participation in IS
development requires dedicated working time [58]. Of those
working in nonmanagerial positions, 72%‐82% responded
that they have not participated at all in HIS or CIS development,
whereas the respective proportion for leaders was 45%‐57%.
Physician and RN leaders were most likely to have allotted
working time for HIS development. Our findings agree with
several studies suggesting that managerial viewpoints are likely
to become overrepresented in IS development [59,60]. Although
the data produced by the ISs is essential for leadership and
management purposes, if the participating leaders are not
engaged in clinical work or practice the solutions may end up
not supporting the needs of frontline workers [61,62].

Health care professionals working in the private sector
participated less than their public sector colleagues, among
SWPs the differences were minimal. As the majority of Finnish
private sector physicians work as private practitioners, their
participation would usually result in decreased earnings. It is
also likely that the lack of most complex patients in private
healthcare reduces the need for HIS development.

In all 3 professional groups, the youngest participated the least.
This may be because they are at the stage of learning the clinical
content of their work and their employers may not want to invest
their time in HIS or CIS development. Khairat et al [62] also
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report underrepresentation of physicians in specialization
training in HIS development groups. Although not possessing
advanced professional skills, the youngest are not burdened
with old, often paper-based workflows, which could assist in
redesigning processes and enhance the use of newer technologies
[62].

How to Improve Satisfaction in HIS and CIS
Development
The development processes of large-scale complex systems
such as HIS and CIS are typically dominated by cooperative
activities involving multiple stakeholders [63-65]. Different
information needs must be identified, prioritized, and
communicated clearly enough to the IS designers and developers
[65].

It remains challenging to increase user input and select
appropriate participants and human-centered design methods
through the different phases of the participatory development
cycle [15,20]. Identifying other factors that influence user
experiences, such as decisions made by regulators,
policymakers, and administrators, may assist in developing
better HISs and CISs [66]. Previous studies have recognized
the importance of clinical informaticists who also use HISs or
CISs in clinical work in communicating end users’ needs and
feedback to designers and developers [6,67-75]. From the
organizational perspective, the benefits can be seen beyond the
IS implementation phase [76]: informatics competent social
and health care professionals have been found to be able to
improve patient safety and patient care outcomes [67]. In social
welfare, however, this role is still being developed [74,75].

Limitations
Our study has some limitations. First, compared with physicians,
the lower response rates among RNs and SWPs are likely to
have resulted in the selection of more involved and interested
participants among these professional groups.

Second, the response rates were highest for physicians. The
FMA, which was responsible for collecting the physician data,
has a long history of conducting surveys among physicians, the
results of which are used in FMA policies. However, the number
of participating professionals from all 3 professional groups in

the national level studies can be considered high compared to
other similar studies [50].

The RNs questionnaire respondents, comprising nurses from
various sectors including hospitals, health centers, private
practice, and social care, were found to align with the target
population according to Statistics Finland’s employment data
for nurses, midwives, and community nurses [9].

During data collection with SWPs questionnaire, incomplete
contact information in membership registries limited survey
outreach. To compensate, survey invitations were distributed
also through sector networks and social media. The study’s final
sample comprised 990 SWP respondents, with an estimated
response rate of 8%. It’s important to note this limitation when
interpreting findings. Nonetheless, the sample size was
considerable and exhibited diversity in age, service backgrounds,
and geographical representation across Finland [51].

Third, our questionnaire did not cover how end users were
involved in HIS or CIS development and whether the means of
participation would impact satisfaction with the process and the
end results. Further research is needed on best practices of user
participation in the development of complex HIS and CIS
systems.

Conclusion
The fluent use of HISs and CISs is a prerequisite for efficient
and safe health care and social welfare, as currently
professionals spend a considerable part of their working time
with ISs and rely on them as their primary source of information.
User participation of all major professional groups—physicians,
RNs and SWPs—and their involvement in development are
essential for the success of complex HIS or CIS. Compared
with RNs and SWPs, physicians appeared to be more critical
towards IS vendors and the success of participatory HIS
development. As even those with allotted working time were
mostly dissatisfied with vendor cooperation, it is evident that
simply allocating more end users’ working time for HIS and
CIS development will not guarantee satisfaction; rather, dialogue
between end users and developers needs improvement. New
means are needed to better engage all end-user groups,
particularly the youngest ones and those working in
nonmanagerial positions.
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Abstract

Background: Through third party applications, patients in the United States have access to their electronic health record (EHR)
data from multiple health care providers. However, these applications offer only a predefined organization of these records by
type, time stamp, or provider, leaving out meaningful connections between them. This prevents patients from efficiently reviewing,
exploring, and making sense of their EHR data based on current or ongoing health issues. The lack of personalized organization
and important connections can limit patients’ ability to use their data and make informed health decisions.

Objective: To address these challenges, we created Discovery, an experimental app that enables patients to organize their
medical records into collections, analogous to placing pictures in photo albums. These collections are based on the evolving
understanding of the patients’ past and ongoing health issues. The app also allows patients to add text notes to collections and
their constituent records. By observing how patients used features to select records and assemble them into collections, our goal
was to learn about their preferred mechanisms to complete these tasks and the challenges they would face in the wild. We also
intended to become more informed about the various ways in which patients could and would like to use collections.

Methods: We conducted a think-aloud evaluation study with 14 participants on synthetic data. In session 1, we obtained feedback
on the mechanics for creating and assembling collections and adding notes. In session 2, we focused on reviewing collections,
finding data patterns within them, and retaining insights, as well as exploring use cases. We conducted reflexive thematic analysis
on the transcribed feedback.

Results: Collections were useful for personal use (quick access to information, reflection on medical history, tracking health,
journaling, and learning from past experiences) and clinical visits (preparation and raising physicians’ awareness). Assembling
EHR data into reliable collections could be difficult for typical patients due to considerable manual work and lack of medical
knowledge. However, automated collection building could alleviate this issue. Furthermore, having EHR data organized in
collections may have limited use. However, augmenting them with patient-generated data, which are entered with flexible richness
and structure, could add context, elevate meaning, and improve actionability. Finally, collections might produce a misconstrued
health picture, but bringing the physician in the loop for verification could increase their clinical validity.

Conclusions: Collections can be a powerful tool for advancing patients’ proactivity, awareness, and self-advocacy, potentially
facilitating patient-centered care. However, patients need better support for incorporating their own everyday data and adding
meaningful annotations for future reference. Improvements in the comprehensiveness, efficiency, and reliability of the collection
assembly process through automation are also necessary.

(JMIR Hum Factors 2025;12:e50331)   doi:10.2196/50331
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Introduction

Background
Digital technologies play a pivotal role in facilitating
patient-centered care that focuses on understanding patients’
needs and fostering shared decision-making with their health
care providers [1]. However, this approach relies heavily on
well-informed patients and on effective patient-provider
communication [2]. In the United States, a major step toward
meeting these requirements was enabling patients to access their
medical records from multiple providers through third-party
applications [3,4]. While this is a significant achievement,
enabling patients to engage in making sense of these data and
turn the insights they gain from this process into actionable
steps remains a challenge. Consequently, many patients lack a
satisfactory understanding of their health, feel discouraged to
self-advocate, and have mediocre communication with their
providers, which is at odds with the core values of
patient-centered care. Therefore, addressing the challenges
around sensemaking and the usability of health data will be
important to advancing patient-centered care and empowering
patients to take an active role in their health journey.

Making sense of data, or sensemaking, is a cyclic process that
involves cognitive activities for answering complex questions
[5]. These activities involve repeated access to artifacts,
identifying relevant information, finding information
relationships, and presenting the answers in an understandable
format [6]. Patients face a plethora of sensemaking challenges
to manage their health. They need to assemble health
information from different providers and identify outliers,
correlations, and trends to become educated on health topics,
drive decision-making, and formulate discussion points with
health care providers [7]. Unfortunately, robust platforms to
support patients in making sense of their clinical data are
lacking.

Several commercial mobile apps such as Apple Health Records
[8], iBlueButton [9], OneRecord [10], and 1upHealth [11], along
with the academic web application Discovery [12], advance
patient sensemaking by offering data visualizations and
specialized views for data exploration. These views help patients
uncover interesting patterns related to prevalence, periodicity,
co-occurrence, and pre-post analysis of medical events.
Typically, these solutions organize electronic health record
(EHR) data by type, time stamp, or provider. However, such
approaches provide very little support for patients in finding
deeper connections between their medical records that are
required for understanding health issues, reflecting on medical
history, or preparing for clinical encounters.

Moreover, these apps do not allow patients to annotate their
medical records or save their sensemaking progress, forcing
them to remember findings or record them elsewhere. This
necessitates patients to revisit the same data repeatedly to refresh
inferences and recreate mental notes. Such work is typically

tedious and frustrating, leading to anxiety and missing crucial
information. Consequently, patients can form skewed health
impressions, resulting in poor decisions or risky actions. In
clinical visits, the inability to communicate the sensemaking
insights to physicians may hinder optimal treatment, leading to
repeated tests or medical errors.

To address these limitations, we explored an alternative solution
that organizes EHR data into collections based on health issues
and ongoing problems [13]. Inspired by findings that a
problem-based view of EHR data improves clinician awareness,
prioritization, and decision-making in the intensive care unit
[14], we adapted a similar approach for patients anchored in the
data-frame sensemaking theory [15]. Data frames (ie, structured
mental models) or collections of health data, as we refer to them
in our previous work [13], systematically break down problems
and help in answering complex questions. These capabilities of
the collections hold significant potential for managing health
data effectively for all sorts of patients, particularly those with
complex medical histories or multiple comorbidities [13]. By
organizing abundant data around health issues, collections help
patients avoid fragmented health impressions, a common
challenge for those with multiple comorbidities. Patients who
see multiple specialists can use collections to track the
development of specific issues and share insights across
providers, raising awareness and improving care coordination.

More precisely, our proposed concept of collections allows
patients to dynamically organize, adapt, and explore their health
information based on evolving needs and available data. For
example, a patient managing cardiovascular issues might create
a Blood Pressure collection to consolidate related records, which
could later branch into more specific collections such as Extreme
Blood Pressures or Blood Pressure Lab Work. These refined
groupings help uncover patterns and dependencies among factors
such as BMI, diet, cholesterol levels, and blood pressure,
enhancing understanding and facilitating proactive management
of health conditions. Gathering insights from the collections
may also help patients have more productive discussions with
their providers.

In our study, we extended the capacity to transform EHR data
into collections and facilitated reasoning regarding them. As
patients’ sensemaking of health data is driven by finding
outliers, correlations, and trends [7,16], we enabled capabilities
to identify data patterns within the collections. In addition, we
supported the assembly of relevant medical records for the
collections by helping patients visually explore, find temporal
patterns [17-20], and make sense of their EHR data within a
single, context-preserving view [12]. Acknowledging patient
requests for automation [13], we offered manually assembled
and system-assembled collections. We also allowed for personal
data input through free-text notes, fulfilling previously identified
patient needs [13].

A notable advancement in our work is moving from mock-ups
[13] to a fully functional mobile app, Discovery. The app
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provides patients with a realistic platform to interact with
collections, uncovering deeper insights into preferred
mechanisms for creating, refining, and using these collections.
Moreover, we intended to motivate patients to see collections
as tools for self-advocacy during clinical visits, which was
identified as a key use case in our earlier research [13].

Objectives
In this study, we used the Discovery app to explore patients’
needs, preferences, and desired interactions for organizing EHR
data and delve into potential use cases. More concretely, we
asked the following research questions (RQs):

• What are the needs and feature preferences for organizing
EHR data from multiple providers? (RQ 1)
• What are the patients’ experiences with creating and

building collections?
• How effectively does our app allow patients to organize

their EHR data using the concept of collections?
• How can we better meet patients’needs for meaningful

EHR data organization?

• What purpose would organizing the EHR data in collections
have? (RQ 2)

To answer these RQs, we conducted a qualitative evaluation
study with 14 participants.

Methods

Description of Discovery

General Overview
Discovery is a noncommercial iPhone app designed to help
patients make sense of their EHR data. It introduces a novel
concept that organizes EHR data into personalized,
problem-based collections. In addition, it allows patients to add
their own observations and insights, providing context and
complementing their medical records with patient-generated
data (PGD).

For this study, the app was restricted to accessing synthetic
EHR data through a Fast Healthcare Interoperability Resources
(FHIR) format [21] from the SMART Health IT repository [22].
Discovery accesses only structured EHR data and relies on a
2-level hierarchy. At the highest level, there are the record
categories (“Conditions,” “Immunizations,” and “Vital Signs”).
Each record category has multiple record types (“Vital Signs:
Body Height,” “Body Weight,” and “Blood Pressure”), and
each record type can have multiple instances (“Blood Pressure:
systolic: 125, diastolic: 90,” and “date: 02/01/2022”). Each
instance of data in our app is called a record and corresponds
to an FHIR resource with standardized attributes.

Organizing Records in Collections
The manually created collections are called Builds (creation
shown in Figure 1A and list shown in Figure 1B), whereas the
app-assembled collections are called Updates (Figure 1C).

Figure 1. (A) Creation of a new collection; (B) list of patient-built collections—Builds; (C) list of system-generated collections—Updates.

Patients can manually create a new collection (Figure 1A) by
entering a name and additional metadata. To prioritize and
distinguish the collections, we introduced descriptors: purpose,

tags, and priority. For example, in Figure 1A, the patient created
a High Blood Pressure collection with the purpose Clinical Visit
for an upcoming appointment. They also added tags such as
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hpb, sweating, and shortness of breath for reference. The priority
descriptor indicates that the collection addresses a current and
urgent issue. Patients can modify any of this information as the
collection develops and changes.

As patients repeatedly create collections, their EHR data
transform into a problem-based list, as shown in Figure 1B,
which includes health issues such as back discomfort, hamstring
tightness, and high blood pressure. Collections are displayed
with their name, creation and last modification dates, record
count, number of patient-added notes, and labels for current
(green clock) and urgent (danger sign) issues. An information
button provides a summary with explanations. For example, the
High Blood Pressure collection was created on December 31,
2021, and last modified on January 31, 2022. An information
panel summarizes its contents: 9 records, 6 notes (4 for the
collection and 2 for individual records), and tags for detailed
search (hpb, sweating, and shortness of breath).

Updates automatically familiarize patients with the latest
relevant events without requiring any action on their part (Figure
1C). The app scans all records and matches predefined
templates, such as recent encounters, laboratory test results, and
vital signs. In Figure 1C, 3 Updates are listed—Last Encounters,
Last Lab Results, and Last Vital Signs—based on the last 5
dates when corresponding records were logged by the provider.
The list entry follows the same structure as that of the Builds

without the labels for currency and urgency. Although records
in an Update cannot be changed, patients can add and remove
notes. Patients can also clone an Update into a new Build and
rename it if needed, allowing them to reuse and customize the
assembled records for specific purposes. The reason for having
this distinction between Updates and Builds is to delineate what
the system and the user have produced and which entity is
responsible for the collection that might have led to certain
actions.

Identifying Relevant Records and Patterns for
Collections
Discovery offers an interactive visualization to find patterns
within records. The Timeline depicts record counts in equal
time intervals, showing the prevalence of medical events. A
dotted horizontal line marks the threshold above which the
volume of records is considered abnormal, corresponding to
the mean record count per interval. Gray triangle glyphs indicate
values between the mean and 2 SDs, whereas red triangles
highlight values of >2 SDs. By highlighting individual records
or entire record types, patients can explore patterns that may be
saved in existing collections or trigger the creation of new
collections. For example, Figure 2A shows periodicity of
influenza shots (when and how frequently influenza shots were
administered), Figure 2B shows the co-occurrence of high blood
pressure and high BMI, and Figure 2C shows the absence of
respiratory conditions after an amoxicillin prescription.

Figure 2. Finding medical event patterns: (A) periodicity of influenza shots (showing when and how frequently influenza shots were administered),
(B) co-occurrence of high blood pressure and high BMI, and (C) absence of respiratory conditions after an amoxicillin prescription.

The FHIR resources (ie, medical records) are represented with
Record Cards, which display the clinical information in
human-readable format. Patients can use a Filter and Date Picker
to narrow down record categories and time frames for displayed

records. Selected record categories appear in a Sliding Tabs
control, allowing patients to swipe left or right for immediate
access. Clicking on a record category in the Sliding Tabs
organizes it by record type, represented with Accordions (eg,
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the Accordion for Immunizations category will have 3 sections
for the Flu shot, Tdap, and Zooster record types). Patients can
expand the Accordion sections to scroll through individual
Record Cards. For example, Figure 2A shows 8 Record Cards
for the influenza shot under the Immunization Accordion
section. Accessing and revisiting records involves swiping the
Sliding Tabs and selecting record categories, with Accordions
retaining their expanded or collapsed state and scrolling position.
This method is more context preserving compared to existing
solutions, which require repeated back-and-forth navigation
through different views for each record category and record
type.

Producing Insights for the Collection
Patients can save individual records or entire record types by
tapping the bookmark icon in the corresponding Record Card

or Accordion section. Figure 3A demonstrates adding individual
Blood Pressure records to a collection using a Record Card.
Records can be removed from collections by tapping the selected
bookmark again.

To identify data relationships and produce insights, patients can
inspect a collection in the Collection Review (Figure 3B). Here,
records can be viewed by type, date recorded in the provider’s
EHR system, or time added to the collection. When sequence
matters, records can be ordered chronologically. Patients can
also remove records in the Collection Review by tapping the
selected bookmark. For example, in Figure 3B, the patient views
records grouped by recording dates in descending order, with
yellow bars indicating record counts by date. They observe high
blood pressure and high BMI co-occurring 3 times, suggesting
a pattern that may need further investigation or discussion with
a physician.

Figure 3. (A) Saving a record to a collection and (B) reviewing the collection and inspecting data patterns.

Supporting PGD
Patients can enter notes for a collection (Figure 4A) or individual
records within it (Figure 4B) to add personal insights, progress,
observations, details, or disease journal entries. Notes can be
modified or removed at any time. In Figure 4A, the first note
provides context on past high blood pressure experiences. The

second note serves as a reminder to mention occasional high
blood pressure to the general practitioner. The currently created
note adds context about noticing changes in blood pressure after
stopping regular workouts. In Figure 4B, the patient
contextualizes a high blood pressure measurement taken during
a stressful period at work and notes the recurrence of high
values.
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Figure 4. (A) Adding a note to a collection, (B) adding a note to a record, and (C) searching the collections.

Searching the Collections
Free-text search targets the collection name, purpose, and notes
(Figure 4C), as well as tags and priority. Results dynamically
update as the search query is constructed.

Study Design

Participants
We recruited 14 participants from our email list compiled from
previous recruiting efforts and Craigslist. This number is
sufficient to uncover usability issues and provide rich findings
as per current design research practices [23] and literature on
user feedback quality [24]. We balanced the sample by age,
gender, and medical history (including healthy individuals,
those with acute episodes, and those with chronic illnesses).
Eligibility criteria included adults fluent in English; possessing
an iPhone (iPhone 6 or above) and a laptop or desktop computer
(screen size of 13“ or more) with a stable, fast internet
connection for both devices; and with normal or corrected
vision, no color blindness, and medical records from one or
more providers. Medical history was self-reported.

Table 1 illustrates the detailed participant demographics
collected using the questionnaire from Table S1 in Multimedia
Appendix 1. Our 14 adult study participants included 10 (71%)
women and 4 (29%) men aged 24 to 61 years (mean age 35.6,
SD 12.6; median 30.5 years). All had some college experience:
half (7/14, 50%) held bachelor’s degrees, 14% (2/14) had some
graduate experience, and 14% (2/14) had completed master’s
degrees. Participants had between 2 and 15 health care providers,
with half (7/14, 50%) having ≥6. The 29% (4/14) of the
participants who were healthy saw physicians a few times a
year. Those with chronic illnesses had been managing their
diseases for 1 to 20 years.

All participants were comfortable with daily technology use,
and 21% (3/14) had work experience in data analytics. Most
(11/14, 79%) used third-party apps to track mental health, weight
loss, sleep, and exercise. All but 1 (13/14, 93%) used
provider-patient portals to review test and laboratory results,
refill prescriptions, and schedule appointments. However,
participants found it cumbersome to remember multiple
passwords and difficult to find specific information due to
interface issues. Data sharing among providers was often slow
or impossible, forcing participants to print and assemble records
for clinical visits.
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Table 1. Participant demographics.

Health care providers, NMedical issuesEducational levelSexAge (y)Participant ID

7-8High blood pressure, sleep apnea, fatty
liver (stage 3), and liver transplant

2-year collegeMale61P1

6-7High blood pressure, prediabetes, obesi-
ty, and hypothyroidism

Some collegeFemale45P2

2Hypertension and goutSome graduate school (in-
complete degree)

Male51P3

5Childhood asthma, recent hernia surgery,
and mental health therapy

Bachelor’s degreeMale24P4

2No chronic issuesBachelor’s degreeFemale24P5

3-4No chronic issuesBachelor’s degreeFemale27P6

Approximately 13Physical and mental (20 years)Graduate degreeMale28P7

3-5Thyroid condition (many years)Master’s degreeFemale37P8

≥12Chronic migraines (10 years) and hemi-
plegic migraines (1 year)

3 years (incomplete degree)Female29P9

10-15Yes—5 yearsBachelor’s degreeFemale59P10

3-5No chronic issuesBachelor’s degreeFemale25P11

3Anemia (2 years) and IBSa (10 years)Master’s degreeFemale33P12

>5Asthma (since she was a baby) and

EDDb (10 years)

Some college (incomplete
degree)

Female19P13

3No chronic issuesMaster’s degreeFemale32P14

aIBS: irritable bowel syndrome.
bEDD: eosinophilic digestive disease.

Procedures
Inspired by existing patient portal usability studies, the study
procedures were tailored to our RQs [23,25,26] and are
presented in Figure 5. The study was conducted remotely via
Zoom (Zoom Video Communications) meetings. Participants
downloaded our app on their iPhone using Apple TestFlight for
beta testing [27] and mirrored their iPhone screen on their laptop
using AirServer (App Dynamic ehf.) [28]. The laptop screen
was then shared with the researcher for observation.

Participants attended an initial 60-minute session (session 1)
and a follow-up 45-minute session (session 2). Both sessions
used the concurrent think-aloud protocol to gather rich
qualitative data on user needs, perceptions, and preferences
efficiently [29]. Textbox 1 illustrates 2 example topics and
detailed tasks for creating a toy collection and realistic collection
from sessions 1 and 2, respectively. The full set of 13 topics for
both sessions and their detailed tasks that follow a similar
structure are shown in Tables S2 and S3 in Multimedia
Appendix 1.

In session 1, the researcher first collected demographics and
digital health consumer information from participants (Table
S1 in Multimedia Appendix 1). The session then evaluated the
usability of the app (RQ 1). Participants were introduced to the
app’s key concepts and features and were then given tasks to

learn the interactions for creating and assembling relevant
records in collections. After each task block, participants
provided feedback. Tasks included creating a toy collection,
adding descriptors, exploring scoping mechanisms for record
categories and time ranges, navigating records using the Sliding
Tabs, and inspecting the interactive Timeline visualization.
Participants also completed tasks related to finding periodicity,
co-occurrence, and pretest-posttest analysis of medical events
using the Timeline; saving records to a collection; and reviewing
it. The session concluded with feedback on the intuitiveness,
usability, and usefulness of creating, building, and reviewing
collections, as well as data exploration and pattern detection
features (Textbox 2).

Session 2 focused on the usefulness of collections in real-life
settings (RQ 2). Participants performed tasks involving creating
a collection tied to a specific issue (eg, high blood pressure)
and purpose (eg, clinical visit). After each task block,
participants provided feedback. Tasks included creating a High
Blood Pressure collection, adding descriptors for a clinical visit,
selecting records related to high blood pressure, identifying
patterns in selected records, adding notes to the collection and
specific records for clinical context, and using the search feature
to find other collections. The session concluded with feedback
on the usefulness of collections, brainstorming real-life use case
scenarios, and suggesting potential improvements (Textbox 2).
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Figure 5. Study design—14 participants for 2 one-on-one sessions with a researcher. Session 1 focused on usability, and session 2 examined usefulness.
Feedback was collected on how participants would use collections for their own data and needs.

Textbox 1. Example tasks from sessions 1 and 2.

Session 1: creating a collection (5 min)

• For the purposes of learning the basic mechanics around building a Collection from scratch, first Create a new Collection and name it “Toy
Collection.”

• Now, let’s add some descriptors about the Collection.

• Please add a purpose to the Collection, something related to learning about this app.

• Now, add a couple of tags to further describe, summarize or annotate the Collection for future quick access.

• Finally, specify the priority of this Collection by marking it as urgent.

• What was your experience with creating the new Collection?

• How intuitive was it? Have you seen similar interactions elsewhere?

• How useful do you find the descriptors for the Collection?

• Now, let’s go back to the list of Collections. Let me know how can you see the details about the Collection you just created?

• How intuitive was it?

• What are possible improvements?

Session 2: building a collection (15 min)

• You will now create a Collection that is more realistic and meaningful for use in a real-life scenario. We will assume that you are preparing for
an upcoming visit to your physician’s office related to potential issues with high blood pressure. Create a collection called “High Blood Pressure.”

• Add the purpose for the Collection

• Add a few tags

• Mark its priority

• Add the Records with blood pressure with systolic value over 120 and BMI over 30.

• What was your experience with assembling the Records for the Collection?

• How laborious was it?

• What are some ways in which we can make this assembling process more efficient?

• How do you feel about having the system prepopulate the Collection for you and let you modify it afterwards?
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Textbox 2. Feedback collected at the end of the study sessions.

Session 1 example tasks

• What was your impression of this app?

• What did you like?

• What did you dislike?

• How intuitive was the app?

• How easy or hard was it to explore the data?

• How useful were the features in the app to identify patterns in the data?

• How did you like the mechanism for saving Records in the Collection?

• What are some improvements you would like to see?

Session 2 example tasks

• How useful do you think the Collections can be for you?

• What are some use cases for the Collections that you can think of?

• What are some improvements you would like to see for the Collections?

• Automatic support for building Collections?

• Automatically finding data patterns in the Collections?

• Patient-generated data?

Data Collection
We recorded the Zoom meetings for audio and video capture
of the entire interaction. The first author also took notes during
the meetings.

Data Analysis
Audio recordings were transcribed using Rev (Rev.com, Inc).
We analyzed video recordings for additional context and a
deeper understanding of participant comments during the
think-aloud protocol. Video annotations were added to the
transcripts and session notes [23] for reflexive thematic analysis
[30]. The first author began by open coding the textual data.
Emerging categories were reconciled in meetings with the
second and last authors to identify use cases and detailed
approaches to organizing and annotating EHR data. These
themes were validated in a group meeting with researchers
unfamiliar with the collection concept and with our app.

Ethical Considerations
The Harvard Faculty of Medicine Institutional Review Board
approved this study (protocol IRB20-1757). Participants signed
a consent form, which also allowed them to opt out of the study
at any point. Each participant received a US $40 Amazon gift
card as compensation. The data obtained from the study sessions
did not include any identifiable information about the
participants and were stored on a password-protected computer
with encryption. Only the research team had access to these
data.

Results

Overview
The results from our study are organized and analyzed around
five qualitative themes, two applicable to RQ 2 and three
applicable to RQ 1: (1) using collections for personal benefit
(RQ 2), (2) using collections in a clinical setting (RQ 2), (3)
creating and building collections (RQ 1), (4) enhancing
collections (RQ 1), and (5) accessing collections (RQ 1). In the
remainder of the Results section, we characterize the participants
and report on these themes using 16 quotes from 11 different
participants. The participants are labeled as P1 to P14.

Purposes for Organizing the EHR Data in Collections

Using Collections for Personal Benefit

Quick Access to Information

Participants perceived the Collections feature as a way to index
information at a suitable level of granularity for health issues,
topics of interest, or conditions to monitor. They expected that
this would give them quick access to current or urgent problems
that were being managed:

Personally I would like to monitor my asthma because
I am using medication for that, the typical inhaler,
but I would like to monitor, these days I had certain
attacks or shortness of breath, so collections, having
it back for that specific condition is very useful to me,
because I wouldn’t have to speculate about when my
last attack was or when my last appointment date
was, it’s right here for me to access. [P13]
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Reflection on Medical History

Participants viewed collections as a tool to construct and
understand their medical history. They expected collections to
serve as a repository for the health issues they faced, aiding in
reflecting on the existence, prevalence, and development of
their health conditions:

This will be able to find what happens when I have,
in my case, headaches related to my high blood
pressure and nothing else, or if you’re sick for the
flu, influenza and you have fever, it’s just related to
the influenza, not to the COVID. [P1]

Keeping Track of Health Status

Most participants envisioned using collections to track their
health status proactively. This included monitoring urgent issues
needing immediate attention, unstable conditions requiring
frequent observation, and treatments needing careful monitoring.
Participants also wanted collections to track abnormal laboratory
test results and vital sign values across various health issues:

Well, for me, it’s kind of good [to have medical
records organized in collections], especially, for
example, blood samples, especially those with high
triglycerides or something. Maybe I can collect them
and see whether there’s a trend for this month, or for
January, I’m high in this one. Then second month,
I’m also high, so maybe I can lower it down...For
collections, just categorize those. Which are high,
which are low. [P5]

Journaling Daily Events

Most of the participants envisioned using collections as a
personal diary for coping with diseases and logging
measurements and their effects on lifestyle. They wanted to
track challenges, successes, and progress toward finding
solutions and monitor disease developments:

What I’ve done is I’ve taken all of my videos and stuff
since February. Like I said, I’ve been to eight different
doctors and I’ve shown them, this is the progress of
what’s happened from...I’ve had two surgeries before
this surgery where they lanced it, cut it, drained it.
Nothing happened. The cyst came back and then it
went into my bone. So I’m able to bring these photos,
I’m able to bring this timeline, I’m able to bring my
frustrations and show this doctor within 30 seconds
[using a collection], look, this is what it looked like.
And this is my own diary, my own history. It’s very
important because they’re a doctor. They don’t know
me, they don’t know what it looked like on day one.
[P10]

Learning From Past Experiences

Nearly all participants wanted to use collections to identify
trends and patterns in their ongoing health experiences, including
co-occurring symptoms and treatment effects. They also
intended to log food intake, sleep, activity, or stress factors to
find triggers for symptoms:

I think I could definitely use them there. It’s a lot
easier now because I could highlight the certain event,

and put like my triggers down with it, like migraine
on the third was this, you could even put what you
took with it. So for me, I would look back and be like,
“Oh, I can tell my doctor that, I’ve had 10 migraines.
I took a medication with these three. What’s my
options.” So I think that would be great, it’s a great
tool that I can actually do that with this app. [P9]

Using Collections in a Clinical Setting

Preparation for the Clinical Visit

Most participants would use collections to prepare talking points
for clinical visits combining personal measurements and notes
with medical records from other providers (eg, laboratory and
test results). This was crucial because their physicians often did
not have access to external data:

For collections, I would say that if I’m meeting with
multiple providers about one health issue, I could see
myself combining all my records there so that multiple
providers can see each other’s records...I would
probably [use the notes], if I needed to jot down a
certain time that I took a measurement, or if my
doctor told me keep track of what you ate that day,
or kind of anything that I would want to have the
details for the next time that I go and see the provider.
[P6]

Relying on Collections During Clinical Visits

All participants wanted to share collections with their physicians
during clinical visits to establish ground truths, raise awareness
of other providers’ information, and provide transparent talking
points. They believed that adding PGD to collections could
describe what happened between visits and raise their
physicians’ awareness:

If you have a condition, you need to check on your
blood pressure. You need to communicate that with
your doctor, so you can add a note [in the collection]
saying like, “Latest, highest blood pressure from this
week,” from a date. [P14]

In addition, most participants felt that taking in-visit notes and
saving them in a collection could help them understand care
plans and take appropriate actions afterward:

Maybe [taking notes in the collection for the clinical
visit] just for your own personal reference or if you
wanted to bring it up later on in another appointment
or something, or just maybe, I guess, just general
recording of something that happened during that
visit. [P11]

All participants saw physicians as essential partners in reviewing
collections and deciding on actions based on their contents. This
was primarily because most participants doubted their expertise
in determining what should go into collections or which
collections to create. While they were very open to include their
physicians in the collection curation, some feared that they
might overburden physicians with verification inquiries:

I guess I would definitely do that [look for patterns
in the data and store them in a collection] just
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because I can actually consult the doctor. Is this
actually correlated or will I have to change my diet
because it affects this? At least you can ask the doctor,
or confirm whether that is true or not. [P5]

Needs and Feature Preferences for Organizing EHR
Data in Collections

Creating and Building Collections

Manual Workflow for Creating and Building Collections

Overall, all participants expressed satisfaction with the clarity
and simplicity of the mechanics to create collections and save
records in them. However, those with less medical knowledge
and disease experience (relatively healthy and recently
diagnosed individuals) thought that initiating and building
collections was challenging. For them, it was not always clear
what issues deserved separate collections, what records to
include in a collection due to delicate dependencies, and why
they should invest substantial time and effort in assembling
collections. In contrast, the more experienced (chronic) patients
were relatively confident in their ability to carve a personalized
view of their EHR data. However, some did acknowledge that
they might not be as exhaustive and reliable in their data
organization.

Participants quickly mastered using the Sliding Tabs with
Accordions and appreciated the context-preserving record
exploration. However, most of the participants found it
challenging to assess the relevance of individual records due to
unexplained clinical language and attribute values. Participants
requested explanations, prominent visual cues for abnormal
values to attract their attention, and time-series visualizations
for additional context and noticing trends. They also wanted to
be able to sort by date or attribute value, with filtering
capabilities that also included adding the filtered records in bulk
to a collection.

Some participants desired collections with richer internal
structures, recognizing the need to identify subsets of records
and their importance within a collection. They suggested linking
groups or individual records using specific annotations for easy
identification during visual inspection or search:

...maybe if certain records are related to each other.
So I would want to mark that. And then maybe just
have a way of sorting down based on certain labels.
[P8]

Automatic Support for Building Collections

Participants were highly receptive to discussing ideas that could
automate building collections. They were interested in seeing
their records automatically put into collections based on
provenance (provider, physician, hospital, location, and date)
and clinical meaning (condition, disease, organ, organ system,
and abnormality of the values across records). Some also
suggested grouping records into collections based on personal
annotations. For all these groupings, they wished to be able to
edit the collection manually:

If I had neurological problems, neurology collection.
If I had urological problems, urology collection. I

think that for me at least would seem a more
straightforward way to categorize them. But from the
categories I’ve already seen, I find those useful. [P4]

Several participants suggested using a “seed” to automate
collection building, such as naming a collection, adding
keywords, or including a few records:

And I think a lot of patients don’t know where to start,
what data to begin with. So if it’s something that’s
already preset, they say, “Okay, I’m suffering from
depression or I have diabetes.” And the system pulls
the different data points that they would need to look
at for someone who’s diabetic or someone who’s
dealing with depression, I think that’s helpful.
Because sometimes, the problem is you don’t know
where to start and you don’t know what to look for.
[P11]

Finally, most of the participants wanted to receive automated
help to add or remove records for a collection that had already
been created. Few described wanting to choose from a list of
suggested records based on the existing content of a collection,
revealing records and record patterns otherwise invisible to
them. Others saw this automated record offering more as an
idea generation approach—needing some follow-up validation,
including taking it up with their physicians:

When I work, I want to listen to some music and then
I’m like, okay. I just don’t know what’s next. I need
something similar to this, the same vibe, but I just
can’t think about that. And then there is suggestions.
And yes, some of it’s weird. But maybe like the doctor
can also have some help here, and when you review
the collections together, they might say, “Hey, listen,
this is what the system gave you and that’s great.
Let’s remove a few things. I would suggest you add
a couple others. And whatever you put there, it’s also
fine. And let’s keep it that way.” [P6]

Enhancing Collections Through Personally Provided
Data

Making Collections Complete

Participants strongly expressed the need to complement their
EHR data with daily entries from sensors; self-monitoring
devices; and manual measurements of symptoms, treatments,
and outcomes in various formats (text, photos, videos, and
scanned documents):

Actually, I think you can sort of restructure the whole
core of the collections on top of two main pillars. The
first one would be all of the doctor’s data, which is
basically hard data, which allows you to diagnose,
allows you to run statistical analysis...That could be
part of the core data, but all of the context, maybe
I’m getting this shortness of breath in my home,
watching my TV, might be added by the notes. You
have these two types of data. By adding the user data,
would allow me to get context, give context, which is
important and will allow me to, on a daily basis, keep
a record, which in case of data like shortness of
breath, I’m having, I’m not having. Would allow the
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doctor to have a really unbiased input on symptoms
I’m having. [P7]

Participants wanted to log detailed observations and
measurements, pairing treatments with outcomes and symptoms
with triggers. They suggested dedicating a special PGD record
category for these data, with some preferring complex structures
and others favoring simple data entry options:

I would probably use the notes quite often just to
maybe outline the symptoms I was experiencing and
the steps I took to alleviate those symptoms or which
doctors I contacted. [P13]

Making Collections Distinguishable

Participants liked the existing collection descriptors and
suggested additional ones. They wanted labels for clarity (clear,
unclear, or potential issue), stability (stable or unstable), progress
toward resolution, development stages (nonthreatening or
threatening), and a list of involved providers and physicians.
When collections were related to clinical visits, participants
wanted to specify the targeted physicians.

Making Collections Actionable

Participants believed that organizing medical records by health
issues in collections was a good start but thought that
actionability could be improved with specific insight notes and
annotations applied to entire collections:

And then as far as the purpose of adding a note to the
whole category, I would say that, like you said, if you
happen to notice any patterns when you’re looking
at the data, or basically I would use it for any general
or bigger-picture takeaway that I wanted to tell my
doctor, “Hey, I noticed this” or something and I
wanted to bring it to their attention. [P6]

Participants envisioned using collection-wide notes to
summarize contents or purpose, track progress, describe issue
development, and highlight special events. They also wanted
notes representing care plans and actions prioritized in a to-do
list. Participants intended to use collections to prepare for
clinical visits with questions, reminders, and critical
measurements. They also saw value in adding collection notes
about visit outcomes, key takeaways, and next steps.

Some participants wanted to annotate and highlight keywords
or add tags to free-text notes for organized review and pattern
identification.

Accessing the Collections
All participants emphasized the importance of fast, reliable
access to collections and their contents. They primarily relied
on collection descriptors but also desired a deep search feature
that would scan through individual records, notes, and
annotations within collections.

Discussion

Principal Findings
We identified 3 principal findings of our study. First, participants
embraced the collection concept. Unrestrictedly organizing EHR
data into collections that map medical records to health issues

and track ongoing concerns gave participants a sense of
ownership. They felt empowered by developing personalized
health narratives that could aid in self-management and
communication with their physicians, enhancing their
self-advocacy. Second, while participants easily mastered the
interface for initiating and adding records to collections, they
found the process laborious. They lacked confidence in selecting
appropriate records due to limited medical knowledge and
requested additional visual cues, explanations, and automatic
collection features. There was concern about potential
self-misguidance without physician verification. Third,
collections would need richer PGD capabilities for adding
contextual information not found in participants’ EHR data,
logging observations, and labeling data. This would enhance
the comprehensiveness and accuracy of their health narratives
and support foraging, sensemaking, and action taking.

Interpretation of the Findings and Contributions

Overview
On a broader scale, this work contributes to patient-centered
care. This is achieved by demonstrating potential to enhance
patients’ grasp of their health, encourage self-advocacy, and
improve patient-provider communication. More accurately,
there are several concrete contributions of our work that can be
considered as proxies toward achieving the aforementioned
objectives: (1) encouraging patient ownership of their EHR data
by organizing them into personalized, health issue–based
collections; (2) understanding patients’ perceptions and
preferences for creating, building, and using these collections;
and (3) offering design insights for automating collections,
integrating rich PGD, enhancing access to collection contents,
and using collections to facilitate patient-provider
communication.

Going forward, we will situate our findings within a
sensemaking framework and discuss contributions related to 3
key patient needs: increasing awareness through independent
health sensemaking, proactivity through efficient action taking,
and self-advocacy through incorporating evidence-supported
patient perspectives into patient-provider communication. We
will elaborate on how collections can meet these needs and offer
design implications to enhance their capabilities.

The Role of the Collections in Supporting Sensemaking
To explain the collections’ role in sensemaking, we used the
model by Pirolli and Card [6], which divides the sensemaking
process into 2 subcycles: the foraging loop and the sensemaking
loop. On the basis of this model, collections can be described
as a space for assembling relevant data about a topic, finding
relationships between them, and storing outcomes from the
sensemaking. In the foraging loop, patients gather relevant
records to answer questions such as the following—“Is there a
relationship between my weight and blood pressure?”—and
save them in a collection, such as Weight vs. Blood Pressure.
In the sensemaking loop, patients identify information
relationships within the collection that they capture in notes,
such as instances where there was co-occurrence of high blood
pressure and high body mass. These notes help argue hypotheses
such as the following: “My blood pressure is high when I’m

JMIR Hum Factors 2025 | vol. 12 | e50331 | p.773https://humanfactors.jmir.org/2025/1/e50331
(page number not for citation purposes)

Nakikj et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


overweight.” The outcome of this sensemaking process could
be a comprehensive note for a clinical visit.

While, in their current form, collections respond to the needs
of the sensemaking model by Pirolli and Card [6], improvements
can be made to make this more efficient. This study revealed
that medical records alone are not enough for reliable
sensemaking. Adding PGD such as symptoms, measurements,
outcomes, and everyday events is essential for creating
comprehensive collections. The foraging loop can be made less
laborious and time-consuming if there are additional visual cues,
medical explanations, filtering capabilities, and automatic
support to improve the relevance and reduce the effort of
assembling collections. The sensemaking loop could be
improved by adding more schematization capabilities such as
annotating medical records and PGD to identify patterns later
(eg, symptom triggers, medication effects, and correlations) and
grouping records within collections, labeling those groups, and
establishing group relationships with explanations (eg, linking
“cholesterol lab results” with “food intake” as “food effects on
cholesterol” in a High Blood Pressure collection).

Reliability of Collections
According to our study, there are 4 main factors that can
influence the reliability of the collections: robust coverage of
health issues, provision of PGD, grouping and linking of medical
records and PGD within a collection, and verifying the contents
of the collections. This reliability is related to collections’
capability to aid in creating personalized but realistic health
issue narratives, support self-management, and stimulate
awareness and proactivity.

Robust Coverage of Health Issues: Relevance Assessment

Collections should ensure that patients can create collections
for their most important health issues to support awareness and
proactivity. Participants desired visual cues, explanations, and
automatic support to determine which collections to create and
what records to include.

While participants found the context-capturing data exploration
using Sliding Tabs and Timeline convenient, they needed more
to identify relevant records quickly. Future tools could
incorporate Accordions that summarize record types, graph
values over time, and highlight abnormal or extreme values. In
addition, patients should be able to expand individual records
to see explanations of clinical terms and clinical meaning
interpretations. While there is existing work related to
visualizing time series of EHR data [17-20] and automatic
provision of short explanations [31], this study shows the need
for combining them in a new way to support relevance
assessment for a novel purpose—constructing collections.
Finally, patients should be able to order and filter records by
attribute for quicker browsing and bulk addition to a collection.

Automatic support should also be provided for creating and
building collections to save time and ensure robust, reliable
coverage of health issues. Our previous work highlighted the
need for automating collections [13], and this study highlights
a clear preference for automatically grouping medical records
by clinical meaning—whether thematically or guided by patient
input. Thematic collections would be those that tie records

together based on conditions (bronchitis or diabetes) and
procedures (stent placement or appendix removal) or with
respect to organs (heart or kidneys) or organ systems
(cardiovascular or renal). Alternatively, patients could specify
a seed by setting parameters such as the collection’s name, tags,
or initial records. The system can offer candidate records to
include or delete with confidence scores and explanations.
Patients could then refine these system-generated collections
by adding or removing records, PGD, and tags.

Addressing automatic support for collections may be challenging
due to subtle relationships between medical records [32-34].
However, starting with easier constructs such as time stamps
(eg, medical records from the same day, week, or month), FHIR
links (eg, medical records from the same encounter or
physician), abnormal values based on well-established clinical
guidelines (eg, high or low blood pressure or cholesterol), test
findings (eg, positive and negative), and patient tags (eg, triggers
or pivotal events) is a feasible approach.

Provision of PGD: Sensemaking Data Completeness

Collections should include PGD to improve data completeness
for sensemaking. Previous research has suggested that
maintaining consistent PGD logging over time is difficult [35].
However, this should not be considered a barrier or a
prerequisite for the collections’ success. Patients’ motivation
and preferences for PGD logging intensity vary based on their
disease self-management state [36]. When setting goals and
learning strategies, patients prefer meticulous data collection.
Once goals and strategies are in place, logging intensity
decreases. In addition, if physicians require PGD logging for
treatment planning, patients are motivated to engage in it
[36,37].

Thus, collections should enable flexible and efficient PGD
logging. Disease-specific contexts such as irritable bowel
syndrome [38], diabetes [7], and migraine [39] have explored
health sensemaking without focusing on diverse data types.
This contrasts with patients’ desire to log PGD for various
medical issues within a single application [40,41] using a
universal logging model for different observations [42,43]. To
address this issue, we propose a straightforward workflow where
patients initiate free-text entries and use tags to specify the type,
quality, or other details. This mechanism allows for quick data
capture and embellishment at convenient times.

Tags can classify PGD as clinical observations, everyday life
events, or notes. Further specification can be added using tags
such as symptom, measurement, treatment, and outcome for
observations; meal, exercise, meeting, and deadline for life
events; and context, personal note, and visit note for notes.
Additional tags such as absent, normal, high, low, extreme,
improvement, deterioration, pivotal event, trigger, or relaxer
can be used for further detail that captures the quality and
importance of the logged data. In addition to these
system-offered tags, patients can also create their own custom
tags for better personalization.
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Grouping and Linking Within Collections: Schematization
Capabilities

Patients need to connect medical records and PGD within
collections for easier sensemaking. Future tools should add
structure by enabling record grouping and linking of groups or
individual records. This helps highlight important subsets of
records and trace major conclusions as collections grow.

We recommend using a simple yet powerful tagging concept.
Records sharing the same tag can form a group, whereas links
between groups can be specified using related tags. The same
mechanism can link individual records with other records or
groups, providing nuanced sensemaking. This approach aligns
well with the proposed PGD tagging model that can be applied
to medical records as well.

Collection Verification

Collections represent the patient’s personalized perception of
their health and issues. As such, they should undergo occasional
verification by the patient’s physician for safe decision-making
and action taking. While collection verification may add to the
physician’s workload, it can inspire and enable patients to
manage health issues more independently. That said, patients
should consider the physician’s workload before requesting
verification [44].

Future tools could allow for the conversion of a collection into
a well–laid-out PDF document capturing all its contents. This
document can be printed for review during a clinical visit or
shared as a PDF attachment in the patient portal for verification
at the physician’s convenience.

Taking Actions Based on Collections
While annotating PGD is known to aid learning and disease
self-management [7,45], our findings reveal that annotations
can also enhance EHR data, creating synergy with PGD.
Participants expressed a desire to annotate their data for various
purposes: identifying triggers to avoid or encourage certain
behaviors, marking pivotal events to remind them of shifts in
health attitudes and management, and labeling outcomes as
desired or undesired to evaluate treatments and strategies. These
capabilities can be easily implemented using the previously
elaborated tag-based design for linking records.

To increase the awareness and prioritization of collections, we
previously proposed collection descriptors such as topic,
urgency, currency, and sentiment [13]. Participants found value
in these descriptors but expressed a need for additional ones
that can be classified as patient specified and data driven. Future
tools may include patient-specified descriptors for clarity (eg,
is the diagnosis clear?), stability (eg, is the treatment working
consistently?), severity (eg, is there a significant medical risk?),
and progress markers (eg, is the issue substantially resolved?).
Data-driven descriptors could be derived from the collection
data, indicating the time span (from the oldest to the latest
record) or listing the physicians involved (the providers and
physicians the records came from). Both types of descriptors
should be optional for patients to use as needed.

Providing an inner structure, enabling annotations, and
describing collections can improve information access and

expedite decision-making. Powerful search engines can use
these metadata to allow patients direct and easy access not only
to individual collections but also to their specific contents.

While these features can enhance collections’ actionability, it
is important to note that collections are not meant for making
independent clinical decisions by patients. Collections should
be verified by a physician to serve as reliable tools for
sensemaking and health self-management. However, collections
can always be invaluable tools for patients to understand their
health; organize thoughts, hypotheses, and insights; and
communicate effectively with their physicians.

Collection Use for Patient-Provider Communication
As observed in our findings, patients can use collections to
prepare for a clinical visit by devising checklists and organizing
thoughts supported by evidence. During the visit, collections
can be used for note taking and, afterward, for recording
reminders and follow-up actions. These uses indicate how
collections can start addressing known challenges during clinical
visits, such as problem presentation [46], information retention
[47], setting common ground, aligning goals, and understanding
instructions [48]. To effectively tackle such challenges, the
Collections feature should support richer note capturing and
collaborative data analysis in a collocated setting [49,50].

Future improvements in capturing PGD could make collections
more appealing to physicians. For physicians, PGD play a
crucial role in understanding the boundaries and context for
accurate diagnosis and optimal treatment [51]. However,
physicians often face problems with PGD, such as incomplete
data, inconsistent data structures, and insufficient time for
reviewing due to poor organization [52]. These issues arise
because patients use disjointed platforms to log their data,
lacking consistent models for logging different types of data
[52,53], and face challenges in efficiently using these platforms
[42,52]. Collections can help overcome these issues by providing
a single platform for logging PGD for various health issues in
a simple, universal way that allows for flexibility, organization,
and standardization.

An alternative approach to enhancing collections as a
communication tool and fostering physician collaboration in
their creation and verification is to introduce them as a shared
resource similar to Google Docs [54,55]. While this may seem
unconventional, it builds on the principles of OpenNotes [56].
OpenNotes provides access to and transparency regarding
clinical notes, enabling patients to improve their treatment and
EHR data quality by taking an active role in detecting errors,
raising concerns, asking questions, or seeking clarifications
[56,57].

Similar to OpenNotes, shared collections would follow the
principle of asynchronous communication and transparency.
However, shared collections could eliminate the expressiveness
constraints and lack of efficient ways to provide granular and
tailored context observed in existing messaging systems [58,59].
In addition, shared collections would enable direct editing of
underlying data in collaborative ways, minimizing
communication overhead.
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Moreover, shared collections would introduce a new
communication channel between patients and providers outside
the traditional patient portal. Synchronizing the digital traces
of care in collections with the provider’s EHR system to avoid
discrepancies and legal issues should be a top consideration in
future design iterations of the shared collection concept.

A Glimpse Into the Future: Collections and Generative
Artificial Intelligence
In the future, we should explore the potential of generative
artificial intelligence (GenAI) models to support patient
sensemaking through collections. Tools such as ChatGPT [60]
and Med-PaLM [61], which have demonstrated substantial
medical knowledge [62-64], can replace the need for
custom-made machine learning algorithms for
knowledge-intensive tasks.

In particular, GenAI tools can aid in automatic and iterative
collection construction with explanations and guidance. They
can analyze the data within collections for insights, including
medical records, PGD, notes, and tags. In addition, GenAI can
assist in composing case narratives and talking points for clinical
encounters. By offering this level of automation, GenAI can
help tackle the significant knowledge challenges while lowering
the labor barrier for patients’ sensemaking activities.

Using GenAI models, collection construction could rely on
natural language instructions such as the following: “Group my
EHR data by condition,” “Find all records related to my
bronchitis,” or “Identify records that don’t belong to this
collection and those that are missing.” GenAI models could
also deliver context, explaining why certain records are included
or excluded and providing educational material such as term
definitions and clinical implications.

In addition, patients can issue commands for identifying
relationships within their annotated data, such as “List all
triggers for my headaches over the last year.” Finally, they can
ask for help in constructing case presentations for clinical visits
(eg, “Based on my ‘High Blood Pressure’collection notes, write
a 100-word summary”).

To be useful for sensemaking, GenAI tools do not need to
achieve complete accuracy. While still striving for maximum
reliability, their main value should come from providing an
environment that enables and encourages patients to refine
artificial intelligence–generated outputs. As such, the
contribution of GenAI toward sensemaking would be evaluated
on its ability to help the patient efficiently produce a satisfactory
solution with minimal physician input.

Finally, existing approaches for supporting sensemaking through
search and interactive visualizations should not be disregarded.
Exploring the integration of GenAI, search, and visualization
is a prudent strategy as different sensemaking tasks related to
collection assembly, editing, and analysis may require diverse
approaches based on complexity, patient skills, and artificial
intelligence reliability.

Limitations
This study has several limitations. First, the cohort skewed
younger, likely due to recruitment via Craigslist (less popular

with older adults) and the complexity of the remote setup.
Second, participants used data from a fictitious patient, which
may have reduced their motivation to learn the app and their
ability to suggest real-life use cases. Third, participants had
limited time to learn how to interact with collections, possibly
affecting their perceptions of usability and utility. Future studies
should have participants use their own data with automatic
interaction logging. Despite these limitations, this study provided
valuable insights into designing patient-facing sensemaking
tools for organizing and augmenting EHR data.

Conclusions
Collections can potentially improve patient-centered care by
involving patients more in decision-making and encouraging
self-advocacy. Current assumptions often expect patients to
have the necessary skills, tools, and motivation. We believe that
collections can lower these barriers, encouraging patients to
increase engagement with their health data, better educate
themselves, and communicate more effectively with their care
providers.

Our study suggests that EHR data can be better used and more
useful for patients through improved organization and
annotation. This approach can incentivize patients to engage
more deeply with their EHR data, develop insights, and reflect
on their experiences. Patients felt that this empowered their
awareness, resourcefulness, and proactivity regarding health
issues, making them more prepared and better informed for
clinician interactions.

These findings support our premise that collections are a crucial
step toward patient empowerment and self-advocacy. With
appropriate improvements, collections can enhance patients’
expertise by facilitating sensemaking activities and enabling
insightful discussions with their physicians. First, collections
motivate patients to construct health models based on their
issues and ongoing problems. Second, patients gain medical
education by actively participating in the evolution of collections
through independent or system-assisted assembly and editing.
Finally, patients acquire additional medical knowledge by
engaging in meaningful discussions with their physicians and
considering their feedback on collection verification.

Our study highlighted the importance of integrating PGD with
EHR data. We envision a synergy in which patients use clinical
data as a foundation, augmenting them with their observations,
notes, and annotations to create personalized health narratives
that support better health management and provider
communication.

In the future, we should explore GenAI models to support patient
sensemaking through collections. These models could help
patients build collections, analyze the data within them, and
produce health narratives more efficiently. Such enhancements
may also reduce physicians’ workload for verifying collection
contents, leading to more focused, evidence-driven discussions
during visits.

Promising ideas from this work should be advanced carefully,
with gradual design improvements tested in real-life settings.
Respecting existing clinical practices and workflows can
facilitate quicker adoption and more significant changes in the
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future. We believe that collections can revolutionize how
patients interact with their medical records and communicate

with their providers.
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Abstract

Background: In response to the COVID-19 pandemic, the United States extended regulatory flexibilities to make telemedicine
more accessible to providers and patients. Some of these flexibilities allowed providers to intake patients over telemedicine and
prescribe certain scheduled medications without an in-person visit.

Objective: We aim to understand providers’parameters for their comfort in prescribing over telemedicine and report on solutions
providers have adopted in response to potential barriers and challenges in prescribing via telemedicine.

Methods: As part of a larger mixed methods study between February and April 2024, we conducted 16 semistructured interviews
with mental health providers who prescribe via telemedicine within the United States. We used the results of a web-based,
cross-sectional survey to develop a codebook and support recruitment. We analyzed a subsection of the 16 interviews using
content analysis to capture comfort, barriers, and workarounds in telemedicine prescribing. We reported codes by frequency and
by provider.

Results: Participants were typically male (11/16, 69%), provided care mostly or completely over telemedicine (11/16, 69%),
and were psychiatrists (8/16, 50%) or other physician (3/16, 19%). Providers’ primary states (10/16, 62%) of practice included
Oregon, Texas, New York, and California. The content analysis yielded a total of 234 codes, with three main codes—comfort
(98/234, 41.9%), barriers or challenges (85/234, 36.3%), and workarounds or solutions (27/234, 11.5%)—and two
subcodes—uncomfortable prescribing (30/98, 31%) and comfortable prescribing (68/98, 69%) over telemedicine. Participants
reported being comfortable prescribing over telemedicine as long as they could meet their main parameters of working within
their expertise, having access to needed patient health information, and being compliant with rules and regulations. Participants
reported frustrations with e-prescription workflows and miscommunications with pharmacies. Solutions to ease frustrations and
alleviate discomforts in prescribing over telemedicine included developing workflows to help patients complete laboratory tests
and physical examinations and directly communicating with pharmacies.

Conclusions: By applying content analysis to the semistructured provider interviews, we found that physicians are comfortable
prescribing via telemedicine when they feel they are practicing within their personal parameters for safety. While many providers
experience frustrations such as miscommunication with pharmacies, these barriers appear to not prevent them from telemedicine
prescribing. With expected changes in 2024 and 2025 to the US laws and regulations for telemedicine prescribing, we may see
changes in provider comfort in prescribing.
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Introduction

During the height of the COVID-19 pandemic, health care visits
moved to telemedicine when possible to help stem the spread
of infection [1]. In the United States, the public health
emergency (PHE) and regulatory flexibilities were instrumental
in streamlining this effort by waiving specific requirements,
such as the providers’ ability to see patients outside the states
where they are licensed and to prescribe over telemedicine with
fewer restrictions [2,3]. Due to these temporary changes,
providers could prescribe via telemedicine less restrictively and
determine what level of care they felt comfortable providing
over telemedicine.

The US Drug Enforcement Administration extended prescribing
flexibilities past the May 11, 2023, PHE deadline and is in the
process of finalizing a rule regarding telemedicine prescribing
[4,5]. There has been concern that waiving elements of the Ryan
Haight Act, which previously required providers to meet with
patients in person before prescribing certain controlled
substances, would adversely impact patient outcomes [6,7]. The
concurrent opioid epidemic has also provided a new level of
scrutiny in the space of telemedicine and prescribing scheduled
medication for the treatment of substance use disorder (SUD)
[8-10]. As US providers await the promulgation of this final
rule, evidence continues to grow regarding positive patient
outcomes via mental health prescribing over telemedicine [11].
One Medicaid data study following over 90,000 patients showed
remarkable positive outcomes from telemedicine initiation of
buprenorphine treatment, including better odds of 90-day
treatment retention than if initiation occurred in person [12]. In
a scoping review from 2008 to March 18, 2021, reviewers found
that telehealth technology in SUD treatment increased access
and adherence to buprenorphine and generally showed higher
patient satisfaction and comparability to in-person retention
rates [11]. Especially within the space of buprenorphine
prescription, evidence supports that telemedicine offers
comparable treatment to in-person care and can be an effective
method for increasing patient access to mental health treatments
[8,11].

With the flexibilities, providers can now choose the extent to
which they use telemedicine. One study reported psychiatrists
felt telemedicine use in a hybrid scenario allowed for treatment
adaptation based on client needs and access [13]. The study’s
participants emphasized their need to consider each patient’s
unique case in determining whether they could successfully
leverage telemedicine to initiate care or ensure continued visits
over time [13]. For example, one psychiatrist in the study noted
the following:

When you have these patients who are at risk for
falling out of care, if you don’t offer them

telemedicine, but [they] are also at risk for getting
slightly suboptimal care when you do offer them
telemedicine, it is a very case-by-case judgment call
in terms of the risks and benefits of enabling the
telemedicine.

Such sentiments support the call for greater provider autonomy
and options, as well as the focus on including telemedicine as
part of the holistic health care model [13-15].

Though there is evidence supporting the safety of prescribing
certain scheduled substances over telemedicine (even without
an initial in-person visit) [8,11,12], there is a need for greater
insight into mental health providers’ experiences in prescribing
scheduled medications during and after the PHE. A better
understanding of providers’ perspectives, experiences, and
comfort in prescribing for their patients over telemedicine would
build a more accurate understanding of what providers view as
actual challenges and limitations. This knowledge would add
to the discourse regarding updates in policy and guidelines,
especially necessary for policy makers as they deliberate over
proposed rules and regulations [16]. To the best of our
knowledge, no previous studies have focused on mental health
providers’experiences regarding general prescribing—including
scheduled medications—over telemedicine. In early 2024, we
conducted a mixed methods study that included a web-based,
cross-sectional survey and semistructured interviews of mental
health providers who prescribe via telemedicine. The survey
aimed to assess provider perceptions, experiences, comfort, and
perceived patient safety in prescribing medications over
telemedicine [17]. The interviews aimed to get a better
understanding of providers’general telemedicine use, challenges
and solutions specific to prescribing over telemedicine, and
providers’ knowledge and experiences regarding compliance
with prescribing over telemedicine. In this study, our objectives
were (1) to understand better providers’ parameters for safe
prescribing over telemedicine and (2) to report practices or
workflows providers have adopted to accomplish safe
prescribing via telemedicine. The results of the study will help
stakeholders reassess long-standing policies—made at the
beginning of these technological advances—that may now be
causing unintended harm as the technology has improved and
become more accessible to laypeople.

Methods

Study Design
We performed exploratory content analysis of semistructured
interviews with tele–mental health care providers as part of a
larger, mixed methods study. We used an explanatory sequential
design, building upon a previously reported, web-based,
cross-sectional survey [17].
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Interview Development
After an initial literature review, we developed the
semistructured interview guide with consultation and pretesting
from 5 providers. We estimated that interviews would take 60
minutes. The interview attempts to capture context regarding
what factors affect providers’ views and comfort in prescribing
medications via different scenarios and combinations of
in-person and telemedicine visits. The interview guide covers
the topics of (1) the provider’s practice, such as specialty,
telemedicine use, patients, and general difficulties with
telemedicine; (2) challenges and solutions concerning
prescribing over telemedicine; and (3) knowledge pertaining to
laws and regulations of prescribing to telemedicine (see
Multimedia Appendix 1 for the interview guide). This study
focuses specifically on answers to the challenges and solutions
concerning prescribing over telemedicine (Multimedia Appendix
1).

Participants and Recruitment
We recruited participants for the semistructured interviews from
among participants in a research survey. The survey sampling,
recruitment, and results are reported elsewhere [17]. In brief,
we recruited a sample of US tele–mental health care providers
from a telemedicine research panel, TelehealthEngage [18]. A
total of 115 participants fully completed the survey. Participants
were predominantly White (83/115, 72.2%), non-Hispanic or
Latino (97/115, 84.3%), female (66/115, 57.4%) providers who

were physicians (69/115, 60%) seeing their clients most to all
of the time (50%-100% of visits) over telemedicine (82/115,
71.3%) [17].

Participants who agreed to be contacted at the end of the survey
were invited to participate in follow-up interviews. Of the 115
completed surveys, 59 (51.3%) participants showed interest in
being interviewed. Research team member JI (a White,
immigrant female individual with a background in medical
anthropology, psychology, and biomedical informatics) sent
out interview invitations and completed interviews between
February and April 2024. We aimed to complete 20 interviews
or until we reached content saturation [19].

Data Analysis
One author (JI) performed an exploratory content analysis of 6
interviews. The codebook for content analysis, consisting of
three main codes and two subcodes, was specified on the basis
of prior survey findings (Table 1) [17]. The codebook was
developed to test our expectations that providers will feel
comfortable when their personal parameters for patient safety
have been met and when the telemedicine visit is within the
scope of provider practice and expertise. We used content
analysis of the interviews to identify codes related to personal
parameters for comfort in prescribing over telemedicine, named
barriers and challenges of telemedicine prescribing, and the
types of workarounds providers have found useful within those
situations [19].

Table 1. Demographics as reported by providers during the interviewa.

Value, n (%)Demographics for content analysis

Sex (n=16)

11 (69)Male

5 (31)Female

How often telemedicine is used (n=16)

1 (6)None to seldom

4 (25)Fairly often (about half the time)

11 (69)Mostly or completely

Provider type (n=16)

8 (50)Psychiatry

3 (19)Family medicine or general practice physician

3 (19)Nurse practitioner

2 (13)Physician assistant

Type of practice (n=21)

12 (57)Private practice

4 (19)Statewide health system

2 (10)Community health center

1 (5)Solo practice

1 (5)City-run program

1 (5)Outpatient rehabilitation center

aSome demographic values sum to more than 16 as some providers worked in multiple practices.
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We transcribed and deidentified completed interviews using
Dovetail software (Dovetail). We confirmed transcripts for
accuracy prior to deleting video data of interviews and uploaded
transcripts to MAXQDA 2024 software (MAXQDA) for
analysis. A single author (JI) coded the interviews over three
iterations using the previously developed codebook, and
coauthor HS (an Asian, immigrant female individual with a
background in biomedical informatics and human factors
research in behavioral health) reviewed the codes and codebook
for validity and accuracy. We resolved discrepancies through
consensus to ensure consistency and accuracy in the qualitative
method [20,21]. The unit of analysis was meaningful phrases.
Although we calculated the total frequency of code instances,
we primarily focused on the frequency of codes by individual
participants [19]. Additionally, contextual subtopics within the
main reported codes were often double coded—as participants
provided multiple examples, explanations, and
reasoning—resulting in percentages over 100. We reported
participant characteristics in the aggregate to ensure participants’
confidentiality. For context, we included participants’ numbers
(1 through 16) after each quote.

Ethical Considerations
This study was reviewed and approved by the BRANY
Institutional Review Board (IRB00010793). We attained verbal
informed consent for the interviews in addition to the written
informed consent from the survey protocol. Participants had
the opportunity to opt out of our research. Participants were
compensated with a US $75 e-gift card for their time. While
there is always a risk of selection and other compensation-related
biases, the amount was deemed appropriate for US mental health
professionals who were the focus of recruitment. We use
deidentified data for the purposes of this research.

Results

Demographics
We completed 16 semistructured interviews between February
22 and April 26, 2024. There were 11 (69%) male and 5 (31%)
female participants (see Table 1 for demographics). Participants

primarily practiced in the following states: Oregon (n=3, 19%),
Texas (n=3, 19%), New York (n=2, 12%), Illinois (n=2, 12%),
California (n=1, 6%), Florida (n=1, 6%), Michigan (n=1, 6%),
Washington (n=1, 6%), Indiana (n=1, 6%), and Tennessee (n=1,
6%). The majority (n=11, 69%) provided care mostly or
completely over telemedicine (75%-100% of visits), 4 (25%)
providers reported an even mix (40%-60% of telemedicine and
in-person visits) in their hybrid practice often depending on the
weather, and 1 (6%) provider reported almost complete
in-person care except for emergencies. Providers included
psychiatrists (n=8, 50%), family medicine or general practice
physicians (n=3, 19%), nurse practitioners (n=3, 19%), or
physician assistants (n=2, 12%). Providers reported working in
private practice (n=12, 75%), statewide health systems or clinics
(n=4, 25%), community health centers (n=2, 12%), a solo
practice (n=1, 6%), a city-run program (n=1, 6%), and an
outpatient rehabilitation center (n=1, 6%). Some providers
worked in multiple positions or practice types.

Content Analysis
A total of 234 code instances were identified, corresponding to
three main codes and two subcodes. Table 2 shows the frequency
of code instances corresponding to each main code and subcode.
Frequencies of instances of generally uncomfortable and
generally comfortable subcodes add up to the total frequencies
of the comfort main code instances.

Of the 98 (41.9%) out of 234 total code instances under comfort
in prescribing medications over telemedicine, 69% (68/98 code
instances) were related to describing positive comfort in
prescribing from all 16 providers. However, the majority of
providers (10/16, 62%) also reported varying discomfort (30/98,
31% code instances) in prescribing over telemedicine even
though it was less frequently mentioned.

Providers reported (85/234, 36.3%) varied barriers and
challenges (85 code instances, 14 providers), providing
information regarding problems that both providers and their
patients face when prescribing medications over telemedicine.
Providers reported fewer (27/234, 11.5%) workarounds and
solutions (27 code instances, 11 providers).

JMIR Hum Factors 2025 | vol. 12 | e65419 | p.784https://humanfactors.jmir.org/2025/1/e65419
(page number not for citation purposes)

Ivanova et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Table 2. Content analysis results with the frequency of instances by main codes and subcodesa.

ExampleDefinitionFrequency of
code in-
stances, n

Name

“I just don’t wanna like, yeah, miss something. And like, actually probably
more so with the Benzos than with, than with stimulants because I feel like
the stimulants you can: see if people are kind of like … when people are
on Benzos they might be more drowsy, that you’re just not picking up with,
on the, the, the, the virtual…” [Participant 1]

Any direct discussion regarding
feelings of comfort or ease in
prescribing over telemedicine

98Comfort (main code)

“I feel less comfortable with over telemedicine because sometimes just like
the cadence of a conversation is hard. Sometimes if there’s a lag in telehealth
or like whatever it may be. As for prescriptions, I would say, like your level
twos and level threes are ones that I would not consider prescribing unless
I’d at least seen them once in person…” [Participant 3]

Any direct discussion regarding
feelings of discomfort or un-
ease in prescribing over
telemedicine

30Generally uncomfort-
able (subcode)

“And I would say that it’s really about the same, the actual prescribing is
pretty darn smooth. So, I feel like the mechanics of the prescribing are the
same. I do not prescribe differently because I, I’ve got a sense, I don’t know
this person as well because I’m not me. No, I feel like I know my patients
really well. Certainly, before I’m gonna be prescribing, I know what the
story is in my mind. I may be wrong, but I’ve got that level of certainty.
So, I don’t think the telehealth platform impacts my decision-making or the
mechanics around prescribing significantly.” [Participant 6]

Any direct discussion regarding
positive feelings of comfort or
ease in prescribing over
telemedicine

68Generally comfortable
(subcode)

“But I would say, yes, it’s difficult to feel comfortable, directing someone
in another state to something that they may need without really knowing
where that resource, who that resource is.” [Participant 7]

Any direct discussion where a
provider mentions a problemat-
ic situation that affects their
decision-making to prescribe
over telemedicine or affects a
patient’s ability to receive
treatment

85Barriers and chal-
lenges (main code)

“So, a lot of times I give them information on how to find a particular how
to vet another practitioner, but that’s about the best [I can do].” [Participant
7]

Any direct discussion where the
provider describes a way they
adapt their process or decision-
making due to a barrier or
challenge

27Workarounds and so-
lutions (main code)

aMain code and subcode definitions were developed based on survey analysis.

Parameters for Comfort in Prescribing Over
Telemedicine

Overview
Providers brought up three main parameters as they
contextualized their comfort or discomfort with prescribing
medications over telemedicine: (1) limits of telemedicine and
personal expertise, (2) knowledge of patients and access to their
relevant health information, and (3) liability concerns.

Limits of Telemedicine and Personal Expertise
Five (31%) of the 16 providers established that they felt
comfortable when the interaction stayed within their perceived
limits of telemedicine and occurred within their realm of
expertise. One provider pointed out that these parameters
essentially establish criteria for a successful telemedicine visit:

So the direct answer to the question is I feel very
comfortable [prescribing over telemedicine]. But I
think the reason that I feel very comfortable has to
do with the patients: who I see and who I won’t see
on telemedicine. So again, doing this is like a
philosophical thing. I’m a big believer in getting
people to the right place. And a lot of times that’s me
and a lot of times that’s not me when it comes to

mental health and telehealth, I try to, there are things
that I, I don’t personally feel comfortable or think
would be appropriate to, to treat. So in general, if
someone is like in a manic state, if they’re psychotic,
if they’re actively suicidal, like suicidal with a plan
intending to act on it, that sort of stuff, I won’t see
them through telehealth or if I have a patient who
starts to experience those things, I will refer them for
a higher level of care and we’ll be pretty insistent on
it. Not that I’m not gonna see them anymore, but it’s
just I want to get you to the best place. [Participant
13]

Regarding the parameter of experience and expertise, 3 (19%)
providers reported feeling uncomfortable prescribing over
telemedicine when they thought they did not have the expertise
to treat a particular diagnosis. One provider described feeling
nervous about such a scenario:

I don’t have anybody that I’m treating for narcotic
abuse or opiate stuff. So I, not that I wouldn’t, but I
don’t have anybody and I don’t have a lot of
experience with that. So that would make me nervous,
especially over telemed. I just because I don’t do it
much in person either. [Participant 9]
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In this case, the provider notes they would feel uncomfortable
treating such a patient in person and that seeing such a case over
telemedicine would increase that feeling.

Knowledge of Patients and Access to Their Relevant
Health Information
This parameter encompassed several topics including working
with established patients and accessing needed patient health
information such as labs or physical exams. A total of 4 (25%)
providers identified knowledge of a patient’s history—especially
in regard to them being an established patient—as a crucial
element of feeling comfortable prescribing for them.

So, certain medication that requires good monitoring
for that level that may make me not want to prescribe
medications on this platform. But I don’t think it has
anything to do with virtual platforms, any providers
or psychiatrists would do so in, in person also. So
I’m not, I’m trying to think if, unless the only time I
don’t prescribe is if someone makes the first
appointment and say I’m on this medicine and I need
refill, I don’t do that because that’s not a good
practice. It’s like, OK, unless I have some data or
previous records or not a very strong medication,
then you can continue. But if someone comes with a
specific request for medicines that are not
appropriate, then I wouldn’t consider that as an OK
to do it as a virtual practice. [Participant 10]

This provider noted that in the scenario provided, they would
need more information about the patient before prescribing,
regardless of whether the visit is in person or via telemedicine.
Meanwhile, one of these providers mentioned the importance
of generally knowing their patients and their health status as
they determine whether telemedicine visits are sufficient for
care:

...If you have somebody who’s a fragile diabetic, you
need to have a different level of observation for that
person. But if you have a stable diabetic, then you
can just continue to prescribe that whatever it might
be… [Participant 15]

Inherent in this explanation is that the provider felt they have
sufficient knowledge regarding a patient’s current and past
health status and feeling personally able to diagnose and treat
in the presenting situation.

A total of 4 (25%) providers commented on the importance of
having established patients in a scenario to make providers feel
more comfortable prescribing over telemedicine. One of these
providers underlined the importance of having such a
relationship, especially when seeing patients for SUD treatment,
as they may be able to pick up on potential concerns requiring
more oversight via telemedicine or in person:

I mean, people with substance use problems. Now
that brings a whole host of challenges itself because
of confidence in, in history, you know, and confidence
of just general reporting ... So I have a special, I have
a different kind of relationship with [specific patient
with SUD]. I can tell when somebody’s bullshitting.
And I can call them pretty well on it. I rarely get

blindsided because I’ve been doing this for a long
time. So I come with enough experience, I think also
that allows that to happen. But suffice to say that if I
have an issue with someone there, I’ll put more
controls over it, and we’ll go to task if needed. If they
need to come in, I need to see them in person...
[Participant 15]

In this case, the provider leveraged not only their years of
experience in the specific field (expertise parameter) and having
known the patient for a long time but also their hybrid practice,
as they can have the patient come for an in-person visit.

A total of 3 (19%) providers mentioned they feel comfortable
prescribing over telemedicine because they have such an option.
In addition to this, 4 (25%) providers also pointed out that
having a way to check on their patient’s safety, whether it be
having local resources for the patient or being able to view a
Prescription Drug Monitoring Program, influences their comfort
positively. One of these 4 providers described that knowing
they can get patient health information quickly and seamlessly
made them comfortable prescribing for an individual:

If they have established care, either someone who
can update me on their vitals or regular monthly visits
and have some kind of formal evaluation for me to
backtrack the diagnosis. And then there is a way to
order urine drug screens to make sure they’re not
abusing any other drugs on the top of. So, if that
makes it an easy flow for us, then, yeah. Yeah. I think
that’s not a big problem. It’s just how to coordinate
that care sometimes makes it harder... [Participant
10]

Additionally, 4 (25%) providers stated the importance of
developing and adhering to a protocol with their patients.
Providers discussed this concept within the patient information
parameter in everything from the formal quality of care
processes to simply expecting to see a patient in person for all
intakes. Adhering to protocols appears to be driven by the need
for patient health status and history, as providers often discussed
continuity of care and procurement of labs and exams.

So, I think patients who are, really complex, I feel
less comfortable with prescribing over telemedicine
because sometimes just, like, the cadence of a
conversation is hard. Sometimes if there’s a lag in
telehealth or whatever it may be. As for prescriptions,
I would say, your level two’s and level three’s are
ones that I would not consider prescribing unless I’d
at least seen them once in person. I know personally,
our clinic does random drug tests on our patients...
[Participant 3]

Liability Concerns
A total of 5 (31%) providers noted that they maintain their
comfort in prescribing over telemedicine by simply refusing to
prescribe certain controlled substances or not accepting specific
diagnoses in their practice, especially due to their wariness of
laws and regulations. One of these providers explained that
while they treat SUDs, they do not prescribe certain medications
and are aware of prescribing barriers:
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...I do see a lot of patients with substance use
disorder...just the fact that it’s [buprenorphine] more
accessible now is amazing for these patients. I’ve
heard there are still some barriers with methadone
in particular...it hasn’t been an issue for me because
I don’t prescribe that medication in particular.
[Participant 16]

Indeed, 2 (12%) providers indicated they avoid prescribing over
telemedicine unless they feel they have to for the patient.

I generally refrain from prescribing anything
scheduled over telemedicine ... just because of the,
the insane liability with it ... the unbalanced liability,
I would say that physicians shoulder in this industry.
[Participant 7]

Here, the provider also touched on the issue of compliance and
liability inherent in this situation.

Barriers and Workarounds in Prescribing Over
Telemedicine
Of the 85 (36.3%) out of the 234 total code instances that
describe barriers (14 providers), 37 (44%) of the 85 instances
specifically mentioned that the e-prescription platform and the
pharmacies caused challenges in prescribing medicines or
picking up medicines (13 providers). There were 17 (20%)
instances of providers describing difficulties with the actual
e-prescription platform they use.

But Epic, they started putting in all these like hard
blocks like you need to click this before you can do
what you’re trying to...I think the way that they went
about it sometimes, it was really like a hassle for the
workflow when you add it all together. [Participant
2]

Providers also often noted their patients’prescription order was
not received or not fulfilled by the pharmacy due to shortages
in medicines or misunderstandings in prescribing over
telemedicine (20/85, 24%). One provider noted how such a
situation acted as a barrier for patients receiving their necessary
prescriptions:

But I had a pharmacy once, call me that said
that...they weren’t going to allow my patient to fill a
pack of the prescription because I hadn’t provided
an estimated glomerular filtration rate or creatinine
clearance with my prescription. But like that’s
because they now have the ability to prescribe that
on their own. But I sent the prescription. I’m assuming
the responsibility. I already checked that all you’re
doing is throwing up another barrier to this patient,
getting their medication when you do that, which I
get. You don’t want to be audited or whatever, but
you’re not the one prescribing it. I am, you know what
I mean? I just like the pendulum has swung so far the
other way since the opioid epidemic that they’re really
trying to tighten the noose and on all this stuff, and I
just think it’s going to end up harming patients who
are calling for their beta blockers or, you know,
whatever. [Participant 2]

Providers reported shortages of certain medicines, usually
stimulants, in pharmacies, requiring patients to find pharmacies
with stock and providers to resend prescriptions. Providers’
complaints regarding the e-prescription platforms and
pharmacies’ inability to provide the medications ranged from
workflow nuisances to concerns that their patients could not
receive necessary medications promptly.

Other mentioned barriers (49/85, 58%) were related to general
telemedicine concerns and issues such as patient health concerns
(17/85, 20% codes; 11/16, 69% providers), rules and regulations
(16/85, 19% codes; 7/16, 44% providers), and reimbursement
concerns (9/85, 11% codes; 2/16, 13% providers). Patient safety
concerns mainly touched on worries that patients are not having
their follow-up appointments, exams, and labs in a timely
manner, which can affect patient health outcomes, as well as
the ability of providers to prescribe medications for them.

I will put a child on a medication and I’ll say I need
to have you call me in two or three days because this
medicine doesn’t take a long time to start working.
And I need to know so we can make adjustments. And
invariably 99% of the time they wait till the next
month, scheduled appointment and we could have
made some, you know, needed changes. And that was
difficult even when we were in the office... [Participant
11]

Concerns regarding rules and regulations more closely align
with providers seeing patients across state borders. Some
providers felt such regulations hindered their ability to treat
patients but also created unnecessary frustrations.

So, yeah, it’s interesting navigating all of that
because, and honestly, I think it’s just so stupid having
state-dependent licensing system when they all use
the same criteria. [Participant 7]

While providers recognized the need for laws and regulations,
their current struggles often placed them in positions having to
choose between seeing their (often established) patients or
complying with regulations.

It reminds me of another patient, he’s in college in
North Carolina and, he had really good, he had a
psychiatrist through his school but then the school
had canceled the contract with that [psychiatrist] and
he’s like, what now am I supposed to do? And like,
he wasn’t exactly, he wasn’t unstable but he wasn’t
stable. Like, you know, in that gray zone and he’s
like, can’t you see me?...And I would love to see you.
I feel my heart goes out to you, but like, you’re in
North Carolina, like, I...I, I will see you all through
Christmas break, summer break. But like, I don’t
know what to do. Like, if you’re having a crisis,
definitely call me like, and I will, you know, I will just
override it. But like, if you’re going there and, you
know, like you need the help, like you gotta, I don’t
know, I don’t know what to tell you. Like, I feel
terrible if you. [Participant 1]
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Providers often reported that mobile patients such as college
students are the ones most strongly affected by these types of
laws and regulations.

Providers reported far fewer workarounds or solutions (27/234,
11.5% codes; 11/16, 69% providers) to mentioned barriers
relating to prescribing over telemedicine. Direct responses to
barriers and challenges included—as subtopics—streamlining
how they receive patient health data (8/27, 30%), finding new
pharmacies for patients to use (5/27, 19%), using reminders and
new ways to connect with patients quickly (5/27, 19%),
responding to regulatory pressures (3/27, 11%), and making
individual adaptations in their practice (6/27, 22%; due to double
coding of subtopics, percentages add up over 100) The most
common solution providers reported was finding an easier way
to receive laboratory tests, examinations, and vitals from their
patients (8/27, 30% codes; 5/16, 31% providers). While
providers were able to direct their patients to local laboratories
or request that their patients invest in a blood pressure cuff, one
provider noted their practice found certain tests to be beneficial
for telemedicine visits:

Hm, we do drug screens online. So, we do saliva
testing online and drug screens. And so that’s if we
don’t always have to have people go pee somewhere
or go to the lab, they can do those at home. So, I guess
that’s something that we found just as a, not really a
workaround, well, kind of a workaround, and I guess
to allow them to stay at home, but just to incorporate
it as something that’s a little bit more convenient.
[Participant 5]

Providers further noted the emphasis on streamlining patient
processes by using novel ways to communicate with them
regarding simple questions or requests. For example, one
provider noted the following:

[Patients] can just text me a question...A few patients
of mine have learned that they come and sit in the
waiting room if they have a question. And so, I see
them sitting in my waiting room, and sometimes I’m
done. I’m like, “What's up?” And they say, “Yes, you
know, hey, I need a refill.” [Participant 12]

In this case, the provider sought to have secure, simple
messaging with a patient. Other solutions related to streamlining
processes with patients included actively talking with
pharmacies in the patients’ area (5/27, 19%), moving to a new
e-prescription platform (1/27, 4%), and creating a protocol for
helping their out-of-state patients find health resources (1/27,
4%).

Providers mentioned two differing approaches to handling the
barriers created by laws and regulations in prescribing over
telemedicine. Some (2/16, 13%) providers chose to
unequivocally adopt the strictest state and federal regulations
within their practice, and another explained that they would
continue with a process that works for their patients but was
admittedly in the gray zone legally.

Content analysis of barriers affecting provider comfort in
prescribing over telemedicine identified 85 code instances over
16 interviews. With 27 code instances of workarounds and

solutions directly relating to these noted barriers, the qualitative
analysis identifies areas in telemedicine where progress still
needs to be made.

Discussion

Principal Findings
By leveraging the results of our more extensive mixed methods
study [17], we framed our content analysis to provide needed
context for understanding mental health providers’ comfort in
prescribing over telemedicine. This qualitative study identified
vital parameters that constitute comfort for mental health
providers who prescribe via telemedicine. Our results show that
providers feel most comfortable prescribing over telemedicine
when they are practicing within its inherent limitations and their
own professional expertise, with access to patients’ relevant
health information, and within clearly defined legal and
regulatory confines. In addition, we identified related barriers
that affect these parameters and the potential solutions that
providers have used to alleviate these challenges. Content
analysis revealed providers found the e-prescription platforms
and the miscommunications with pharmacies receiving
prescriptions as substantial sources of frustration and concern
in the prescribing process. Ultimately, providers prescribe
medications over telemedicine within the bounds of their
perceived comfort parameters but would like to see changes in
streamlining the prescribing workflow, assurance of timely
patient examinations and laboratory tests, and clarity in the laws
and regulations surrounding prescribing over telemedicine.

Overall, even while providers reported feeling comfortable
prescribing over telemedicine, they were aware their comfort
was due to practicing within their established personal
parameters. Providers noted their comfort in prescribing over
telemedicine was attributable to their specialty and providing
care to patients who require specific types of medications that
providers may be generally hesitant to prescribe. Research using
claims data between 2020 and 2023 shows that certain
specialties (ie, psychiatry) were seen to initiate treatment for
alcohol use disorder over telemedicine more than others (ie,
primary care physicians) [22]. Within the same study,
researchers observed a different rate of telemedicine initiations
dependent on the types of medications being prescribed (eg,
naltrexone at 14.6% vs topiramate at 11.8%). Our results support
these findings as psychiatrists are better versed in treating mental
health disorders and have tacit knowledge regarding certain
medications and patient symptoms. Unsurprisingly, in this study,
some providers emphasized that their comfort in prescribing
decreased when faced with diagnoses they have little experience
treating. From a 2023 review of pandemic-era research on
telemedicine use in SUD treatment in the United States, authors
noted providers would vary the number of days (supply) of
prescribed medication based on their judgment of each patient
interaction and context [23-26]. These findings are supported
by our results as providers work within their personal parameters
and determine how to proceed with prescribing based on their
interaction with each patient.

Additionally, providers’personal parameters likely echo current
guidelines regarding telemedicine use and limitations [27,28].
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Such guidelines proffered protocols and practices based on
earlier telemedicine research and stricter rules and regulations
[29]. Considering that guidelines emphasize compliance with
state and federal laws and regulations, we may be seeing
providers’ personal parameters reflecting these policies even
when they feel comfortable and capable of prescribing over
telemedicine [30]. Updates of such guidelines would help
reframe providers’ understandings of telemedicine prescribing
limitations and liabilities; however, lagging legal progress limits
the ability for such revisions [31,32]. With the loosening of
laws and regulations regarding telemedicine prescribing, new
evidence has shown that providers can care for their patients
effectively while maintaining positive patient outcomes [29].

Providers also emphasized the importance of access to patient’s
health information, especially timely updates of exams and labs
needed to prescribe certain medications such as stimulants.
Certainly, the content analysis showed multiple workarounds
focused on streamlining the process of accessing patient health
information. Understandably, providers also noted that they feel
more comfortable working with established patients, where
patient health history and a personal repertoire with the patient
can provide context to a telemedicine visit. Interview results
suggest that an established patient—via telemedicine or
in-person visit—is a central factor in how providers view their
needs for timely patient health updates. This parameter is
relevant for in-person and telemedicine visits. Nevertheless,
with the inflated fear of liability when using telemedicine,
providers show increased concern when operating outside their
parameters for comfort in telemedicine prescribing [33]. Similar
findings show providers may feel that additional assessment,
such as physical examination, reinforces their decision-making
and allays liability fears [34].

Our content analysis shows that the ultimate tipping point in
whether providers prescribe via telemedicine is whether the
clinical situation falls within the provider’s personal parameters
for comfort in prescribing. The obstacles we identified in the
study, such as the e-prescription platform errors, were
predominantly situations that caused frustrations in the
prescribing process but were insufficient reasons for providers
to discontinue prescribing medications. Of course, particular
barriers, such as miscommunications with pharmacies and not
receiving patient examinations or laboratory tests promptly,
directly impact patient safety and outcomes. Our results support
prior research showing that providers and patients faced
challenges with e-prescriptions where pharmacies faced a dearth
of certain medications such as buprenorphine [23,35,36].
Providers emphasized the importance of patient safety with
their noted solutions: the most frequently mentioned solutions
revolved around streamlining the receipt of patient health
information and ensuring patient access to needed medications.
Given the current, typical support infrastructure in the United
States, telemedicine is not as effective for treating disorders
that require laboratory examinations [37]. However,
telemedicine is becoming a permanent mode of health care
delivery, and successful solutions for assessment, such as
diagnostic testing and information access, will be a priority for
providers and other stakeholders. As a result, there is a growing
support infrastructure including at-home laboratory options

ranging from technicians coming to your home to home tests
that can be done during a telemedicine visit [38,39]. While large
health institutions such as Yale School of Medicine may have
such resources available for their patients [38], small clinics or
solo providers face difficulties in connecting their patients to
these resources, especially in relation to an individual patient’s
insurance coverage [39].

Our results show that providers prescribe within the scope of
their personal parameters determined by perceived limitations
of telemedicine and professional expertise, provider access to
relevant patient health information, and liability concerns. Once
providers met their individual parameters, they expressed higher
comfort in prescribing over telemedicine. With an increase in
legal clarity and simplification of prescribing over telemedicine,
providers may feel more capable and comfortable with the
process, as guidelines would reflect the loosening of restrictions
[30]. These personal parameters exist in the context of current
legal and regulatory considerations; therefore, making PHE
telemedicine-related policy flexibilities permanent may help
expand the situations in which providers feel comfortable
prescribing. Such progress may also improve patient access to
mental health care services—providers may feel more
comfortable expanding their patient base for telemedicine, thus
alleviating access and inequity issues for mental health care
treatment [40].

Limitations
This study used interviews from providers recruited through
nonprobability convenience sampling via the TelehealthEngage
research panel. Our findings are not generalizable to all US
mental health providers. It reflects the view of interview
participants, including providers from solo, small private
practices; statewide health systems and clinics; and other types
of mental health care settings. Additionally, as we included all
prescribing mental health providers, the prescribing challenges,
workarounds, and level of comfort we captured in the study
may differ for other providers based on their practice focus.
Future research should include a larger sample of participants
including those practicing in larger health systems and academic
health sciences centers, who were underrepresented in our
sample.

Conclusions
Through content analysis of semistructured provider interviews,
we determined that the participating providers feel comfortable
prescribing over telemedicine when they practice within
perceived limits of telemedicine and their own expertise, with
sufficient access to patient health information, and when they
do not have liability concerns. Providers mentioned multiple
hindrances to prescribing over telemedicine. However, the
ultimate reason they refer patients to other providers or convert
encounters from telemedicine to in-person visits is that their
comfort parameters are not met, and thus, patient safety is at
risk. Future research, including inductive-deductive qualitative
analysis of the interviews, will help create a more robust
understanding of provider perspectives on telemedicine
prescribing and inform future implementation and policy of
prescribing over telemedicine.
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Abstract

Background: The rising demand for advanced home care services, driven by an aging population and the preference for aging
in place, presents both challenges and opportunities. While advanced home care can improve cost-effectiveness and patient
outcomes, gaps remain in understanding how eHealth technologies can optimize these services. eHealth tools have the potential
to offer personalized, coordinated care that increases patient engagement. However, research exploring health care professionals’
(HCPs) perspectives on the use of eHealth tools in advanced home care and their impact on the HCP-patient relationship is
limited.

Objective: This study aims to explore HCPs’ perspectives on using eHealth tools in advanced home care and these tools’ impact
on HCP-patient relationships.

Methods: In total, 20 HCPs from 9 clinics specializing in advanced home care were interviewed using semistructured interviews.
The discussions focused on their experiences with 2 eHealth tools: a mobile documentation tool and a mobile preconsultation
form. The data were analyzed using content analysis to identify recurring themes.

Results: The data analysis identified one main theme: optimizing health care with eHealth; that is, enhancing care delivery and
overcoming challenges for future health care. Two subthemes emerged: (1) enhancing care delivery, collaboration, and overcoming
adoption barriers and (2) streamlining implementation and advancing eHealth tools for future health care delivery. Five categories
were also identified: (1) positive experiences and benefits, (2) interactions between HCPs and patients, (3) challenges and
difficulties with eHealth tools, (4) integration into the daily workflow, and (5) future directions. Most HCPs expressed positive
experiences with the mobile documentation tool, highlighting improved efficiency, documentation quality, and patient safety.
While all found the mobile preconsultation form beneficial, patient-related factors limited its utility. Regarding HCP-patient
relationships, interactions with patients remained unchanged with the implementation of both tools. HCPs successfully maintained
their interpersonal skills and patient-centered approach while integrating eHealth tools into their practice. The tools allowed more
focused, in-depth discussions, enhancing patient engagement without affecting relationships. Difficulties with the tools originated
from tool-related issues, organizational challenges, or patient-related complexities, occasionally affecting the time available for
direct patient interaction.

Conclusions: The study underscores the importance of eHealth tools in enhancing advanced home care while maintaining the
HCP-patient relationship. While eHealth tools modify care delivery techniques, they do not impact the core dynamics of the
relationships between HCPs and patients. While most of the HCPs in the study had a positive attitude toward using the eHealth
tools, understanding the challenges they encounter is crucial for improving user acceptance and success in implementation. Future
development should focus on features that not only improve efficiency but also actively enhance HCP-patient relationships, such
as facilitating more meaningful interactions and supporting personalized care in the advanced home care setting.

(JMIR Hum Factors 2025;12:e60582)   doi:10.2196/60582
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Introduction

Advanced Home Care
Advanced home care, also known as advanced health care in
the home, involves providing medical care or treatment directly
at a patient’s home, serving as an alternative care to inpatient
care. The World Health Organization defines home care as “an
array of health and social support services provided to clients
in their residence. Such coordinated services may prevent, delay,
or be a substitute for temporary or long-term institutional care”
[1]. According to a study by Barakat et al [2], the components
of home care include preventive actions and assessments,
postdischarge actions, and evaluations, with objectives focused
on enhancing or maintaining the quality of life, optimizing
functional health status, and promoting independence. The
composition of health care professionals (HCPs) providing
home care varies depending on the patient’s needs and the extent
of services they require. This team may involve various HCPs,
such as physicians, nurses, assistant nurses, physical therapists,
occupational therapists, speech-language pathologists, home
health aides, home infusion nurses (specialized nurses who
administer intravenous medications in patients’homes), hospice
caregivers, and medical social workers [3]. Patients receiving
home care may have a wide range of health conditions and
diseases, including chronic conditions, such as diabetes,
hypertension, and heart disease; neurological conditions, such
as Parkinson disease, dementia, and stroke; respiratory
conditions, such as chronic obstructive pulmonary disease,
asthma, and sleep apnea; cancer; individuals requiring wound
care; and those in need of palliative care [3].

The increasing demand for home care services is driven not
only by an aging population but also by the growing preference
among many individuals to age in place, remaining in their own
homes. The primary goal of advanced home care is to enhance
patients’ quality of life and clinical outcomes while
simultaneously reducing health care costs and hospital
readmissions [4].

Use of Electronic Health in Advanced Home Care
Organizational suppliers of health care are increasingly
delivering medical care directly to patients’ homes, which has
created a growing reliance on medical technologies and eHealth
tools [1] to support health care staff in managing not only older
people care but also palliative and end-of-life care and patients
with multiple comorbidities or complex diseases. The increased
presence of eHealth tools also highlights the importance of
considering the competencies and requirements of HCPs for
using eHealth tools in older people care [2].

eHealth’s vital role in advanced home care includes using
telehealth, remote patient monitoring, and mobile health apps
to deliver health care services to patients with complex medical
needs in their homes [5]. eHealth tools facilitate communication
between patients and HCPs, support medication management,

monitor vital signs and symptoms, and offer educational
resources to patients and caregivers. Furthermore, integrating
eHealth into advanced home care can also enable organizational
suppliers of health to deliver personalized and coordinated care,
increase patient engagement and self-management, and improve
overall patient satisfaction [2].

In Sweden, the national policy emphasizes home assistance and
home care over institutionalized care, with various programs
supporting long-term care for older people, assistance for people
with disabilities, end-of-life care, palliative care in hospitals or
hospices, and advanced palliative home care administered by
municipalities. In 2017, home care met 72% of long-term care
needs, while institutions served the remaining 28% [6]. Given
the substantial reliance on home care for health care delivery,
there is a significant need for resources, making eHealth
services, such as those mentioned earlier, highly beneficial [7].

A study by Rydenfält et al [8] outlined the implementation of
eHealth services in Swedish home care nursing, listing national
patient summaries, mobile documentation, digital locks, digital
medical lists, digital security alarms, and camera supervision
as the most commonly used services. Organizational suppliers
of health care had implemented mobile documentation most
widely among these services at the time of the study, with plans
for its continued use in the future for home care nursing.

Traditional Documentation
Health care staff have long used traditional methods, such as
pen-and-paper notes, to document patient encounters, including
observations, assessments, signs, symptoms, and
communications during clinic consultations and home care
visits. While some remnants of this traditional documentation
method may persist in current practices, health care
organizations have adopted information and communication
technology solutions [9] and notable mobile communications
[10] to address the inherent challenges of traditional
documentation. Traditional documentation methods occasionally
lead HCPs to omit crucial information inadvertently, record
data inaccurately, produce illegible handwriting, and
misunderstand patients’ accounts, while requiring significant
time for documentation [11].

Patient Experiences With eHealth
Researchers have extensively explored patient experiences with
eHealth, particularly in home and palliative care settings, and
have revealed a range of benefits and challenges. Steindal et al
[3] found that telehealth applications in palliative home care
enhance access to HCPs, helping patients feel more secure and
safe. Similarly, Widberg et al [4] highlighted that eHealth
applications facilitate better communication between patients
and HCPs in palliative care. Karlsen et al [12] focused on older
adults’ use of telecare in home care services and emphasized
their desire to age in place. These studies show that patients
view technology as a valuable tool to achieve this goal, although
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some resist adopting new technologies, struggle with digital
proficiency, and worry about privacy and security [5].

Older patients face notable challenges when using eHealth tools.
These include their preference for direct contact with HCPs,
age-related cognitive decline, the stigmatization of
telemonitoring devices, and the potential loss of social
interactions, which are essential for well-being [5,13]. Experts
emphasize the importance of balancing in-person care with
eHealth use for certain populations, such as older patients with
chronic conditions. Despite these obstacles, studies highlight
that eHealth improves care accessibility and patient autonomy
[3,5,12].

Specific eHealth applications directly benefit patients. For
instance, an eHealth app tested in home care settings allowed
patients to report health concerns and increased their sense of
security [10] by reducing the frequency of phone calls to nurses,
enabling them to prioritize care based on the app’s alerts.
However, frequent reporting through the app led HCPs to
perceive minor health issues as significant, which increased
their workload [10]. These findings illustrate the nuanced impact
of eHealth on patient experiences and underline the need to
carefully address patients’ needs and contexts.

The Acceptance and Perspectives of HCPs on eHealth
HCPs play a pivotal role in adopting and successfully
implementing eHealth solutions, as their acceptance and
perspectives directly influence outcomes. Li et al [14] identified
key factors that affect HCPs’ acceptance of eHealth. These
factors include HCP characteristics, voluntariness of use,
performance and effort expectancy, and how organizational
conditions either support or hinder eHealth adoption. HCPs
emphasize patient autonomy, personalization, and continuity
of professional support as facilitators of eHealth adoption, while
they note advanced patient age as a primary barrier [15].

Qualitative studies offer additional insights into HCPs’attitudes
toward eHealth. In an interview study, general practitioners
expressed positive attitudes toward eHealth as a means to
promote healthy lifestyles for patients and themselves [16].
They showed confidence in transitioning from traditional
paper-based approaches to digital solutions, particularly those
incorporating patient-reported outcome measures. Similarly,
Das et al [17] examined the impact of an eHealth portal on
HCP-patient interactions and reported that HCPs value the portal
for its ability to provide comprehensive patient information,
foster accountability, and serve as a clinical tool. However, they
also identified organizational challenges, such as a lack of
incentives and time constraints, which hinder eHealth
integration.

Understanding HCPs’ experiences and perceptions is essential
for optimizing eHealth tools. While eHealth enhances health
care quality, efficiency, and accessibility, its success depends
on addressing the barriers that HCPs face. Targeted training
and strategies to overcome organizational constraints can
improve HCP satisfaction and ensure seamless integration of
eHealth into clinical practice [18].

Aim of the Study
Despite extensive research in eHealth, there remains a limited
understanding of how eHealth tools affect the relationship
between HCPs and patients in advanced home care settings.
While some studies have explored patient perspectives, fewer
researchers have focused on HCPs’experiences and perceptions.

The aim of this study is to explore HCPs’ perspectives on using
eHealth tools in advanced home care and their impact on
HCP-patient relationships. This research is particularly relevant
in the context of Sweden’s robust home care system.

Methods

Methodology Overview
This study used qualitative research methods, collecting data
through semistructured interviews with HCPs working in
advanced home care at Aleris in Sweden. Aleris is one of the
major private organizational suppliers of health care in Sweden,
offering a range of medical services, including advanced home
care and other specialist medical treatments [19]. This approach
suited the study’s objective, which aimed to gain a deep
understanding of HCPs’ perspectives on using eHealth tools in
advanced home care and their impact on relationships with
patients. The flexibility of qualitative research allowed nuanced
meanings to emerge from participants, captured through direct
quotations from interview transcripts. The study adopted an
exploratory design to further explain the role of eHealth tools
in advanced home care as perceived by HCPs and examined
how these tools influence their interactions with patients. This
design proved beneficial in uncovering connections between
ideas that were either underrepresented or not previously
demonstrated in the literature [20]. An inductive approach [21]
analyzed the data, aligning with the study’s objectives.

The eHealth Tools
The eHealth tools used in the study are part of the SwipeCare
health care process management system, which partially
integrates into TakeCare, the electronic health record (EHR)
system used by HCPs in their daily practice. TakeCare serves
as the main repository for patient information and is used for
routine clinical documentation. SwipeCare functions as an
overlay on TakeCare, enhancing the existing EHR system by
adding functionalities, such as iPad (Apple Inc)-based
questionnaires, calculations, creating and sending questionnaires
to patients, and patient reminders [22]. SwipeCare controls and
coordinates the patient care process from diagnosis and
treatment to aftercare and follow-up. It allows the organizational
suppliers of health to define and manage the entire health care
process, initiating actions within that process, some performed
by SwipeCare itself (like sending out questionnaires) and others
by HCPs or other units. SwipeCare interacts with TakeCare
only when it needs to read from or write to the patient’s record,
thus complementing rather than replacing the EHR.

The 2 tools chosen for the evaluation were a mobile
documentation tool and a mobile preconsultation form. The
tools were chosen for their complementary nature and potential
to capture a wide range of HCP-patient interactions. While the
mobile documentation tool was used by the HCP, or
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collaboratively by HCP and patients, during in-person visits,
the mobile preconsultation form was completed independently
by patients at home. This diversity in tool use allowed a
comprehensive exploration of eHealth’s impact on HCP-patient
relationships across different contexts.

The iPad-based mobile documentation tool consists of different
predefined standardized forms, which HCPs, either themselves
or together with the patient, fill in. Such a form could, for
example, cover the required information related to the admission
of the patient to a ward or a checklist for evaluating the patient’s
physical status after an adjustment in the treatment. The
questions in the form consist of predefined categories designed
to guide HCPs in documenting patient information. Caregivers
have the discretion to determine which answers are available
for HCPs to fill in. In some cases, there is a designated
“comments” section where HCPs can provide additional
explanations or insights. However, in other instances, caregivers
may choose to limit responses to predefined alternatives. This
limitation mirrored traditional documentation methods, such as
pen-and-paper systems, where options were similarly restricted.
In addition, certain calculations, such as the Mini Nutritional
Assessment (MNA) [23] or the National Early Warning Score
2 (NEWS2) [24], necessitate numerical input and cannot
accommodate text responses. This further underscored the
importance of predefined answer alternatives within the tool.
In addition, the forms ensure no relevant aspects are missed, as
questions can be made mandatory to answer.

The second tool, the mobile preconsultation form, is part of the
patient portal in the system, which enables the patient to access
their own portal, or web page, on their mobile or equivalent
digital device. The patient first receives an SMS text message
with a link to their patient portal. The patient logs in using a
secure method and can then access the preconsultation form.
The patient answers the questions at their own pace and time
and finally sends the answers back to the caregiver. This enables
HCPs to review the status of the patient before traveling to the
patient’s home, avoiding the time spent on questioning and
filling in answers. Instead, it allows that time to be spent caring
for the patient where the patient has its needs, for example, pain
in the foot or problems with digestion. The intention is to free
HCPs from administration to devote time to the care of the
patient and encourage patients to take a more active role in their
own care.

Data Collection and Participant Selection
The recruitment process involved contacting selected
participants via email, facilitated by managers from each of the
9 participating clinics in Stockholm, Sweden. Clinics were
selected to ensure geographic diversity across the Stockholm
region, including clinics from the north, south, and other areas.
Clinic heads collaborated in identifying suitable participants
with experience using the eHealth tools. This selection strategy

aimed to capture a comprehensive range of perspectives,
strengthening the validity of the findings. Inclusion criteria for
participants comprised individuals aged ≥18 years, officially
employed at these clinics, and experienced in using the eHealth
tools in their professional roles. The diversity in HCPs’ roles
and experience levels allowed for capturing a broad view of
eHealth tool use in advanced home care.

Interviews took place between March and May 2023.
Participants received the informed consent form via email before
the interviews, which they reviewed and signed in person at the
beginning of the interview session. Audio recordings and notes
documented each 30- to 45-minute interview. A structured
interview guide provided consistency while allowing the
interviewer flexibility to explore topics relevant to HCPs’
perspectives further. For example, one question from the
interview guide asked participants to describe how they adapted
their use of eHealth tools based on individual patient needs,
providing deeper insights into their experiences and perceptions
regarding the patient-HCP relationship.

The characteristics of the 20 HCPs who participated in the
interviews varied across the 9 clinics. Each clinic contributed
between 1 and 4 HCPs, with a median of 2, ensuring a good
spread of perspectives across the clinics involved. Participants
were aged between 24 to 59 years, with a mean of 45 (SD 9.3;
IQR 41-52) years.

Table 1 presents participants’ characteristics, categorized by
profession, years of practice, duration of using mobile
documentation tools, and duration of using mobile
preconsultation forms. All (20/20, 100%) participants used the
mobile documentation tool, while only 60% (12/20) of them
used the mobile preconsultation form. This difference in tool
use reflects the phased implementation approach common in
health care settings, allowing for the gradual adoption and
refinement of new technologies. The relatively short duration
of eHealth tool use for many participants (0-2 years) illustrates
the dynamic nature of health care staffing, characterized by a
high turnover rate [25]. HCPs joining from other organizational
suppliers of health care or units typically lacked previous
experience with these specific eHealth tools. This limited
experience duration accurately represents the reality found in
many health care units and provides valuable insights into the
initial adoption phase of eHealth tools in advanced home care.

These factors—the selection process, varied tool familiarity,
and relatively short use duration—shaped the findings by
offering a realistic snapshot of eHealth tool adoption in health
care units where staff turnover is common. While this scenario
limits observations on long-term impacts, the study offers a
pragmatic view of eHealth tool implementation, helping
stakeholders set realistic expectations and develop strategies
that account for the realities of staff turnover and varying levels
of tool familiarity in health care settings.
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Table 1. Participant characteristics.

Duration of the use of mobile
preconsultation form (y)

Duration of the use of mobile
documentation tools (y)

Duration of clinical practicea (y)Participant

—b0-26-10Nurse 1

—0-216-20Nurse 2

0-20-26-10Nurse 3

0-20-26-10Nurse 4

0-20-26-10Nurse 5

0-20-20-5Nurse 6

3-53-56-10Nurse 7

0-20-20-5Nurse 8

3-53-50-5Nurse 9

0-20-20-5Nurse 10

0-2>56-10Nurse 11

—0-211-15Nurse 12

0-20-20-5Nurse 13

0-20-26-10Nurse 14

0-20-20-5Nurse 15

—0-26-10Assistant nurse 1

—0-26-10Assistant nurse 2

—0-20-5Assistant nurse 3

—3-50-5Assistant nurse 4

—0-2>20Operational therapist 1

aClinical practice: total time spent as health care professionals across all settings, including advanced home care clinics.
bNot applicable.

Data Analysis
The interview, recorded in audio format, underwent verbatim
transcription and subsequent review for accuracy and
completeness. Following the transcription of the data,
participants’ responses were systematically organized and
categorized. The analysis was conducted using a content analysis
approach grounded in the methodology described by Graneheim
and Lundman [26]. The process began with a thorough data
familiarization. To gain a deep understanding of its content, we
immersed ourselves in the material, reading it carefully multiple
times. Once a comprehensive understanding of the data was
achieved, we identified meaning units—specific segments of
text that conveyed key information relevant to the study’s
objectives. These meaning units were then condensed to retain
their core meaning while eliminating unnecessary details. Each
condensed meaning unit was assigned a code, which served as
a concise label capturing its essential message. The codes were
reviewed and grouped into subcategories based on shared
patterns and similarities, providing a more detailed and refined
understanding of the data. These subcategories were
subsequently combined into broader categories that represented
the distinct dimensions of our study. We then merged related
categories and identified key subthemes. Ultimately, we
consolidated these findings into an overarching theme. This

theme captured the core insights from the data, highlighting
both the benefits and challenges of eHealth tool use in advanced
home care from HCPs’ perspectives.

Ethical Considerations
This research was conducted in Sweden. According to the
Swedish Ethical Review Act (SFS 2003:460) [27,28], this study
does not require ethics approval as it does not involve the
handling of sensitive personal information, as defined by the
European General Data Protection Regulation (GDPR),
Regulation (EU) 2016/679 [29]. However, we acknowledge
that ethical principles still apply and have been followed in
accordance with relevant regulations and research guidelines.

Prospective study participants received an invitation email
outlining the study’s purpose. Those who agreed to participate
were contacted via email, SMS text messages, or phone calls
to schedule interviews according to their preferences. Before
beginning the interviews, participants were provided with a
comprehensive explanation of the study objectives, interview
procedures, and their rights. Both verbal and written consent
were obtained from each participant, with informed consent
signed by the participant and the researcher. The consent form
included information regarding the aim of the study, potential
risks and discomforts, potential benefits, how confidentiality
would be handled, the right to withdraw, and consent
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procedures. It also assured participants of their confidentiality.
All participants were informed of their right to withdraw from
the study at any stage. Furthermore, no monetary or
nonmonetary compensation was provided to any participants.
Finally, they were assured that all raw data, comprising audio
recordings and interview notes, would be stored on a secured
laptop with biometrics log-in (fingerprint) for enhanced data
security.

Results

Overview of Data Analysis
The data analysis identified one main theme—optimizing health
care with eHealth: enhancing care delivery and overcoming
challenges for future health care. Two subthemes emerged: (1)

enhancing care delivery, collaboration, and overcoming adoption
barriers and (2) streamlining implementation and advancing
eHealth tools for future health care delivery. Five categories
were also identified: (1) positive experiences and benefits, (2)
interactions between HCPs and patients, (3) challenges and
difficulties with eHealth tools, (4) integration into the daily
workflow, and (5) future directions. Table 2 shows the
subcategories, categories, subthemes, and themes that emerged
after coding.

The overarching theme highlighted the study’s central focus on
the HCPs’ perspectives on the use and integration of eHealth
tools in their daily practice. It emphasized how these tools
impact the dynamics of health care delivery, including their
influence on the relationships between HCPs and patients, and
how they shape the overall patient care experience.

Table 2. Overview of the optimizing health care with electronic health: enhancing care delivery and overcoming challenges for future health care
theme, subthemes, categories, and subcategories.

SubcategoriesSubtheme and categories

Enhancing care delivery, collaboration, and overcoming adoption barriers

Positive experiences and benefits • Efficiency
• Better documentation and enhanced patient safety

Interactions between HCPsa and patients • Unaffected HCP-patient relationships
• Enhanced patient engagement
• Communication barrier

Challenges and difficulties with eHealth tools • Technical and resource challenges
• Patient-related factors

Streamlining implementation and advancing eHealth tools for future health care delivery

Integration into the daily workflow • Ease of use
• System integration and application

Future directions • Staff recommendations
• Continuity of use

aHCP: health care professional.

Enhancing Care Delivery, Collaboration, and
Overcoming Adoption Barriers

Positive Experiences and Benefits
The participants highlighted several benefits of using the mobile
documentation tool. One significant advantage was the
decreased documentation time during patient consultations. The
mobile tool allows HCPs to document directly during patient
encounters, which increase efficiency by eliminating the need
for double documentation [30] and reducing the time spent on
paperwork. Approximately two-thirds (13/20, 65%) of the HCPs
indicated that the mobile documentation tool helped them save
time on documentation:

I think it [the mobile documentation tool] decreases
my work time [taking clinical notes during
consultation]. [Nurse 6]

It saves me time because I document while I am at
the patient’s house. [Nurse 9]

Another benefit mentioned was the standardization of content
for clinical note-taking. The use of standardized templates within
the mobile tool ensured that all relevant information was
captured consistently, which is crucial for effective patient care.
Participants also expressed an enhanced sense of safety and
security for patients when using the mobile documentation tool.
This improvement was attributed to more accurate and timely
documentation of health status, which contributed to better
patient outcomes. The time saved through efficient
documentation potentially translated to improved patient care
quality. With reduced administrative burden, HCPs could devote
more time to meaningful patient interactions, allowing more
in-depth discussions about health concerns and treatment plans.

While most (13/20, 65%) participants perceived the mobile
documentation tool as beneficial, some noted challenges. A few
(7/20, 35%) participants reported that it disrupted their routine
workflow by prolonging consultation times. They found that
carrying the iPad during home care visits added to their
equipment load, making it inconvenient:
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I think it [the mobile documentation tool] increases
my work time. My usual consultation is about 20-30
minutes, with it [the mobile documentation tool], it
can take 45-50 minutes. We carry a lot of equipment
during home care visits, including a laptop, and it
can be heavy. The iPad is an additional weight.
[Nurse 1]

Because we cannot do everything we need in the
[mobile documentation] tool, it kind of doubles the
work for us. [Nurse 4]

Among users of the mobile preconsultation form, participants
highlighted several advantages, including knowing the patient’s
medical concerns in advance and saving time on preparations.
This previsit work done by patients reduced the administrative
workload on HCPs, allowing for a more efficient use of
consultation time.

Standardizing documentation through the mobile documentation
tool and preconsultation form may lead to more consistent and
thorough patient assessments across different HCPs. This
standardization ensures that all relevant information is captured
systematically, potentially improving the continuity of care and
reducing the risk of overlooking critical patient data.

The use of eHealth tools in advanced home care led to better
documentation practices while enhancing patient safety. The
majority (13/20, 65%) of the participants found the standardized
content of the mobile documentation tool beneficial, noting that
it ensured they would not overlook critical information:

It is kind of nice that the [mobile documentation] tool
has a lot of information that can help with taking
notes. Also, the setup is the same for everyone, so I
think the note-taking is sort of standardized. [Nurse
1]

This standardized approach to documentation not only improved
consistency across different HCPs but also potentially enhanced
the quality of patient care. By ensuring comprehensive data
collection, the tool might lead to more informed clinical
decision-making and improved continuity of care. The structured
format guided HCPs through specific assessment points, helping
to ensure that all relevant aspects of patient care were addressed
during consultations. Improved documentation through eHealth
tools contributed to patient safety and security. Participants
noted that accurate information recorded in EHRs reassures
patients, helping them feel more secure in their care:

When we use [the mobile documentation tool], we
can check the necessary things we have to ask the
patient. We will not forget anything because we have
a guide, I think that is good for the patient...it can
increase patient security. [Nurse 13]

I think they [patients] feel safer when I can write
everything in the [mobile documentation] tool while
I am with them, and they can check what I write.
[Nurse 8]

The ability for patients to review clinical notes during
consultations further enhanced their confidence, fostering a
sense of transparency in the health care process and further
strengthening the relationship. This aligned with the principle

of “equal care” in Sweden, which emphasizes the importance
of providing consistent quality care to all patients, regardless
of their location or the HCPs they encounter [31].

By standardizing documentation practices, eHealth tools
contributed to this principle by ensuring that all relevant patient
information is consistently captured and accessible to different
HCPs. This standardization not only improved continuity of
care but also enhanced trust between patients and HCPs. The
structured format of the mobile documentation tool facilitated
comprehensive data collection, allowing HCPs to focus on
critical issues during consultations. This approach optimized
patient interactions and strengthened the overall quality of care
provided, aligning with Sweden’s commitment to equitable
health care access.

Interactions Between HCPs and Patients
All (20/20, 100%) participants indicated that their relationship
with patients remained unaffected by the implementation of
both the mobile documentation tool and the mobile
preconsultation form. This finding suggested that HCPs were
able to maintain their interpersonal skills and patient-centered
approach while integrating eHealth tools into their practice:

I think nothing has changed in how I interact with
patients when using it [the mobile documentation
tool]. [Nurse 5]

The consistency in relationships despite introducing new
technology highlighted the adaptability of HCPs in maintaining
effective communication with patients. While the eHealth tools
introduced new elements to patient interactions, such as the
physical presence of devices, HCPs appeared to successfully
navigate these changes without compromising the quality of
their patient relationships. Furthermore, the mobile
preconsultation form may have enhanced patient engagement
by allowing patients to provide more comprehensive information
before consultations. This previsit work could potentially lead
to more focused and in-depth discussions during face-to-face
interactions, without negatively impacting the HCP-patient
relationship.

The mobile preconsultation form emerged as a tool that
potentially enhances patient engagement in their care. Some
(3/12, 25%) participants noted that certain patients provided
more comprehensive information through written responses on
the mobile preconsultation form than during face-to-face
interactions with the HCPs. This suggested that the tool may
lead to more informed and collaborative interactions during
consultations:

If you send out the form, I think you can get more
information from the patients because they [patients]
have more time to think about it rather than when we
ask them in person. [Nurse 7]

The previsit work done by patients allowed them to elaborate
on both current problems and positive aspects of their health
status. This more comprehensive written information might
shift the dynamics of face-to-face interactions, potentially
allowing more focused and in-depth discussions during
consultations. Furthermore, the mobile preconsultation form’s
ability to highlight patients’ medical concerns in advance
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enabled HCPs to prepare more effectively for consultations.
This preparation may contribute to more efficient and
patient-centered interactions, as evidenced by one participant’s
comment:

We send out the form once every four weeks for when
we do the team rounds, it can help us in doing the
team rounds, making it faster and more efficient, in
my experience. [Nurse 5]

By facilitating more comprehensive information gathering and
allowing HCPs to focus on critical issues, the mobile
preconsultation form may enhance patient engagement and
potentially improve the quality of HCP-patient interactions in
advanced home care settings.

Participants mentioned communication barrier as a challenge.
While the eHealth tools offered numerous benefits, 20% (4/20)
of the participants observed noted challenges in their use during
patient interactions. These HCPs noted that the iPad (mobile
documentation tool) could sometimes be a barrier to effective
communication:

When I am holding the iPad in front of the patient, it
kind of becomes a barrier between us. [Nurse 6]

When using the iPad, you tend to look down instead
of looking at the patient directly. [Nurse 9]

Maybe some patients find it rude [using an iPad
during consultation], but most of them understand
that we do it to get everything right. Also, I think
sometimes I have a less open conversation with
patients. [Nurse 10]

Most (16/20, 80%) participants did not report communication
issues, suggesting that the majority of HCPs were able to
integrate the eHealth tools without significant impact on patient
interactions. Compared to traditional pen-and-paper methods,
the eHealth tool presented both advantages and challenges for
patient-HCP communication. While pen-and-paper notes may
feel less intrusive during patient interactions, the eHealth tool
offers improved legibility, standardization, and ease of data
retrieval, potentially enhancing the quality of information shared
with patients. However, the physical presence of the device
could create a perceived barrier for some HCPs and patients.
The eHealth tool’s structured format ensures comprehensive
documentation, potentially reducing the risk of omitting crucial
information compared to freeform paper notes. This
standardization may lead to more consistent and thorough patient
assessments across different HCPs, indirectly benefiting patient
care and communication. However, this structure might
sometimes limit the flexibility in capturing nuanced patient
narratives.

Regarding focus on issues and medical decision-making, the
eHealth tool’s ability to provide instant access to patient history
and standardized assessments can potentially enhance HCP’s
ability to focus on critical issues during patient interactions.
However, as noted by some participants, the tool might
occasionally divert attention from direct patient interaction.
These observations highlighted the need for balanced use of
eHealth tools, combining their benefits with maintaining
effective patient communication. HCPs may need to develop

strategies to integrate these tools seamlessly into their patient
interactions, ensuring that technology enhances rather than
hinders the HCP-patient relationship.

Challenges and Difficulties With the eHealth Tools
While most (14/20, 70%) participants reported no technical
issues, some HCPs encountered technical and resource
challenges when using eHealth tools in advanced home care.
Specifically, 30% (6/20) of the participants faced technical
problems with the mobile documentation tool, including log-in
difficulties, frequent software updates, and issues importing
clinical notes to the patient’s EHR:

First, when you come in to work, you have to log in
to the [mobile documentation tool]. Sometimes, it’s
a problem. Now, with the frequent updates—they do
updates like every week—there is often something
wrong after each update... [Nurse 3]

Notably, 100% (12/12) of the participants who used the mobile
preconsultation form reported no technical issues at all. Resource
limitations were a more widespread concern. All (20/20, 100%)
participants noted the need to share iPads among staff members,
potentially limiting access and flexibility in documentation:

The staff has to share iPads [with the mobile
documentation tool] within the team. [Nurse 9]

These challenges highlighted the importance of robust IT
infrastructure and adequate resource allocation in eHealth
implementation. While technical issues affected only a minority
(6/20, 30%) of users, device sharing impacted all (20/20, 100%)
participants, potentially influencing HCP efficiency and,
consequently, patient care quality.

Patient-related factors, such as patient characteristics,
influenced the adoption and use of eHealth tools in advanced
home care. Approximately 55% (11/20) of the participants noted
that the patient’s age and health conditions affected
receptiveness to eHealth tools, particularly the mobile
preconsultation form:

Not all patients are open to using the [mobile
preconsultation] form. Usually, older patients or those
with difficult diseases are not open to it. [Nurse 12]

HCPs demonstrated adaptability by adjusting their approach
based on patient characteristics. This flexibility was crucial for
maintaining quality care across diverse patient populations.
However, it also raised concerns about potential disparities in
care delivery between technologically proficient patients and
those less comfortable with eHealth tools. Some patients
expressed skepticism about using the mobile preconsultation
form, particularly due to privacy concerns:

There are patients who are skeptical about using it
[the mobile preconsultation form], as it involves using
their [personal information] BankID [a Swedish
electronic identification system]. [Nurse 11]

On the other hand, a subset of patients, predominantly younger
individuals, demonstrated an openness to using eHealth tools,
according to 55% (11/20) of the participants. This varying
receptiveness highlighted the need for a personalized approach
in implementing eHealth tools in advanced home care settings,
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ensuring that all patients receive appropriate care regardless of
their technological proficiency.

Streamlining Implementation and Advancing eHealth
Tools for Future Health Care Delivery

Integration Into the Daily Workflow
Regarding ease of use, 75% (15/20) of the participants found
the mobile documentation tool easy to use. The initial
introduction and demonstration of these eHealth tools to HCPs
lasted an hour and was perceived as sufficient by all the 12
(12/12, 100%) participants who received it. Some (4/20, 20%)
participants had the opportunity to familiarize themselves with
the tool beforehand as part of the implementation team, while
12 (12/20, 60%) participants received information during
introductory seminars at their clinics. Some (4/20, 20%)
participants only underwent introductory training after using
the mobile documentation tool:

I have tried it [the mobile documentation tool],
honestly, without any training... I tried to use it... I
think it is easy. [Assistant Nurse 2]

My colleague taught me how to use it [the mobile
documentation tool]. [Nurse 8]

In addition, 25% (5/20) of the participants reported that the
log-in process and navigating through all the components of
the mobile documentation tool required some time to become
familiar with, but they gradually improved with more use:

As I continue to use it [the mobile documentation
tool], I learn more about it, which makes me better
at using it. [Nurse 2]

Regarding system integration and adaption all (20/20, 100%)
participants highlighted challenges in integrating eHealth tools
into existing systems and their practical application in advanced
home care. A key limitation was the incomplete integration of
the mobile documentation tool with the existing EHR system,
TakeCare. While clinical notes could be uploaded to the
patient’s journal, other crucial data remained inaccessible
through the mobile tool, requiring staff to rely on computers
for a complete view of patient information:

It [the mobile documentation tool] doesn’t have all
the functions that you have in the EHR. [Nurse 7]

[B]ecause with the computer, I can do and see
everything on the patient’s EHR, but not with the
iPad. [Nurse 4]

The lack of full system integration disrupted seamless workflows
and raised concerns about potential inconsistencies in
documentation and delays in accessing critical information
during consultations. Participants expressed a strong desire for
improved interoperability to ensure that all necessary data are
accessible on the mobile device.

Regarding practical application, HCPs generally found the
mobile preconsultation form useful for integrating into their
existing workflows. However, its applicability was perceived
as limited for certain patient groups and care scenarios. For
example, HCPs noted that sending the form before every
consultation was unnecessary for patients with chronic

conditions requiring long-term care as their primary clinical
concerns often remained consistent:

For example, I have had this patient for a very long
time, and the patient has a chronic condition. I don’t
need to send the form [before] every visit because the
status is still the same. [Nurse 11]

Despite these limitations, participants acknowledged the value
of the preconsultation form for new patients or those with
changing health conditions. It allowed HCPs to gather detailed
information in advance, facilitating more focused consultations.
These findings underscored the importance of improving system
integration to enhance workflow efficiency while adapting
eHealth tools to meet diverse patient needs in advanced home
care settings.

Future Directions
HCPs shared recommendations on enhancing the effectiveness
of the eHealth tools in their daily workflow in advanced home
care. Most (16/20, 80%) participants expressed that completely
integrating the mobile documentation tool with the patient’s
EHR system would improve efficiency. They suggested that
accessing the same information as in the patient’s EHR directly
on the mobile device would eliminate the need to switch
between the iPad and the computer for clinical documentation,
improving their workflow:

Lab results and checking off the to-do list, that is what
is still missing, I think...and an easier login. [Nurse
9]

All (12/12, 100%) HCPs who used the mobile preconsultation
form found it adequate. However, 17% (2/12) of the participants
suggested further enhancements to the interface, including
languages other than Swedish:

The [mobile preconsultation] form does not look very
good, in my opinion. It can be better. [Nurse 11]

Regarding equipment use, half (10/20, 50%) of the participants
expressed that having sufficient iPads for all staff members
would be advantageous, reducing the need for frequent logging
in and out.

Approximately two-thirds (14/20, 70%) of participants
anticipated continuity of use of the 2 eHealth tools in advanced
home care, acknowledging the emergence of the new
technologies. In addition, 45% (9/20) of the HCPs expressed
optimism regarding the increased patient acceptance of
technology in health care:

I think they [patients] will use them [eHealth tools]
more and more in the future. [Nurse 7]

Discussion

Principal Findings
The aim of this study was to explore HCPs’ perspectives on
using eHealth tools in advanced home care and their impact on
HCP-patient relationships. In total, 20 HCPs from 9 different
advanced home care clinics participated in the interviews,
leading to the identification of five categories: (1) positive
experiences and benefits, (2) interactions between HCPs and
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patients, (3) challenges and difficulties with the eHealth tool,
(4) integration into the daily workflow, and (5) future directions.

Overall, most (13/20, 65%) HCPs expressed a positive
perspective regarding the 2 eHealth tools used in the study: the
mobile documentation tool and the mobile preconsultation form.
The results showed that HCPs identified several benefits for
themselves and their patients. Notably, 65% (13/20) of the
participants reported that the mobile documentation tool allowed
them to document directly during patient encounters, eliminating
double documentation and saving time. Standardized templates
within the tool ensured consistency in clinical note-taking, which
participants believed enhanced patient safety by reducing errors
and omissions.

While most (13/20, 65%) HCPs reported increased efficiency,
35% (7/20) experienced the opposite, suggesting that user
acceptance of eHealth is multifaceted. These participants
reported that the mobile documentation tool disrupted their
routine workflow by prolonging consultation times and adding
to their equipment load during home care visits. This highlights
the importance of considering individual user experiences in
eHealth implementation. The ease of use of the eHealth tools
was a significant factor in their integration into daily workflows.
Most (15/20, 75%) of the participants found the mobile
documentation tool easy to use, indicating successful integration.
This high level of usability likely contributed to the overall
positive reception of the tools and suggested that well-designed
eHealth solutions can be effectively adopted in advanced home
care settings.

However, HCPs noted challenges, both tool-related and
patient-related. Some (6/20, 30%) of the participants faced
technical problems with the mobile documentation tool,
including log-in difficulties and issues importing clinical notes
to the EHR. These technical challenges highlight the need for
robust IT infrastructure and ongoing technical support in eHealth
implementation. Resource limitations were a widespread
concern, with all participants noting the need to share iPads
among staff members. This sharing potentially limits access
and flexibility in documentation, impacting workflow efficiency.
Future eHealth implementations should consider resource
allocation to ensure adequate device availability for all HCPs.

Patient characteristics influenced the adoption of eHealth tools,
particularly the mobile preconsultation form. Approximately
55% (11/20) of the participants noted that patient age and health
conditions affected receptiveness to these tools. This finding
underscores the importance of tailoring eHealth implementations
to diverse patient populations and considering alternative
approaches for patients less comfortable with technology. The
mobile preconsultation form emerged as a tool that potentially
enhances patient engagement. Some (3/12, 25%) of the
participants using this tool noted that certain patients provide
more comprehensive information through written responses
than face-to-face interactions with HCPs. This previsit work
allows for more focused and efficient consultations, potentially
improving the quality of HCP-patient interactions.

Regarding the HCP-patient relationship, all (20/20, 100%)
participants reported that the use of eHealth tools had no
significant impact on the relationship with patients. This

suggests that HCPs successfully maintained their interpersonal
skills and patient-centered approach despite introducing new
technology. However, 20% (4/20) of the participants noted that
using devices such as iPads could occasionally act as a
communication barrier during consultations, highlighting the
need for strategies to seamlessly integrate technology into
patient interactions.

Looking to the future, 70% (14/20) of the participants
anticipated continued use of the eHealth tools in advanced home
care, reflecting their perceived long-term value despite existing
challenges. In addition, 45% (9/20) of the HCPs expressed
optimism about increased patient acceptance of technology in
health care. While participants did not report changes in
HCP-patient interactions, they emphasized that current eHealth
tools successfully maintain existing relationships without
negatively impacting communication or rapport.

Comparison With Prior Work
Mathijssen et al [32] highlighted a similar finding of positive
perception of eHealth by HCPs in home care. Despite recognized
challenges such as inadequate training and support, data privacy
concerns, and the necessity for more user-friendly technology,
eHealth in home care is seen as a promise to enhance care
quality. A study focusing on a specific eHealth tool, electronic
medication administration records, emphasized the importance
of cautious implementation due to potential unintended
consequences [33]. Participants noted that the electronic
medication administration records introduced new tasks
alongside existing nursing tasks. In contrast, our study found
no perceived changes in the workflow or work situation due to
eHealth tools, potentially contributing to their overall positive
reception.

Carlqvist et al [34] conducted a qualitative interview study
examining how an eHealth application can serve as a
value-creating resource from the perspective of HCPs. Their
findings indicated that while such applications can enhance
proactive communication and support patient engagement in
self-care, challenges remain. Notably, patients’ difficulties in
using the application or performing measurements sometimes
led to value destruction, requiring time-consuming recovery
efforts by professionals. This contrasts with our study, where
HCPs reported no significant workflow disruptions due to
eHealth tools, potentially contributing to their positive
acceptance.

Nakrem et al [35] explored the introduction of digital medicine
dispensers in home health care services and their influence on
patient-caregiver relationships. They found that while such
technologies can improve efficiency and enhance patient
independence, they may also strain patient-caregiver
relationships if not aligned with patients’ needs and safety
concerns. However, in our study, HCPs did not perceive eHealth
tools as affecting their relationships with patients, suggesting
that the specific type of technology and its implementation
context play crucial roles in acceptance and impact.

Furthermore, Ramachandran et al [36] conducted a review
examining the impact of eHealth on patient-HCP and HCP-HCP
relationships in primary care. They found that eHealth can have
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both positive and negative effects on relationships and trust,
influenced by factors, such as technology design, patient
demographics, and organizational implementation strategies.
This aligns with our findings, where the successful integration
of eHealth tools without perceived workflow disruptions may
be attributed to effective implementation strategies and
user-centered design.

Future Research
Future studies could explore strategies for seamlessly integrating
eHealth tools into patient interactions without compromising
communication quality. In addition, research into personalized
eHealth solutions that accommodate diverse patient needs and
preferences could address challenges related to patient
characteristics. Investigating the long-term impacts of eHealth
tools on care quality, patient outcomes, HCP-patient
relationships, and HCP job satisfaction would provide valuable
insights for future implementations.

Another important area for investigation is the development
and implementation of features that actively enhance
HCP-patient relationships in advanced home care environments.
For instance, improving patient education modules or creating
shared decision-making tools tailored to home care settings
could address some of the gaps identified in this study, such as
maintaining meaningful interactions while using eHealth tools.

Furthermore, exploring the role of relatives in supporting
patients with eHealth tools could offer new avenues for
enhancing patient engagement and care delivery [37]. Relatives
could assist with completing preconsultation forms or managing
digital tools for patients who face challenges due to age or health
conditions. Recognizing relatives as key stakeholders alongside
HCPs may improve overall patient support in advanced home
care settings [38].

Limitations
This study focused specifically on advanced home care settings
in Sweden, which may limit the applicability of findings to other
health care contexts. The unique characteristics of advanced
home care, such as the need for mobile documentation and
remote patient monitoring, shaped the experiences reported by
HCPs. In addition, the exclusive focus on HCPs’ interviews
represents another limitation. Incorporating patients’
perspectives could offer valuable insights and contribute to a
more comprehensive understanding of the implementation of
eHealth tools in advanced home care.

Conclusions
HCPs in advanced home care recognize the value of eHealth
tools in their daily work while maintaining the quality of their
relationships with patients. The study provides insights into
both the experiences of HCPs using eHealth tools and how these
tools influence their interactions with patients in advanced home
care settings. Positive experiences related to eHealth use and
the level of integration of eHealth tools into daily work motivate
staff to use these tools, potentially allowing for more time and
focus on patient interactions. By contrast, negative experiences
with the eHealth tools limit their use and acceptance.

Notably, HCPs reported no perceived changes in their
relationships with patients when using the mobile documentation
tool and the preconsultation form tool. This suggests that
eHealth tools can be integrated into care delivery without
compromising the personal aspect of HCP-patient interactions.
Although most of the staff in the study had a positive view of
their use of the eHealth tools, understanding the challenges they
encounter is essential to increase acceptance and success in
implementation further. Future development should focus on
features that not only improve efficiency but also actively
enhance HCP-patient relationships in the advanced home care
setting.
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Abstract

Background: Current health care education methods in Pakistan use traditional media (eg, television and radio), community
health workers, and printed materials, which often fall short of reach and engagement among most of the population. The health
care sector in Pakistan has not yet used social media effectively to raise awareness and provide education about diseases. Research
on the impact social media can have on health care education in Pakistan may expand current efforts, engage a wider audience,
and reduce the disease burden on health care facilities.

Objective: This study aims to evaluate the perceptions of health care professionals and paramedic staff regarding social media
use to raise awareness and educate people about diseases as a potential means of reducing the disease burden in Pakistan.

Methods: The study used two-stage structural equation modeling (SEM). Data analysis used AMOS 26.0 software, adopting
scales from previous literature. Four-item scales for each social media usefulness and health awareness construct and 8-item
scales for health care education constructs were adopted on the basis of their higher loading in alignment with psychometric
literature. A 7-point Likert scale was used to measure each item. Data collection used convenience sampling, with questionnaires
distributed to more than 450 health care professionals and paramedic staff from 2 private hospitals in Lahore, Pakistan. There
were 389 useful responses received. However, 340 completed questionnaires were included in the data analysis.

Results: The study found that all the squared multiple correlation (SMC) values were greater than 0.30. Furthermore, convergent
validity was measured using (1) standardized factor loading (found greater than 0.5), (2) average variance explained (found greater
than 0.5), and (3) composite reliability (found greater than 0.7). The confirmatory factor analysis (CFA) of the measurement
model indicated the fitness of the constructs (Chi-square minimum [CMIN]=357.62; CMIN/degrees of freedom [DF]=1.80;
Goodness of Fit [GFI]=0.90; Adjusted Goodness of Fit Index [AGFI]=0.89; Buntler-Bonett Normed Fit Index [NFI]=0:915;
Comparative Fit Index [CFI]=0:93; Root Mean Square Residual [RMR]=0:075; Root Mean Square Error of Approximation
[RMSEA]=0:055). Moreover, the structural model fitness was also confirmed (CMIN=488.6; CMIN/DF=1.85; GFI=0.861;
AGFI=0.893; NFI=0.987; CFI=0.945; RMR=0:079; RMSEA=0.053). Hence, the results indicated that social media usefulness
has a positive and significant effect on health awareness (hypothesis 1: β=.669, P<.001), and health awareness has a positive and
significant effect on health care education in Pakistan (hypothesis 2: β=.557, P<.001).

Conclusions: This study concludes that health care professionals and paramedic staff in private hospitals support the use of
social media to raise awareness and provide health care education. It is considered an effective tool for reducing the disease
burden in Pakistan. The study results also revealed that young health care professionals are more inclined toward social media
usage and express the need for legislation to support it and establish a monitoring process to avoid misinformation.

(JMIR Hum Factors 2025;12:e65745)   doi:10.2196/65745

KEYWORDS

social media; health awareness; health education; innovation diffusion theory; structural equation modeling; disease burden;
healthcare facilities; health professionals; misinformation; cost effective

Introduction

Background
In Pakistan, the health care system is resource-strapped, leading
to challenges in preventing infectious diseases. The country has

a high maternal mortality rate (186 deaths per 100,000 live
births) and a high infant mortality rate (56 deaths per 1000 live
births) [1]. Many complications arise from a lack of awareness
and education about prenatal care, safe delivery practices, and
postnatal care [2]. Moreover, poor understanding of nutrition
has led to widespread malnutrition among children and pregnant
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women in Pakistan [1,2]. Malnutrition in children leads to
stunted growth, weakened immunity, and impaired cognitive
development [2]. The prevalence of stunting in Pakistan is
among the highest in the world, affecting approximately 38%
of children under 5 years of age [3].

In this context, health awareness and education campaigns
potentially lead to behavioral changes and alleviate the burden
on health facilities [4]. Public health campaigns, particularly
those focused on preventive measures like vaccination, hygiene,
and lifestyle changes, have substantially reduced the incidence
of various diseases [3,5]. For example, handwashing campaigns
alone have reduced respiratory infections by up to 23% [6].
Awareness campaigns aimed at managing chronic conditions,
such as diabetes and hypertension, through education on
medication adherence and lifestyle modifications have reduced
complications and hospital visits [7]. These interventions have
been shown to improve health outcomes and reduce health care
costs by up to 25% [8].

Among various tools and health interventions, social media has
attained the most global attention to enhance health awareness
and education to a wider population and discovered its
significant impact in addressing health care issues [9,10].
According to social media statistics, social media users
worldwide reached 5.04 billion in January 2024, representing
63% of the world’s population, with users growing 6% annually
[11]. On average, social media users spend 2 hours and 23
minutes daily on social media platforms and see various content
[11,12]. Social media tools, such as Facebook (Meta), TikTok
(ByteDance), Twitter (subsequently rebranded as X), Instagram
(Meta), and YouTube (Google), facilitate health care
professionals in educating and influencing perceptions, including
networking, sharing ideas, disseminating information,
demonstrating, coaching, consulting, and advertising [12,13].
Existing literature in the health care sector has exhibited the
transformative potential of social media and its usefulness in
spreading health awareness and education [9,10,12,13].

However, the existing literature lacks comprehensive insights
into the role of social media in fostering health awareness and
education within developing countries, particularly Pakistan.
This study addresses this gap by applying Innovation Diffusion
Theory to examine the mediating effect of health awareness and
empirically testing the impact of social media on health care
education among health care professionals.

Therefore, the primary objective of this study is to investigate
the role of social media in enhancing health awareness and its
subsequent impact on health care education in Pakistan. By
addressing the gap in the literature concerning the adoption of
social media for health care communication in developing
countries, this research aims to provide empirical evidence and
practical insights for leveraging digital platforms to improve
health outcomes.

This section comprehensively reviews existing literature on
social media usefulness, health awareness, health care education,
and health care sector challenges in Pakistan.

Social Media Usefulness
The global adoption of social media platforms has led to scalable
public health interventions, increased precision and
effectiveness, and improved resource mobilization [14]. Social
media has encouraged healthy behaviors and enabled informed
choices through sharing tips, challenges, and success stories
[9]. Health care professionals can provide accurate,
evidence-based information as trusted sources [11]. Their
involvement is vital due to their expertise, credibility, and ability
to reach a wide audience. Campaigns through social media on
vaccination, hygiene practices, mental health awareness, and
other preventive measures have been helpful in countries like
Germany and France [9,10].

Moreover, social media has been effectively used to combat the
pandemic and other diseases during the COVID-19 pandemic
[15]. The social media data were instrumental in tracking the
spread of the COVID-19 virus and disseminating accurate
information [16]. Campaigns on platforms such as Facebook
and Twitter have been used to promote vaccination, leading to
increased uptake in various regions [12]. Tailored messaging
on HIV prevention for at-risk populations has shown to be more
effective than generalized campaigns [13]. Moreover, existing
literature has shown examples of successful public health
campaigns, such as:

1. #SmearForSmear Campaign: this social media campaign
aimed to raise awareness about cervical cancer screening
and successfully increase screening rates by leveraging the
reach of platforms such as Twitter and Instagram [17].

2. Truth Initiative: an antismoking campaign that effectively
used social media to reduce teen smoking rates through
engaging content and interactive platforms [18].

Health Awareness
Health awareness is termed as “Enhancing the ability of
individuals to understand and use health information to make
informed decisions about their health” [13]. Efforts for health
awareness are varied and multifaceted, encompassing a wide
range of activities aimed at educating the public about health
issues, promoting healthy behaviors, and preventing diseases
[16]. Health awareness campaigns lead to early detection and
timely intervention, which benefits individuals by lowering
their health care expenses and reducing the financial burden on
the health care system [18]. Health awareness is generally
performed using mass media, social media, posters, billboards,
workshops, seminars, local outreach programs, influencers, and
public figures [12]. However, social media is most useful in the
current era due to its cost-effectiveness and wider audience
engagement [17]. Social media allows targeted messaging based
on demographics, interests, and online behavior [19]. This
ensures that health messages reach the people most likely to
benefit from them. Moreover, the effectiveness of health
awareness through social media can be measured in a few easy
ways, such as the number of impressions, likes, shares,
comments, hashtag usage, and so on [18,19]. Hence, medical
professionals can analyze the efficacy of their awareness
messages. There have been several successful health awareness
campaigns conducted through social media that have achieved
significant outcomes (Textbox 1).
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Textbox 1. Health care awareness campaigns.

• ThisGirlCan (2015)

• Objective: Encourage women of all ages and backgrounds to be more physically active, regardless of their shape, size, or fitness level [20].

• Execution: The campaign featured real women participating in various physical activities, promoting the message that women should feel
confident about being active regardless of societal pressures or body image concerns.

• Platforms used: Instagram, Twitter, Facebook, and YouTube.

• Outcomes:

• Widespread engagement: The hashtag #ThisGirlCan was used millions of times, with significant engagement from women sharing
their own stories and photos.

• Behavioral change: The campaign was credited with encouraging over 2.8 million women in the United Kingdom to become more
active.

• Long-term impact: The campaign continued beyond its initial phase, evolving into a broader movement that still influences public
attitudes towards women and fitness.

• #BellLetsTalk (Ongoing)

• Objective: Raise awareness about mental health issues and reduce stigma around mental illness in Canada [21].

• Execution: For every tweet using the hashtag #BellLetsTalk, every text message sent by Bell customers, and every Facebook video view,
Bell Canada donates 5 cents to mental health initiatives.

• Platforms used: Twitter, Facebook, Instagram, and Snapchat.

• Outcomes:

• Record participation: The 2021 campaign saw 159 million interactions, raising nearly CAD $8 million (equivalent US $5.56 million)
in a single day.

• Sustained impact: Since its inception, the campaign has raised more than CAD $121 million (equivalent US $84.5 million) for mental
health initiatives.

• Increased conversations: The campaign has significantly increased public dialogue about mental health in Canada, contributing to
reducing stigma and promoting mental wellness.

Health Care Education
Health care education refers to a deeper understanding of
specific health topics, including the causes, symptoms,
prevention, and treatment of diseases and how to maintain or
improve health [20]. It involves having factual information and
comprehension of health-related subjects [17]. Health care
education encourages regular check-ups, screenings, and
vaccinations, leading to early detection of diseases and more
effective prevention strategies [19]. For those with chronic
conditions such as diabetes, hypertension, or asthma, health
care education is essential for managing symptoms, adhering
to treatment plans, and avoiding complications [13].

In resource-limited economies, insufficient health care education
has been reported among the population, which impedes
individuals’ ability to understand, access, and apply health
information effectively [21]. Moreover, low-income individuals
may have less access to health resources, education, and
information, which hinders their ability to acquire and apply
health education [22]. Addressing these barriers in
resource-limited countries requires targeted strategies such as
improving health literacy, offering culturally sensitive health

care education, increasing access to technology, and combating
misinformation [21].

Among these targeted strategies, social media has gained the
most attention in the high-income world [20]. Health care
education through social media has become an increasingly
effective method for reaching diverse audiences with health
information. Studies suggest that health care education
campaigns on social media can achieve behavioral change
success rates ranging from 20% to 40% [16,17]. For instance,
social media campaigns promoting COVID-19 vaccination have
seen varying success, with some countries reporting a 15% to
25% increase in vaccine uptake attributable to social media
efforts [15]. Moreover, some campaigns that promote health
services (eg, vaccination drives or mental health counseling)
report conversion rates (actual service uptake) of 5% to 20%,
depending on the call to action and the ease of access to the
service [18]. The existing literature has discussed a few notable
health care education campaigns executed through social media
and validated their impact. One such campaign for spreading
health care education is The Amyotropic Lateral sclerosis (ALS)
Ice Bucket Challenge (Textbox 2).
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Textbox 2. Health care education campaigns through social media.

1. The ALS Ice Bucket Challenge (2014)

• Overview: Participants dumped buckets of ice water over their heads, shared videos on social media, and nominated others to do the same, all
to raise awareness and funds for Amyotrophic Lateral Sclerosis (ALS) research [23].

• Impact:

• Financial: Raised over US $115 million for the ALS Association in just a few months.

• Awareness: Dramatically increased global awareness of ALS, with millions participating worldwide.

• Research Advancement: Funds contributed to significant research advancements, including the discovery of new ALS genes.

Pakistan Context
In Pakistan, the Federal and provincial governments jointly
administer 60% of the health care system, with the private sector
contributing 30%. Autonomous bodies support the remaining
10 percent [24]. The diverse structure and the country’s
economic challenges pose unique obstacles to effective health
care delivery. The country’s health care spending is at 2.95%
of its Gross Domestic Product, and the Pakistani government
always disregarded the economic survey data and faced criticism
from the apex medical organization as it necessitated health
allocations in line with global guidelines [25]. To provide quality
health care, the Pakistan Medical Association (PMA) expressed
the need for 6% of the country’s Gross Domestic Product
allocation, as recommended by the World Health Organization
[17], which the country is unable to meet due to economic
challenges [26].

Due to these financial limitations, there are reported disparities
in health awareness, with urban areas generally having better
access than rural regions [2]. Thus, communicable diseases,
such as waterborne diseases and vector-borne diseases, remain
a more significant concern in rural regions [1,3]. Moreover,
with limited access to maternal health care and family planning
services, Pakistan witnesses high maternal and child mortality
rates [2]. Diseases such as malaria, tuberculosis, and hepatitis
are prevalent, which exacerbates the situation [24]. Moreover,
stigma about sexually transmitted infections results in inadequate
prevention and treatment efforts that result in a psychological
attack on patients [25]. Poor sanitation and hygiene contribute
to outbreaks of diseases like cholera and dysentery in Pakistan
and many preventable diseases, such as polio and measles,
persist due to low vaccination rates [23].

Amid financial crises, health care awareness and education are
known to be effective in reducing the disease burden rate [8].
There are several traditional efforts made by the Government
of Pakistan Ministry of Health in the past to improve disease
awareness and reduce the patient burden [24]. These include
the following:

1. Engaging community health workers in disseminating health
information, especially in rural areas. However, the number
of community health workers to cover the target population
is very limited and requires substantial spending [24].

2. Use of radio and television for health awareness programs,
public service announcements, and talk shows but requires
financial resources [27].

3. Newspapers, magazines, and pamphlets are also used to
spread health information, but considering the low literacy
rate and cost of print media, these are not found to be much
effective for the target population [27].

However, among the modern techniques, social media has
gained much attention from health care communities globally
[7,10]. Pakistan has also witnessed the widespread of social
media but in academics, e-commerce, entertainment, media,
politics, sports, and religious sectors. In Pakistan, 29.5% of the
population is on social media, whereas 77.8% has active mobile
connections, meaning these users also have access to social
media platforms [28].

The health care sector is structured to depend on government
approval for any initiative [29]. The government has not devised
any legislation to promote the use of social media for awareness
[24,27]. This mainly restricts the government’s health
departments and health care professionals from using this tool
to publicize health messages. Some efforts have been made to
digitalize the health care sector using the eHealth concept and
implement a few apps to initiate telehealth and telemedicine
[30]. Also, mobile messaging and caller voice tunes are found
to be significant in health care services awareness [30].
However, the interpretation and usage of social media tools are
still scarce [31]. For this reason, it is imperative to investigate
the social media usefulness among health care professionals in
Pakistan and to identify whether these health care professionals
support the use of social media for health awareness and
education.

Theoretical Foundation
A few theories explain the behaviors toward acceptance of any
new digitalized tool and address their attitude [32], including
the innovation diffusion theory proposed by Rogers in 1962,
the Theory of Reasoned Action proposed by Fishbein and Ajzen
in 1967, the Self-Efficacy Theory proposed by Bandura in 1977,
the Theory of Planned Behavior proposed by Ajzen in 1985,
the Social Cognitive Theory proposed by Bandura in 1986, and
the Technology Acceptance Model proposed by Davis in 1986
[32]. Among these various behavioral theories, the Innovation
Diffusion Theory (IDT) offers a framework for understanding
how new ideas, behaviors, or innovations spread within a
population [33].

In public health, innovation diffusion theory helps explain how
new health interventions, practices, or policies are adopted and
disseminated within communities [33]. The theory identifies 5
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stages individuals and communities pass when adopting an
innovation: knowledge, persuasion, decision, implementation,
and confirmation [34]. Figure 1 explains these five stages of
the innovation-decision process.

To understand social media acceptance for health awareness
and education, the theory has categorized individuals within a

population into subgroups based on their readiness to adopt
innovations. Innovators and early adopters are likely to adopt
innovations early, while most of the population follows suit
over time. Laggards are the last to adopt [33]. Figure 2 explains
these subgroups of individuals.

Figure 1. Innovation diffusion process.

Figure 2. Adopter categories.

In health care education and awareness, the diffusion of
innovation is used to fast-track the acceptance of crucial public
health digitalized interventions that ordinarily intend to influence
the behavior of a social system [34]. Thus, this theory provides
the foundation for understanding social media usage and its
adoption attitude in a particular community.

In Pakistan, the ineffective innovation management approaches
and deprived diffusion of innovation strategies are hurdles to
realizing the importance of social media and its usage for health
care education [24,25]. The deprived diffusion of innovation is
a significant factor in the inability to attain the desired output.

Even for digitalized hospital tools other than social media, the
country needs more innovative and user-friendly equipment in
the hospital sector [25]. The notion of consistent health care
challenges and inadequate health resources in Pakistan is also
evident from the recent Joint External Evaluation report [24].

For this reason, it is imperative to investigate the impact of
social media’s effective use on health awareness and health care
education in Pakistan using IDT. This may result in highlighting
and understanding the effectiveness of social media tools in
reducing the disease burden in the country.

Figure 3 explains the theoretical framework of the current study.
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Figure 3. Conceptual framework of the study.

Hence, the current study hypotheses are:

1. Hypothesis 1 (H1): social media usefulness positively and
significantly impacts health awareness in Pakistan.

2. Hypothesis 2 (H2): health awareness has a significant
positive impact on health care education in Pakistan.

Methods

Instrument Development
A quantitative technique was applied to test the study hypothesis
and validate the proposed model using the structural equation
modeling (SEM) technique [35]. SEM is deemed the most
suitable due to its ability to simultaneously test complex
relationships among multiple variables and validate the proposed
conceptual model. Data analysis was carried out using AMOS
26.0 software (IBM Corp) [36]. Since the study aims to identify
social media’s impact on health awareness leading to health
care education and uses the IDT as a theoretical foundation,
scales from previous literature have been adopted. The main
advantage of adopting these scales is that they have already
been validated in the health industry’s acceptance behavior of
new technological tools. For instance, the measurement scale
for Innovative Technology (social media) usefulness was
adopted from a previous study [37], and measurement scales
for health awareness have been adopted from another study
[38]. Aligning with the psychometric literature, 4-item scales
for each construct based on their higher loadings have been
adopted [37]. The modified 8-item scale for measuring health
care education was adopted based on the questionnaire of Ho
et al [39]. For the measurement of each item, a 7-point Likert
scale ranging from 1 (strongly disagree) to 7 (strongly agree)
was used [38].

Data Collection
A questionnaire was designed based on the variables of the
present study, utilizing the aforementioned scales, which are
provided in Multimedia Appendix 1. A personally administered
questionnaire was used for data collection [32]. For data
collection, the current research to eliminate targeted health care
professionals and paramedic staff of 2 private hospitals in

Lahore, Pakistan. The questionnaire was distributed to more
than 450 health care professionals and paramedic staff using
convenience sampling and requested their valuable feedback.
However, only 389 useful responses were received.

Ethical Considerations
As a matter of ethical concerns, prior permission from the
hospital management was obtained, and the purpose of the study
was explained to all respondents through “informed consent.”
It was assured that respondents’ privacy would be ensured
through confidentiality. Ethical approval was not required for
this study as it did not involve identifiable personal data, or
interventions falling under the scope of institutional or national
ethics review requirements. In accordance with the Declaration
of Helsinki (World Medical Association, 2013) research ethics
policy, studies that do not involve sensitive data are exempt
from formal ethics board approval.

Results

Primary Data Screening
Initial screening was carried out among 389 useful responses
to eliminate unusual responses, mainly incomplete
questionnaires and respondents who marked similar scores on
all items. Furthermore, questionnaires with more than 4 missing
values were also excluded. The remaining missing values were
replaced with the series mean/average for the rest of the
responses. Therefore, the final useful sample was reduced to
340.

Table 1 provides the demographics of the study respondents.
Among 340 respondents, 58% (197/340) were male, and the
rest were female (143/340, 42%). A total of 91% (309/340) of
the respondents were between 25 and 35 years of age, which
may lead to the fact that most health care professionals and
paramedic staff in private hospitals in Lahore are young.
However, we may be unable to neglect the 6% of the population
under 25 years old and more eager to start their career in the
health care sector. The remaining 3% were more than 35 years
of age and had extensive health industry work experience.
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Table . Sociodemographic characteristics of study respondents (N=340).

Values, n (%)Characteristics

Sex

197 (58)    Male

143 (42)    Female

Age (years)

21 (6)    <25

309 (91)    25-35

10 (3)    >35

Social media experience (years)

34 (10)    <1

207 (61)    2-5

99 (29)    >5

Monthly incomea

101 (30)    Less than PKRb 40,000 (US $142.98)

197 (58)    PKR 40,000-80,000 (US $142.98-US $285.97)

42 (12)    More than 80,000 (US $285.97)

Education

63 (18)    Less than secondary school

259 (76)    Secondary school to graduation

18 (6)    Medical (MBBSc/BDS)d or Masters degree

Health services experience (years)

21 (6)    <3

225 (66)    3-6

94 (28)    >6

aA currency exchange rate of US $1=280 PKR is applicable.
bPKR: Pakistani rupees.
cMBBS: Bachelor of Medicine, Bachelor of Surgery.
dBDS: Bachelor of Dental Surgery.

Data Analysis
An exploratory factor analysis was initially performed on the
16 measurement items to confirm the underlying relationships
[36]. For sample adequacy, the KMO value (0.850) was greater
than the recommended value (0.60), and the significance value
of P0.001 confirmed the Bartlett test of sphericity, as shown in
Table S1 in Multimedia Appendix 2. All those factors were
retained for data analysis, with factor loading greater than 0.50
and Eigenvalue greater than 1.0. Hence, this technique provided
3 factors that explained 72.2% of the variance after varimax
rotation. Furthermore, scale reliability coefficients were greater
than the acceptable value (0.70) [40], and Shapiro-Wilk tests
were conducted to check the data normality [40], as shown in
Table S2 in Multimedia Appendix 2 . The results of both tests
were significant, meaning there was no normality issue in the
data.

For further data analysis, a two-stage structural equation
modeling (SEM) technique was used [36-38]. This approach

allows researchers to evaluate the measurement and structural
models separately using two dissimilar subsamples. For this
reason, a sample of 340 participants was divided into two parts:
a sample of 170 individuals was used for the measurement
model, and a similar sample size was used for the structural
model assessment to attain impartial results.

Reliability and Validity Measures
According to Hair et al [35], finding the reliability of each item
and construct in the research study is essential. Therefore,
squared multiple correlation (SMC) was used to find the
reliability of each reliability item of each measurement item.
SMC represents “the amount of variance explained by an
individual indicator/construct of its respective factor and
measured by the square of its (indicator’s) standardized factor
loading” [40].

Hair [35] indicated that the cutoff value of SMC is 0.30. Hence,
it is evident from Table 2 that all the SMC values are greater
than 0.30. For measuring the reliability of each variable, the

JMIR Hum Factors 2025 | vol. 12 | e65745 | p.813https://humanfactors.jmir.org/2025/1/e65745
(page number not for citation purposes)

Munir & AhmedJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Cronbach alpha value was used. As suggested in the literature,
the cutoff value of Cronbach alpha is 0.70 [36,37]; it is evident
from Table 2 that all variables’ Cronbach alpha values are more
than 0.70. Furthermore, Hair et al [35] also highlighted that for

measuring the convergent validity, there are three common
approaches: (1) standardized factor loading (0.5 or greater), (2)
average variance explained (0.5 or higher), and (3) composite
reliability (0.7 or above).

Table . Measurement of reliability and validity.

Average vari-
ance explained

Cronbach al-
pha

Composite reli-
ability

Squared multi-
ple correlation

Standardized
factor loading

Values, mean (SD)Constructs and item

Social media usefulness (SMU)

0.5890.7740.7880.6070.7815.19 (1.65)    SMU1

0.6870.7805.33 (1.71)    SMU2

0.6710.7775.01 (1.12)    SMU3

0.6460.7875.05 (1.32)    SMU4

Health awareness (HA)

0.5920.7730.7690.6770.8595.45 (1.56)    HA1

0.6810.8745.98 (1.45)    HA2

0.6750.8815.39 (1.43)    HA3

0.6540.8675.51 (1.39)    HA4

Health care education (HED)

0.6780.7890.7830.6510.7195.23 (1.77)    HED1

0.6290.7755.22 (1.74)    HED2

0.6220.7215.60 (1.64)    HED3

0.6370.7395.41 (1.49)    HED4

0.6630.7875.22 (1.15)    HED5

0.6540.7725.11 (1.23)    HED6

0.6910.7595.09 (1.43)    HED7

0.6090.7685.32 (1.59)    HED8

Hence, each standardized factor loading was statistically
significant (P<.001), and values ranged from 0.719 to 0.881,
thus validating adequate convergent validity as shown in Table
2. In addition, the average value explained (AVE) values and
construct reliability were also more than their cut-off level of
0.5 and 0.7, respectively, and were statistically significant.
Therefore, these measures confirm sufficient convergent
validity.

A comparison of shared variance between factors with the
average variance explained by individual factors was ensured
for measuring the discriminant validity. The diagonal value
should be greater than the non-diagonal value to confirm
adequate discriminant validity [40]. Hence, results given in
Table S3 in Multimedia Appendix 2indicates the correlation
matrix of constructs, where non-diagonal elements are correlated
among constructs and diagonal elements are the square root of
average variance explained (AVE) by that construct and clearly
explain that all three constructs differ.

Measurement Model
Using statistical software AMOS 26.0, the measurement model’s
confirmatory factor analysis (CFA) was performed [40,41]. This
provided a passable model fit for the primary measurement
model (CMIN=1220.23; CMIN/DF=1.98; GFI=0.72;

AGFI=0.80; NFI=0.81; CFI=0.826; RMR=0.089;
RMSEA=0.082); however, the number of indicators per item
was large; for instance, the number of indicators for health care
education were 8. Consequently, 2 items were deleted for further
refinement to obtain an adequate model fit through the CFA of
the measurement model. This refinement was conducted by
deleting items one by one, based on their standardized residual;
that is, that item was first deleted, which had a larger error
variance than their measurement items. Each item was carefully
reviewed before deleting it to ensure that, from a theoretical
viewpoint, its error variance also seemed rational. The
refinement and assessment process for every construct was first
evident by Churchill [41]. Churchill defined this process as;
“Though this application may be satisfactory during the early
stages of research on a construct, the use of factor analysis in a
confirmatory fashion would seem better at later stages.”
Furthermore, Gerbing and Anderson’s [42] study also provided
support to Churchill’s argument and stated that; “to demonstrate
that an explicit evaluation of Unidimensionality is accomplished
with a confirmatory factor analysis of the individual measures
as specified by a multiple-indicator measurement model.
Coefficient alpha is important in assessing reliability but does
not assess dimensionality. Although item-total correlations and
exploratory factor analysis can provide useful preliminary
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analyses, particularly in the absence of a sufficiently detailed
theory, they do not directly assess unidimensionality. The reason
is that a confirmatory factor analysis assesses the internal
consistency and external consistency criteria of
unidimensionality implied by the multiple-indicator
measurement model.

Hence, this refinement process provided an adequate model fit

(CMIN=357.62; the ratio of χ2 to degree of freedom value (1.80)
is remarkably less than its recommended value (5.0).
CMIN/DF=1.80; GFI=0.90; AGFI=0.89; NFI=0:915; CFI=0:93;
RMR=0:075; RMSEA=0:055) as shown in Table 3.

Table . Structural equation modeling fit indices for the confirmatory factor analysis model.

Results obtainedCut-off criteriaFit indices

Absolute fit indices

357.62 (170)N/Aa    Chi-square (df)

1.800<5.00    χ2/df (CMIN/DF)

0.055<0.06    Root Mean Square Error of Approximation

0.900>0.85    Goodness of Fit Index

0.890>0.85    Adjusted Goodness of Fit Index

Incremental fit indices

0.915>0.90    Buntler-Bonett Normed Fit Index

0.930>0.93    Comparative Fit Index

0.941>0.90    Tucker Lewis Index

0.932>0.90    Incremental Fit Index

Parsimonious fit indices

0.798>0.50    Parsimony Goodness-Fit Index

0.848>0.50    Parsimony Normed Fit Index

aN/A: not applicable.

Structural Model
The research hypotheses were tested through structural model
estimation [40]. Therefore, a second subsample (n=170) was

used and provided the adequate structural model fit
(CMIN=488.6; CMIN/DF=1.85; GFI=0.861; AGFI=0.893;
NFI=0.987; CFI=0.945; RMR=0:079; RMSEA=0.053) as shown
in Table 4.

Table . Hypothesized structural model fit indices.

Results obtainedCut-off criteriaFit index

Absolute fit indices

488.6 (170)N/Aa    Chi-square (df)

1.850<5.00    χ2/df (CMIN/DF)

0.053<0.06    Root Mean Square Error of Approximation

0.861>0.85    Goodness of Fit Index

0.893>0.85    Adjusted Goodness of Fit Index

Incremental fit indices

0.987>0.90    Buntler-Bonett Normed Fit Index

0.945>0.93    Comparative Fit Index

0.976>0.90    Tucker Lewis Index

0.943>0.90    Incremental Fit Index

Parsimonious fit indices

0.680>0.50    Parsimony Goodness-Fit Index

0.609>0.50    Parsimony Normed Fit Index

aN/A: not applicable.
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Moreover, the significance of the hypothesis is shown in Table
5. Testing of H1 revealed that social media usefulness has a
significant effect on health awareness (H1: β=.669, P<.001),
supporting the IDT proposed by Rogers. Testing of H2 also

supplied similar significant outcomes to the current research
model (H2: β=.557, P<.001), confirming the findins of prior
work.

Table . Hypothesis testing results.

OutcomeP valuePath coefficientHypothesisImpact onImpact ofS.no.

Significant impact.0010.669dH1cHAbSMUa1

Significant impact.0010.557dH2fHEDeHA2

aSMU: social media usefulness.
bHA: health awareness.
cH1: hypothesis 1.
dP<.001.
eHED: health care education.
fH2: hypothesis 2.

Discussion

Principal Findings
This study examined the impact of social media on health
awareness and its role in health care education, using IDT as
the theoretical framework in Pakistan. A conceptual model was
developed to assess the mediating effect of health awareness
on the relationship between social media usage and health care
education. The hypothesis testing results demonstrated
significant relationships, with social media positively influencing
health awareness (H1: path coefficient=0.669, P<.001) and
health awareness positively impacting health care education
(H2: path coefficient=0.557, P<.001). These findings highlight
the potential of social media as an effective tool for promoting
health care education when strategically leveraged by health
care stakeholders.

The study also revealed that younger and more educated health
staff are more inclined to use social media, while older groups,
though recognizing its usefulness, engage less actively. This
demographic insight underlines the need for tailored engagement
strategies to maximize participation. Limited research in
developing countries, including Pakistan, has tested the
application of IDT to health care professionals’ adoption of
social media for health care education. The standardized direct
effects from hypothesis testing affirm the significant relationship
between social media usefulness, health awareness, and health
care education in the Pakistani context.

Given that developing countries are often classified as late
adopters of technology, according to IDT, the findings
emphasize the importance of region-specific social media
content on platforms, such as Facebook, WhatsApp, or locally
developed alternatives, for health care interventions. IDT further
suggests that simplifying innovations can facilitate broader
adoption, making it easier for health care professionals and the
general population to engage with digital health initiatives.
These insights highlight the need for cost-effective, user-centric
solutions to enhance healthcare outcomes in Pakistan.

The government of Pakistan can also play a significant role in
spreading health awareness. They can use social media to run

campaigns on maternal health, child nutrition, and disease
prevention. The health care professionals in private hospitals
also indicated that live sessions and webinars on platforms like
Facebook Live and Instagram Live to educate the patients and
hospital staff on various health issues and answer their real-time
questions have been very useful.

Using social media for health care education in Pakistan could
be a game-changer, surpassing the expectations of spreading
awareness regarding health needs in a particular community.
This potential is not just theoretical; it has been proven in
developed countries, such as the US, Jordan, the United
Kingdom, and Europe, where social media was used during the
COVID-19 pandemic to combat the pandemic and other notable
diseases [15]. Moreover, social media platforms have been used
to promote telemedicine services, enabling health care
professionals to connect with patients remotely for consultations,
follow-ups, and monitoring of chronic conditions [16,30].

Overall, this study validates the use of social media to improve
public health care education through public awareness.
Therefore, the study concludes that health care professionals
should use social media tools to inform the wider public and
address healthcare issues in Pakistan.

Conclusion
The findings of this study underscore the significant role that
social media plays in enhancing health care awareness and
education among various populations in developing countries
like Pakistan. With their wide reach and interactive features,
social media platforms have proven to be effective tools for
disseminating health-related information and engaging
individuals in meaningful health conversations. Social media
breaks down geographical barriers, allowing health information
to reach a global audience instantly. This broadens the scope
of health care awareness campaigns and makes information
accessible to a diverse demographic, including those in remote
or underserved areas. The interactive nature of social media
facilitates active engagement between health care providers and
the public. This interaction fosters a sense of community,
encourages the sharing of personal health experiences, and
allows for immediate feedback and clarification of health
information. Also, social media platforms enable the
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dissemination of personalized health information tailored to
specific audiences’ needs. Moreover, the real-time nature of
these platforms ensures that information is up to date, which is
crucial during health emergencies or outbreaks.

Health care education through social media can help understand
how to prevent common diseases such as malaria, tuberculosis,
hepatitis, and polio through vaccination, sanitation, and hygiene
in Pakistan. Awareness campaigns can encourage healthier
lifestyles, reducing the incidence of chronic diseases such as
diabetes, hypertension, and heart disease. Educating women
about prenatal and postnatal care, safe delivery practices, and
child nutrition can significantly lower maternal and infant
mortality rates. Awareness through social media about proper
nutrition, immunization, and hygiene practices helps improve
children’s health and development in the rural outskirts of
Pakistan. Also, awareness about communicable diseases and
their transmission can help in preventing outbreaks of diseases
like HIV/AIDS, tuberculosis, and waterborne illnesses.

Governmental policies provide a framework for regulating the
content shared on social media, ensuring that the information
disseminated is accurate, reliable, and in line with public health
guidelines. Information shared by government-endorsed social
media accounts is more likely to be trusted by the public.
Official policies lend credibility and legitimacy to health
messages, increasing the likelihood of public acceptance and
compliance. All active organizations (govt and private) working
in the health industry of Pakistan seek prior permission or ethical
clearance to initiate any new work. Without government support,
the organizations lack the confidence to spread and advertise
any health-related content due to fear that they may be subject
to local resistance.

Despite its benefits, the use of social media in health care
awareness also presents challenges, such as the spread of

misinformation and the need for privacy and data protection.
Health care organizations must implement strategies to verify
information and ensure the credibility of the content shared.
Hence, the study suggests that Pakistan’s health care
organizations should continue leveraging social media to
enhance health communication strategies and education.
Ongoing research is also needed to explore new ways to
maximize social media’s benefits while mitigating its risks.

In conclusion, social media is a powerful tool for health care
awareness, offering unprecedented opportunities to reach and
engage with a wide audience. By harnessing its potential in
developing economies, health care organizations can improve
public health literacy, promote healthy behaviors, and ultimately
contribute to better health outcomes. Collaborative efforts
between health care professionals, social media platforms, and
policymakers will be crucial in leveraging social media’s full
potential for public health advancement.

Future Research
Future research should move beyond compliance with existing
social media policies to explore strategies and variables that
demonstrate tangible improvements in the health care sector.
This could include investigating how social media can influence
enhanced patient outcomes through better communication and
engagement, broaden health awareness campaigns by targeting
diverse and underserved populations, and improve access to
health care services through innovative digital solutions.
Additionally, longitudinal studies examining the long-term
impact of social media interventions on public health indicators
would provide valuable insights. Identifying and analyzing these
variables will contribute to a more comprehensive understanding
of social media’s transformative potential in health care beyond
mere policy adherence.
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Abstract

Background: Telemedicine represents an essential tool with the potential to reduce health costs, thus avoiding patient displacement
and improving patient care outcomes, positioning it as a significant social technology.

Objective: This study aims to analyze the implementation of a telehealth cabin at BP Hospital (A Beneficência Portuguesa de
São Paulo), focusing on the evaluation of the experiences of both patients and health care professionals, as well as the acceptability
of this tool.

Methods: A mixed methods study was conducted with 229 participants, divided into 2 phases. The first phase involved 40
apparently healthy individuals to assess the usability, experience, and satisfaction of this group for the later safe application in
the group with clinical complaints. The second phase included 189 participants, with complaints to assess the usability, experience,
and satisfaction of patients and doctors. In both phases, participants completed screening questionnaires (to assess the eligibility
criteria), a socioeconomic demographic questionnaire before using the cabin, and a questionnaire including the System Usability
Scale and the Net Promoter Score (NPS) after using the cabin.

Results: The data analysis of the first phase showed high acceptance of the telehealth cabin, which supported the progression
to the second phase. In the second phase, a high usability score was observed among participants with clinical complaints (mean
System Usability Scale score of 85.97, SD 15.50) and a high favorability rating (NPS score of 9.4). Health care professionals
also reported favorable results, with a usability score of 67.8 and an NPS of 8.0.

Conclusions: The results of this study reinforce the potential for scaling up this practice based on usability outcomes, and
highlight its relevance for the development of public policies aimed at expanding access to quality health care in Brazil. This
approach improves the interaction of patients with the health care system, while providing professionals with an extended view
of clinical conditions through integrated devices, particularly in areas with limited access to medical care.

(JMIR Hum Factors 2025;12:e55430)   doi:10.2196/55430

KEYWORDS

telemedicine cabin; telehealth; teleservice; e-health; connected offices

Introduction

Health is a fundamental right of the population and must be
guaranteed to everyone. It is even included in the Universal
Declaration of Human Rights of 1948, in Article 25, which
defines that everyone has the right to a standard of living that
ensures health, well-being, and health care [1]. Although access
to health is often presented as a goal in the health policy, there
are several challenges to ensure that right into the Brazilian
reality, such as inequalities related to the access and use of
health services, discontinuities in the geographical distribution

of services, especially of medium and high complexity, in
addition to the articulation between health systems of several
care levels [2,3].

Among the various proposals developed to improve health care
at the national level, the use of technological and
telecommunication resources for the exchange of information
across different levels of health care, between health
professionals, and between doctors and patients, has gained
prominence.
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According to the Ministry of Health, telehealth uses information
and communication technologies to promote the expansion and
improvement of medical services. Telemedicine is included in
telehealth, related only to remote care through technology.
According to the World Health Organization, telemedicine is
defined as the “delivery of health services where distance to
health professionals is a critical factor, through the use of
information and communication technologies to the exchange
of valid information for the diagnosis, treatment, and prevention
of disease and injuries, research and assessment, and to the
continuing education of the providers of healthcare and
patients.”

Telehealth has been used in Brazil since the 1990s, emerging
in a decentralized and fragmented way in the health sites [4].
Telemedicine has the potential to reduce health costs, avoid
patient displacement, and even improve patient care outcomes
[5-7]. Although many studies are being published, especially
as a consequence of the COVID-19 pandemic, the
implementation of telemedicine can still be challenging, mainly
due to technological barriers and poor computer knowledge,
and even due to resisting change and the patient’s education
level [8]. Despite the increasing interest in telehealth, a
significant part of the research focuses on the technological
aspects rather than on the tool’s adoption and acceptance.

One of the limitations of telemedicine is the lack of possibility
to monitor the patient throughout medical care, and some
telemedicine platform initiatives have been developed for this
purpose. However, today, they provide more complete solutions
through a digital health ecosystem, which offers medical
instruments to be used by the patient, such as a temperature
sensor, stethoscope, dermatoscope, oximeter, otoscope,
sphygmomanometer, scale, and height sensor. These new
functionalities aim to create resources that can improve even
more access and affect the quality of life by bringing doctors
and patients closer together.

This research aimed to assess the human aspects of the
experience and usability when using telehealth cabins with
built-in medical devices, thus expanding the diagnostic and
interventional capacity of health professionals in clinical,
diagnostic, and interventional capacity practice in its remote
format.

To this end, the socioeconomic and demographic profile of the
population, the experience and usability of the population in
the cabin, the doctor’s experience in providing care through
telehealth cabins, and compliance in handling the equipment
available in the self-examination cabin were evaluated.

Methods

Recruitment
This is a mixed methods study using (1) the System Usability
Scale (SUS), (2) the Net Promoter Score (NPS), and (3) a
thematic analysis based on participant’ perceptions. The aim
was to assess the usability and favorability of health care
provided in a connected cabin for symptomatic and
asymptomatic employees of the BP Hospital (Beneficência
Portuguesa de São Paulo).

Ethical Considerations
Ethics approval (CAAE: 58070622.9.0000.5483) for this study
was provided by the institutional review board of the BP
Hospital (Beneficência Portuguesa de São Paulo) on January
31, 2023. All eligible patients signed an informed consent form
for this research protocol.

The data was collected on the RedCap platform, which has
access control to ensure the security of the data collected in the
research. In addition, all data was anonymized to ensure the
privacy of the participants.

Sample Size
The Binomial test was used to calculate the sample size for both
parts of the study. For the sampling of asymptomatic individuals
(phase 1), an 80% test power was stipulated, a 70% acceptance
rate of the cabin under the null hypothesis, and a 90% expected
in the sampling rate were specified, resulting in 41 asymptomatic
patients.

For the sampling of symptomatic individuals (phase 2), we
opted for a conservative scenario. Thus, we set a power of 90%,
an acceptance rate of 80% under a null hypothesis, and a 90%
expected proportion in the sampling, resulting in 169 patients.
Anticipating the possibility of a 12% sample loss, the researchers
decided to increase the sampling to 190 symptomatic patients.

Inclusion and Exclusion Criteria

Phase 1: Asymptomatic Patients
The study’s first phase involved 40 apparently healthy
individuals with no clinical complaints or decompensated
chronic diseases (exclusion criteria for the first phase) to assess
the safety and usability of the cabin.

During this phase, all hospital staff received an email with
information about the study, inviting asymptomatic individuals
to participate. Interested individuals could schedule an
appointment by phone to use the cabin.

Phase 2: Symptomatic Patients
The second phase included 189 individuals who could be with
clinical complaints but did not meet the exclusion criteria, which
were: inability to understand and answer the screening
questionnaire; patients with signs and clinical symptoms
indicating the need for urgent medical care, such as cardiac
arrest, shock of any origin, reduced level of consciousness, focal
neurological signs, epileptic seizure, chest pain, deep wound,
and heavy bleeding.

During this phase, individuals who sought medical care at the
institution’s employee health center and who met the inclusion
criteria were invited to participate. Those who agreed to
participate were enrolled in the study.

Telemedicine Cabin
The telemedicine cabin Diagnostica, manufactured in Argentina,
was used. It is made of plastic and fiberglass and measures
250×150×230cm dimensions. It has a forced air ventilation and
filtering system, environmental lighting with intensity and color
control, and an audio and video system for videoconferences
(Figure 1).
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Figure 1. Telemedicine cabin at the location of the research project.

The participant used his cell phone or the device available in
the cabin to receive care and to interact with the person through
the app developed for Android and IOS. The patient was
accommodated in the cabin and selected the self-examination
devices according to their needs.

The following devices were available in the cabin: an otoscope,
a digital dermatoscope, and a high-definition camera, all
manufactured by Firefly Global in 2021; a stethoscope Riester
manufactured in 2021; and an oxyhemoglobin saturation monitor
(oximeter), an electrocardiography, a heart rate and temperature
monitor, and a sphygmomanometer, models PM6100, all
manufactured by Berry, 2021. The patient was instructed to use
the app on his cell phone, and the light signals in the cabin were
added to a video display to operate the devices for the
self-examination.

The cabin recorded the measurements taken by the available
devices. The patient had the option, at their discretion, to join
the medical consultation at any time during the use of the cabin,
even if he did not use the devices. During the synchronous
service, the doctor could request that the patient use any of the
medical devices to obtain additional clinical information.

Doctors were recruited through direct invitations sent to
professionals associated with the hospital. Selection criteria
included previous experience with similar technologies and
availability to participate in all stages of the study.

Data between the patient and the doctor was transmitted via the
Doc24 telehealth platform, implanted in the data processing
centers, and connected to the internal service network.

JMIR Hum Factors 2025 | vol. 12 | e55430 | p.823https://humanfactors.jmir.org/2025/1/e55430
(page number not for citation purposes)

de França et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Study Procedure
Before starting the service, a nursing technician applied the
informed consent form. After the participant’s agreement, a
screening questionnaire focusing on the inclusion and exclusion
criteria and a questionnaire to collect demographic and
socioeconomic data before using the cabin were administered.
Individuals who met the exclusion criteria or had acute
alterations requiring face-to-face assessment were sent to the
Employee Health Center for immediate medical care.

The cabin was equipped with a Wi-Fi network and the patient
should download an app to access the cabin and the interface
(application) which was customized for the project.

During the appointment, the patient, seated in the cabin, can
choose between selecting devices for self-examination or opting
for a consultation with a doctor. At the patient’s discretion, they
have the option to join the medical consultation at any time
during the use of the cabin, even without having used the
devices.

If the participant chooses to attend a medical consultation during
the service, the doctor may ask the patient to use some of the
equipment to collect clinical information, or to reuse some of
the equipment due to observing poor quality results initially
measured by the patient.

Equipment-assisted measurements were available for medical
assessment, if required, or later, in the outpatient treatment.

At the end of the service, the research participant was invited
to answer the usability questionnaires translated and validated
including the SUS, which is a method to measure the usability
of several products and services through 10 questions answered
on a scale of 1 to 5, where 1 is total disagreement and 5 is total
agreement [9], and the NPS, which aims to analyze the patient’s
experience and satisfaction [10].

After assigning the NPS score, participants were asked to
explain their ratings. Inductive thematic analysis was used to
identify a rating [11]. Two authors carefully read each response
individually and grouped the responses. Any disagreement was
discussed with the first author, and then the response was labeled
into 6 categories: “service,” “usability,” “difficulty of use,”
“innovation,” “technology resistance,” and “unspecific.” The
final step was to group the responses into potential themes.

In order to check the usability of health professionals, the
participating doctors also completed the same questionnaires
at the end of the daily sessions.

Statistical Analysis
Study data were collected and managed by an electronic data
capture tool, REDCap (Research Electronic Data Capture), and
hosted on the BP server [12,13]. REDCap is a secure software
web-based platform designed to support data collection for
research studies, providing (1) an intuitive interface for the

validated data collection, (2) audit trails to track data
manipulation and export procedures, (3) automated export
procedures for further data downloads to standard statistical
packages, and (4) procedures for data integration and
interoperability with external sources. Once collected, data were
described considering the mean and SD for the numerical
variables and the absolute and relative frequencies to the
categorical variables. SUS scores were interpreted using the
Sauro and Lewis Curved Grading Scale [14].

Patients were classified into 2 groups according to the SUS
scale score “Acceptable usability” (SUS ≥68) and “Usability
issues” (SUS <68), and the percentage of patients was compared
with 70% (for the Symptomatic sample), and 80% (for the
Symptomatic sample) by the Binomial test. The cut-off point
of 68 was selected because, despite variability in acceptability,
this is the threshold at which the technology is considered to
have acceptable usability.

The chi-square test or Fisher exact test was used to compare the
groups’ qualitative characteristics, and the Mann-Whitney Test
was used for the numeric characteristics. The significance level
of 0.05 was used throughout the study, and the analyses were
performed using SPSS software (version 25; IBM corporation).
Graphs were generated using R (version 4.3.2; R studio Team)
software and the ggplot2 package.

Results

Overview
The study was divided into 2 phases: the first occurred from
March 6, 2023, to March 16, 2023, and 40 asymptomatic
patients were included. The second occurred from March 17,
2023, to June 1, 2023, and 189 symptomatic patients were
included.

Assessment of Asymptomatic Patients
The demographic distribution of the asymptomatic patients is
shown in Table 1. Most were female, White, married,
university-educated, and of higher socioeconomic status.

Concerning the use of the cabin, most of the patients requested
support to use the cabin at some point during use. Only 3
patients described the reasons for requesting assistance as
difficulties in using the equipment. The appointment had a
duration between 10 and 52 minutes.

Upon assessing the satisfaction (Figure 2), we observed that the
SUS had a mean value corresponding to Grading A+ (Table 2).
When defining the cut-off point for SUS, we identified that only
5 (12.5%) patients had a score of <68 points, whereas 35
(87.5%) had a score of ≥68 points. Thus, the acceptability of
87.5% was statistically different from 70% (P=.009) and had a
95% CI 75.5%-100%, justifying the acceptability of the
asymptomatic sample and allowing the study to proceed with
the sampling of symptomatic patients.
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Table . Distribution of demographic variables for the sampling of asymptomatic patients.

Values (N=40)

Sex, n (%)

15 (38)    Male

25 (63)    Female

Ethnicity and race, n (%)

2 (5)    Asian

24 (60)    White

8 (20)    Mixed

6 (15)    Black

Education, n (%)

6 (15)    High school

34 (85)    College

Marital status, n (%)

15 (38)    Single

24 (60)    Married, common-law marriage, or partnered

1 (3)    Judicially separated or divorced

Monthly household income, n (%)

8 (20)    Up to 3 minimum wages

6 (15)    4‐6 minimum wages

13 (33)    7‐11 minimum wages

13 (33)    Above 11 minimum wages

Care function, n (%)

36 (90)    No

4 (10)    Yes

Has the patient requested support to use the cabin
outside the previously set times?, n (%)

31 (78)    No

9 (23)    Yes

At what point did the patient request medical
advice?, n (%)

24 (60)    Medical advice requested after the tests

7 (18)    Medical advice requested at the beginning;
tests performed upon medical orientation

9 (23)    Did not request medical orientation

37.9 (10.9)Age (years), mean (SD)

27.0 (10.5)Appointment duration (minutes), mean (SD)

9.6 (0.7)NPSa, mean (SD)

84.9 (13.0)SUSb, mean (SD)

aNPS: Net Promoter Score.
bSUS: System Usability Scale.
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Figure 2. Distribution for asymptomatic patients for the variables: (A) “How likely is it that you would recommend it to a friend or colleague.” (B)
Final SUS Score upon graduation using the Curved Grading Scale. NPS: Net Promoter Score; SUS: System Usability Scale.
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Table . Distribution of patients by Curved Grading Scale grades of asymptomatic and symptomatic groups.

Symptomatic (n=189), n (%)Asymptomatic (n=40), n (%)GradingSUS score range

128 (68.1)26 (65)A+84.1‐100

8 (4.3)3 (7.5)A80.8‐84.0

3 (1.6)1 (2.5)A−78.9‐80.7

11 (5.9)1 (2.5)B+77.2‐78.8

8 (4.3)2 (5)B74.1‐77.1

0 (0)0 (0)B−72.6‐74.0

2 (1.1)1 (2.5)C+71.1‐72.5

11 (5.9)3 (7.5)C65.0‐71.0

0 (0)0 (0)C−62.7‐64.9

6 (3.2)2 (5)D51.7‐62.6

11 (5.9)1 (2.5)F0.0‐51.6

Assessment of Symptomatic Patients
The demographic distribution of the symptomatic patients is
shown in Table 2. Most were female, white, single, had a college
degree, had a household income up to 3 minimum wages, did
not perform care functions, and had a mean age was 35.1 years.

Only 5 (2.7%) patients requested support to use the cabin outside
the previously established times. The 3 reasons described for
requesting support were inconsistencies in performing the cabin
and difficulties in using the instruments (otoscope and oximeter)
available in the cabin.

The most of participants requested medical orientation and
performed the measurement under medical orientation. The
duration of the appointment ranged from 2 to 58 minutes.
Regarding satisfaction (Figure 3), the variable SUS mean
corresponds to Grading A+ (Table 2). When assessing the
participants’ score in relation to the cut-off point of the SUS
scale, we found that only 21 (11.1%) patients had scored <68
points, while 167 (88.8%) had scored ≥68 points. Thus, 88.8%
acceptability was statistically different from 80% (P=.001) and
had a 95% CI 84.3%-100%.

The 21 patients with a score of 68 or less on the SUS were
considered in the group “Usability issues” at the cabin. Eleven
(52.4%) were female, 13 (61.9%) self-declared White, 11
(52.4%) had a college degree, 13 (61.9%) were single, 5 (45.5%)
were married, 7 (63.6%) earned up to 3 minimum wages, 8
(72.7%) did not carry out welfare activities, and had a mean
age of 32.64 years (SD 8.43).

Regarding the use of the cabin by these participants, none of
them required assistance from the nursing technician, 8 (38.1%)
participants requested medical instruction to perform the tests,
7 (33.3%) participants requested medical orientation and made
the tests under medical orientation, while 6 (28.6%) participants
did not request medical orientation.

The mean appointment duration was 20.38 (SD 10.29) minutes,
ranging from 6 to 40 minutes. When comparing the
characteristics of patients with SUS ≥68 related to SUS <68,
all of them were not statistically significant (attaining a value
equal to or higher than P=.05) (Table 3), meaning that we did
not identify characteristics that could have influenced the
difference in the SUS score.
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Figure 3. Distribution for asymptomatic patients for the variables: (A) “How likely is it that you would recommend it to a friend or colleague.” (B)
Final SUS Score upon graduation using the Curved Grading Scale. NPS: Net Promoter Score; SUS: System Usability Scale.
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Table . Distribution of the variables for sampling symptomatic patients and comparison System Usability Scale (SUS) <68 versus ≥68.

P valueSUSaPatient’s number

≥68<68

.05bSex, n (%)

45 (26.9)10 (47.6)55 (29.1)Male

122 (73.1)11 (52.4)134 (70.9)Female

.99cEthnicity and race, n (%)

3 (1.8)0 (0)3 (1.6)Asian

100 (59.9)13 (61.9)113 (59.8)White

38 (22.8)5 (23.8)44 (23.3)Mixed

26 (15.6)3 (14.3)29 (15.3)Black

.62cEducation, n (%)

5 (3)1 (4.8)6 (3.2)Elementary school

81 (48.5)9 (42.9)91 (48.1)High school

81 (48.5)11 (52.4)92 (48.7)College

.32cMarital status, n (%)

80 (47.9)13 (61.9)93 (49.2)Single

77 (46.1)6 (28.6)84 (44.4)Married, common-law
marriage, or partnered

2 (1.2)0 (0)2 (1.1)Widowed

8 (4.8)2 (9.5)10 (5.3)Judicially separated or
divorced

.88cMonthly household income, n (%)

82 (49.1)12 (57.1)95 (50.3)Up to 3 minimum
wages

54 (32.3)5 (23.8)59 (31.2)4‐6 minimum wages

20 (12)3 (14.3)23 (12.2)7‐11 minimum wages

11 (6.6)1 (4.8)12 (6.3)Above 11 minimum
wages

.59cCare function, n (%)

129 (77.2)15 (71.4)145 (76.7)No

38 (22.8)6 (28.6)44 (23.3)Yes

.99cHas the patient requested support to use the cabin outside the previously set timesa?, n (%)

161 (97)21 (100)184 (97.3)No

5 (3)0 (0)5 (2.7)Yes

.39bAt what point did the patient request medical advice?, n (%)

59 (35.3)8 (38.1)68 (36)Medical advice request-
ed after the tests

78 (46.7)7 (33.3)85 (45)Medical advice request-
ed at the beginning;
tests performed upon
medical orientation

30 (18)6 (28.6)36 (19)Did not request medi-
cal orientation

.9335.2 (11.0)35.0 (10.2)35.1 (10.9)Age (years), mean (SD)

.5822.0 (12.0)20.4 (10.3)21.8 (11.8)Appointment duration (minutes), mean (SD)
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P valueSUSaPatient’s number

≥68<68

<.019.6 (0.8)7.7 (2.5)9.4 (1.3)NPSd, mean (SD)

<.0190.3 (9.1)51.2 (11.5)86.0 (15.5)SUS, mean (SD)

aThere was 1 missing value for the variable “SUS” and 1 missing value for the variable “Has the patient requested support to use the cabin outside the
previously set times?”.
bChi-square test.
cFisher exact test.
dNPS: Net Promoter Score.

Regarding the reasons for their ratings, only 3 participants chose
not to answer this question. After careful reading of each
response by 2 researchers, the answers were grouped according
to the following categories:

• Service: assessment of the interaction between the cabin’s
professionals and the patient, considering the attention to
the needs, clarification of doubts, and resolution of
problems. Examples: (1) “Doctor’s attention and
understanding of my problem”; (2) “The speed and attention
of the professionals who cared for me”; and (3) “Spectacular
service. All my questions were answered. I thought it was
excellent.”

• Usability: an assessment of the ease of use of both the
interface and the equipment. Examples: (1) “The experience
was excellent; I enjoyed doing the tests myself and talking
to the doctor about them”; (2) “Super practical, efficient,
easy to use the equipment to diagnose, and talk to the doctor
afterwards. Loved it!”; and (3) “I found it practical,
accessible, and easy to use.”

• Difficulty of use: difficulty in using equipment and tools
to locate and understand the functions. Examples: (1)
“Difficulty in accurately showing images and pain sites to
the professional and the client’s lack of affinity with the
equipment can make it difficult to reach a diagnosis”; (2)

“Some people may have difficulty with technology”; and
(3) “Conflicting instructions between the cell phone and
the screen at the self-diagnosis.”

• Innovation: considerations about new products and
technologies that can be aggregated to a business or project
to bring about improvements. Examples: (1) “Great
technology”; (2) “Very advanced technology”; and (3) “For
being an innovative, versatile, and practical project.”

• Technology Resistance: resistance to technological change.
Example: “In no way does it replace the personal contact
with the doctor, as there is no way of knowing for sure what
you are feeling.”

• Nonspecific: answers that were not intended or that did not
belong to a predetermined group or situation, in this case,
to classes of sentences mentioned above. Examples: (1)
“Ok”; (2) “I loved it”; and (3) “Top.”

The distributions of the classifications are shown in Table 4.

Most opinions are classified as related to “Usability.” When
comparing the classes of sentences of those who scored SUS
equal or less than 68 (usability issues) with the remaining
(acceptable usability), we found statistical differences in the
class “Difficult Usability.” In the group “Usability issues,” 5
(27.8%) scored in this class, while 8 (4.8%) scored in the group
“Acceptable usability.”
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Table . Distribution of the classes of sentences.

P valueSystem Usability Scale (SUS), n (%)Patient’s number, n (%)

≥68<68

.06aService

92 (55.1)14 (77.8)106 (57)    No

75 (44.9)4 (22.2)80 (43)    Yes

.23aUsability

77 (46.1)11 (61.1)89 (47.8)    No

90 (53.9)7 (38.9)97 (52.2)    Yes

<.01bDifficulty of use

159 (95.2)13 (72.2)173 (93)    No

8 (4.8)5 (27.8)13 (7)    Yes

.99bInnovation

157 (94)17 (94.4)175 (94.1)    No

10 (6)1 (5.6)11 (5.9)    Yes

.10bTechnological resistance

167 (100)17 (94.4)185 (99.5)    No

0 (0)1 (5.6)1 (0.5)    Yes

.17bNonspecific

143 (85.6)13 (72.2)157 (84.4)    No

24 (14.4)5 (27.8)29 (15.6)    Yes

aChi-square test.
bFisher exact test.

Medical Assessment
At the end of the day’s work, the doctor performing the
appointments was oriented to answer the NPS and SUS,
evaluating his or her day’s work. The assessment was performed
by 2 doctors, reducing the variability of the influence of the
medical service on usability; 89% of the services were
performed by one of the doctors, and 11% were performed by
the other. The distribution of the NPS and SUS is shown in
Table 5.

The main difficulties were related to technical difficulties, such
as software updates and network connection problems, besides
difficulties in adjusting the cabin’s technology (problems with
the sensors for measuring the weight and height; problems with
the image or screen in the cabin).

Figures 4 and 5 show the evolution of the allocation of medical
grades over time.

Table . Distribution of the Net Promoter Score (NPS) and System Usability Scale (SUS) values answered by the doctor at the end of each day of service.

Maxd3oQcMedium1oQbMina95% CIMean (SD)Patient’s
number (N)

10.09.08.07.05.07.6-8.48.0 (1.4)41NPS

95.072.565.057.545.063.5-72.167.8 (13.6)41SUS

aMin: minimum.
b1oQ: first quartile.
c3oQ: third quartile.
dMax: maximum.
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Figure 4. Evolution of the NPS answered by the doctor at the end of each day of service. NPS: Net Promoter Score.

Figure 5. Evolution of the SUS score answered by the doctor at the end of each day of service. SUS: System Usability Scale.

Discussion

Principal Findings
The assessment of the implementation of the telehealth cabin
in this study aimed to observe the level of favorability and
usability of users (doctors and patients) to the cabin and the
self-examination devices available, added to their experience
of remote service through the technologies available.

The analysis of the results showed that the participants of the
first phase of the research (asymptomatic patients) had a
different socioeconomic profile than those of the second phase
(symptomatic patients), with higher education and monthly
income, probably due to the new technology, which attracted
leaders and directors of the institution to the research. Although
this group was only used to assess the acceptability of both the

cabin and the self-examination devices in order to continue the
study with symptomatic patients, the outcomes of the
favorability and usability were similar between the groups.

Therefore, despite the disparity in access to technology among
populations of different economic levels, such a result suggests
that the telehealth cabin may have broad applicability for several
publics due to the increasing availability and use of mobile
devices among the whole population, thus promoting health the
equity and reducing social inequalities.

A study with similar equipment performed with French students
also concluded that the personal relationship with the technology
did not influence the intended use of the telemedicine cabin
[15].
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A significant portion of the participants did not work in the
hospital care sector and therefore did not routinely use the
self-examination devices, suggesting that lack of familiarity
with the use of the self-examination devices may not impact
the use of the cabin. However, this study was performed with
professionals working in a hospital, which may bring a certain
level of familiarity with those devices, even for those not directly
working in the care sector.

Still, we observed that more than half of the patients requested
an interview with the doctor, either before or after
self-examination, indicating the relevant role of the doctor in
such a kind of service.

High favorability and usability were observed for both patient
groups (symptomatic and asymptomatic). No statistically
significant differences were found when comparing the
socioeconomic and cultural profile of those patients with the
group of symptomatic who considered the cabin to have
acceptable usability, which shows that the usability and
favorability of the cabin are unrelated to socioeconomic and
cultural factors. However, concerning comments from this group
show that some aspects were considered positive even in this
group. Furthermore, only one patient described a comment that
could be classified in the category “Resistance to Technology,”
suggesting that most of the population tested is interested in
learning and adopting technologies that improve their routines
and experiences.

The findings of this study support the work by Scott Kruse et
al [8], asserting that the principal barriers to telemedicine are
technology specific. They can be overcome by continuous
improvement of these technologies, adequate training of
technology users, and personal interaction between the patient
and the care provider [8].

Concerning the favorability and usability of doctors who
performed the cabin services cabin, we found that the answer
was also positive, but with a slightly lower level of usability
than that of the patients. This fact seems to agree with other
studies that assert that some health professionals may be
reluctant. However, this resistance may be related to the
difficulty of the technology. Therefore, both the favorability
and usability can improve with the advancement of technology
and the due training of doctors in web-based physical tests
[16,17]. This phenomenon highlights the importance of training
programs as a strategy to improve user experience and expedite
the adoption of this technology.

A limitation of this study is the participation of only individuals
without respiratory symptoms (a consequence of the COVID

pandemic) or without symptoms that could indicate a medical
emergency. Another limiting factor is the poor accessibility of
the cabin for people with disabilities. Furthermore, because the
total sampling included people employed at the hospital, and
so, in the productive age group and predominantly female [18],
along with workers in the day shift, this study may have
introduced a bias in the perception of favorability and usability
of the participants (for instance, older men are less prone to
participate in several telehealth activities [19]).

Finally, we emphasize that the results obtained from health
professionals should also be interpreted with caution due to the
limited number of professionals who provided care for the study.

It should also be noted that no studies using this type of
technology were identified in South America to compare the
results obtained. In addition, the fact that this study was
conducted after the pandemic may have influenced the results
given the impact of the COVID-19 pandemic on people’s lives,
which may have affected perceptions.

Based on the favorable assessment of the technology by the
participants in this study (patients and doctors) new studies that
extend its use to different populations, without any link to the
hospital and from different sectors of activity, different work
shifts, sex, and different age groups, may bring new inputs to
the application of such technology, expanding the service types
and favoring the inclusion of the service in remote locations
and for diverse populations.

Conclusions
The authors conclude that the telehealth cabin had good usability
and favorability by patients, regardless of the socioeconomic
and cultural profile of the population. Doctors who performed
the cabin services attested to the cabin’s good usability cabin
but with a usability index slightly lower than patients. Most
patients used the devices for self-examination, with little need
for technical assistance. However, a SUS score greater than 68
does not necessarily mean that there are no usability issues to
be addressed.

The outcomes of this research allow us to assess as feasible the
expansion of this kind of practice from the point of view of
usability and that this study can contribute as a subsidy to the
construction of public policies to expand the access of the
Brazilian population to qualified medical care, promoting the
engagement of patients in their health, providing health
professionals with an extended view of the clinical conditions
through embedded devices even in areas with a shortage of this
type of assistance.
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Abstract

Background: Transgender and nonbinary (TGNB) individuals are increasingly intentionally becoming pregnant to raise children,
and hospital websites should reflect these trends. For prospective TGNB parents, a hospital website is the only way they can
assess their safety from discrimination while receiving perinatal care. Cisnormativity enforced by communication gaps between
medical institutions and TGNB patients can and has caused delays in receiving urgent care during their pregnancy.

Objective: The aim of this study was to evaluate the current prevalence of gender-inclusive terminology among labor and
delivery services in the New York tristate area.

Methods: The labor and delivery web pages of 189 hospitals from New York, New Jersey, and Connecticut were examined for
gender-inclusive language. “Fully inclusive” websites explicitly acknowledged lesbian, gay, bisexual, transgender, queer, intersex,
and asexual plus other gender- and sexual-oriented (LGBTQIA+) parents, “inclusive” websites did not use gendered terminology
for parents, and “noninclusive” websites used gendered terms at least once in the text reviewed. The hospitals’ web pages were
further stratified by Healthcare Equality Index scores and population classifications defined by the 2013 National Center for
Health Statistics Urban-Rural classification given to the county that each hospital was located in.

Results: Of the 300 hospital websites reviewed, only 189 websites met the criteria for inclusion. Overall, only 6.3% (n=12) of
labor and delivery web pages were “inclusive” or “fully inclusive.” No geographic areas (P=.61) or Healthcare Equality Index
scores (P=.81) were associated with inclusive or fully inclusive language.

Conclusions: Hospitals need to use inclusive language to help TGNB people identify hospitals where their existence and needs
are acknowledged and thus feel more comfortable in their transition to parenthood.

(JMIR Hum Factors 2025;12:e53057)   doi:10.2196/53057

KEYWORDS

OBGYN; transgender; nonbinary; pregnancy; maternity; transmasculine; observational study; gestational; perinatal care;
communication; labor; USA; United States; New York City; sexual orientation; inclusion; parents; obstetrician gynecologist;
delivery

Introduction

Within the last 2 decades, as transgender and nonbinary (TGNB)
people have gained greater legal and social recognition, those
in the TGNB community who want to become pregnant have
become increasingly more common, as have the number of
families with same-sex, transgender, or nonbinary parents [1].
Despite this trend, the field of medicine has mostly maintained
the heteronormative model of a “mother” and “father” as
opposed to a more fluid, freeform reality that accompanies the
rise of lesbian, gay, bisexual, transgender, queer, intersex, and

asexual plus other gender- and sexual-oriented (LGBTQIA+)
couples who raise children.

As pregnant TGNB people attend numerous prenatal visits, they
make repeated contact with heterosexist health care systems
without the ability to hide their transgender status. Pharr [2]
explains that heterosexism is not an active form of
discrimination but rather “a belief that the world is and must be
heterosexual.” According to the heterosexist worldview, every
couple contains—or should contain—only 2 gender-conforming
people of the opposite sex [3].

Heterosexism works with homophobia to make health care
inaccessible for LGBTQIA+ populations. Current literature has
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found that these parents and couples are often invalidated and
marginalized throughout the health care process through
obstacles like registration forms, comments from ancillary staff,
and physicians who are unprepared to deal with LGBTQIA+
couples [4-6]. These experiences can take a deep mental and
emotional toll—doubly so during the sensitive transition to
parenthood [7].

Beyond these mental health impacts, the invisibility of TGNB
parents can negatively affect pregnancy outcomes. LGBTQIA+
patients were less likely to trust providers and divulge important
medical information when they received heteronormative
medical treatment [8,9]. Patients may also experience delays
receiving urgent pregnancy care due to the systematic
heterosexism built into the health care system.

For example, Parker et al [6] discuss the experiences of a
transmasculine patient who was delayed in seeing the doctor
because the receptionist argued that he was not the intended
person. These patterns are not limited to individual heterosexist
health care workers but also integrated into hospital software.
Berger et al [10] describe another scenario where a
transmasculine patient’s care was delayed, this time because
the hospital’s electronic medical record required that he
reregister as female to document the pregnancy, regardless of
his actual gender identity. A delay in care to circumvent
cisnormative systems can be dangerous for all pregnant TGNB
people. Ultimately, discrimination has often necessitated that
prospective TGNB parents discern a “safe” hospital before
seeking care.

Historically, LGBTQIA+ people have relied on word of mouth
from their personal social circles to find safer health care [11].
However, younger LGBTQIA+ people, especially ones without
LGBTQIA+ support networks, also rely on the internet to search
for health information and providers that are inclusive of
LGBTQIA+ people [12,13]. This vetting of hospitals, along
with the increase of patient choice and consumerism for perinatal
care in general, has prompted hospitals to advertise their unique
benefits, such as low cesarean rates, “baby-friendly”
designations, and private rooms [14-19]. Hospitals have tailored
their advertisements for other demographics around them, but
there is a dearth of literature showing how hospitals advertise
their services for LGBTQIA+ populations, who rely on publicly
available information to find inclusive care and preserve their
health and safety [20].

Purdie-Vaughns et al [21] point to purposeful word choice as
one safety cue that, when recognized, signals protection from
identity-based discrimination. Hospitals might therefore attract
pregnant LGBTQIA+ parents by crafting more inclusive
obstetrical web pages. These pages could signal inclusivity by
explicitly referencing LGBTQIA+ care or by avoiding
gender-exclusive language like “mother and baby,” “mom,” or
presumptive she/her pronouns for parents. Through the words
chosen on these public-facing web pages, hospitals thus enable
parents to choose to give birth in places where their existence
is actively supported during the physically dangerous and
psychologically difficult transition to parenthood.

The states surrounding New York City—New York, New Jersey,
and Connecticut—boast an exceptionally high population

density of LGBTQIA+ individuals, who make up between 3%
to 5% of the total adult population [22]. This geographical region
is viewed as more inclusive towards LGBTQIA+ people than
average, so hospitals may have more incentive to provide
inclusive care [23,24]. This study aims to evaluate the current
prevalence of LGBTQIA+ inclusion and gender-inclusive
terminology among labor and delivery (L&D) service web pages
in the New York tristate area.

Methods

Study Design
The targeted words used to assess gender-inclusiveness for this
study were largely adapted from the Jennings et al [25] study
of gender-inclusive language on National Health Service
websites.

The official public-facing obstetric web pages of nonfederal,
short-term, acute-care hospitals from Connecticut, New Jersey,
and New York were analyzed (n=300). Hospitals without L&D
services or web content describing these services were excluded
(n=189). Websites were reviewed from late November 2022 to
January 2023.

Hospitals were categorized by state, 2013 National Center for
Health Statistics Rural-Urban classification, and Healthcare
Equality Index (HEI) score. The National Center for Health
Statistics Rural-Urban classification is a tool used to identify
urban and rural areas of the United States. It was used to analyze
any association between urbanization and hospital-based
inclusiveness of LGBTQIA+ people. The HEI score is the
national LGBTQIA+ benchmarking criterion that assesses health
care facilities’ policies and practices regarding equity and
inclusion of LGBTQIA+ patients, visitors, and employees. It
was also used to identify if there was any association between
a hospital’s publicly perceived LGBTQIA+ inclusivity and word
choice on the web pages.

For each hospital, at least 1 web page was examined alongside
up to 2 additional pages as supplementation for language
analysis. The gendered language used was recorded and
analyzed by a single reviewer. The complete L&D-related text
was analyzed and the types of gendered language used were
recorded. (Explicit discussion of related services, such as
chestfeeding, within the same site was excluded.) Any
non–gender-inclusive descriptors for the name of the building
or third-party services were also excluded from analysis, as
these are often not controlled by hospital administration.

Language Analysis
Each web page was reviewed independently by the chief
reviewer to minimize any discrepancies. Each hospital’s L&D
web page was rated as “fully inclusive,” “inclusive,” or
“noninclusive.” “Fully inclusive” websites explicitly
acknowledged LGBTQIA+ or TGNB parents. “Inclusive”
websites did not use gendered terminology or pronouns for
prospective parents. “Noninclusive” websites used the terms
“woman” or “women”; “mom” or “mother”; other terms for
women; “father” or “dad”; or she/her pronouns at least once in
the text reviewed.
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Statistical Analysis

Categories were analyzed using χ2 tests presented as frequencies
with percentages. P values <.05 were considered statistically
significant, and all tests were 2-sided.

Ethical Considerations
Ethics and insitutional review board approval were not required
since the study did not include human or animal subjects and
all data were collected from publicly available websites.

Results

Of the 300 hospital websites reviewed, 111 hospital websites
did not have a L&D web page or did not have content describing
their L&D services (Multimedia Appendix 1). Of the remaining
189 websites analyzed, 12 (6.3%) of them used fully inclusive
or inclusive language (Table 1). Only 1 hospital (0.5%) was
considered fully inclusive because it acknowledged “same-sex”
couples in its L&D content. The most common noninclusive
terms used were “mom” or “mother” (n=166, 87.8%) and
“woman” or “women” (n=94, 49.7%). No geographic areas
(P=.61) or HEI scores (P=.81) were associated with inclusive
or fully inclusive language (Tables 2-4).

Table . Labor and delivery web pages that used each type of language (N=189).

Total, n (%)Noninclusive, n (%)Inclusive, n (%)Fully inclusive, n (%)

189 (100)177 (93.7)11 (5.8)1 (0.5)Websites

Language used

94 (49.7)93 (49.2)0 (0)1 (1.1)    woman or women

166 (87.8)166 (87.8)0 (0)0 (0)    mother or mom

42 (22.2)42 (22.2)0 (0)0 (0)    she/her (parent)

9 (4.8)9 (4.8)0 (0)0 (0)    she/her (staff)

1 (0.5)1 (0.5)0 (0)0 (0)    synonyms for women
(ladies, etc)

33 (17.5)33 (17.5)0 (0)0 (0)    father or dad

Table . Summary of HEIa scores and gender-inclusive language used on L&Db web pages .

Total (N=189), n (%)Noninclusive (n=177), n (%)Inclusive (n=11), n (%)Fully inclusive (n=1), n (%)

65 (34.8)60 (33.9)5 (45.5)0 (0)HEI score=100%

26 (13.9)25 (14.1)1 (9.1)0 (0)HEI score <100%

98 (52.4)92 (52)5 (45.5)1 (100)HEI score not applicable

aHEI: Healthcare Equality Index.
bL&D: labor and delivery.

Table . Summary of gender-inclusive language used on labor and delivery web pages and population data.

Total (N=189), n (%)Noninclusive (n=177), n (%)Inclusive (n=11), n (%)Fully inclusive (n=1), n (%)

59 (31.2)53 (30.6)6 (54.5)0 (0)Large central metro

68 (36)65 (37.6)3 (27.3)0 (0)Large fringe metro

33 (17.5)31 (17.9)1 (9.1)1 (100)Medium metro

7 (3.7)7 (4)0 (0)0 (0)Small metro

18 (9.5)17 (9.8)1 (9.1)0 (0)Micropolitan

4 (2.1)4 (3.9)0 (0)0 (0)Noncore

Table . Examples of suggested gender-inclusive language [19,25].

Gender-inclusive languageNon–gender-inclusive language

“Birthing parents” OR “women and birthing parents”“Mothers”

“Pregnant patient” OR “pregnant person”“Pregnant woman”

“Maternity unit” OR “birthing unit”“Mother and baby unit”
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Discussion

Principal Findings
These results demonstrate that there is a large barrier for TGNB
parents to search for and identify potentially inclusive pregnancy
care. Out of the 12 inclusive and fully inclusive L&D web pages,
92% were inclusive not because they included gender-additive
language or LGBTQIA+ topics but rather because they omitted
the pregnant person’s gender altogether by addressing the reader
in the second person. The websites may have been inclusive
not by intention but by coincidence. In stark contrast, there are
multiple private reproductive endocrinology and infertility
clinics that specifically target LGBTQIA+ couples using specific
gender-inclusive language on their websites [26]. TGNB parents
who are accustomed to a purposefully inclusive experience
during their fertility journey and early pregnancy may be caught
off guard by the sudden invisibility of their identities as they
progress further through their pregnancy.

Interestingly, none of the hospitals that are acknowledged for
their excellence in LGBTQIA+ care in other specialties
discussed serving prospective TGNB parents for L&D care on
their websites. This likely reflects a wider societal trend of
“repronormativity,” by which society at large does not recognize
reproductive sex between TGNB parents as possible or
legitimate [27].

The accessibility of websites and web-based platforms is
important for TGNB people to find services and connect to
similar parents. Our above findings suggest less than 10% of
hospitals use gender-inclusive language when representing their
services. Thus, TGNB parents who are not connected to a wider
LGBTQIA+ community may struggle to find inclusive prenatal
care and delivery services due to the lack of representation.

Limitations
The use of multiple surrogate end points may limit this study.
The analyzed web pages, while used as a proxy for the culture

in L&D departments, may not fully represent institutional
attitudes and practices once parents start using their providers.
This is exacerbated by delays between institutional attitude
changes and hospital website updates. HEI scores were
ineffective in predicting the LGBTQIA+ inclusivity of hospitals’
web pages because HEI scores are determined purely through
institutional measures like nondiscrimination policies; they do
not directly address subtler, underlying heterosexism that
hopeful TGNB parents try to avoid in their health care. Finally,
the methodology used in this study makes it impossible to
establish a causal link between gendered terminology and the
quality of LGBTQIA+ inclusive care.

Additionally, it is important to note that individual TGNB people
may feel varying levels of dysphoria around maternal terms;
some TGNB parents may not consider the words “mom” or
“mother” to be exclusively for women. However, using
gender-inclusive language and terminology is an important step
towards providing a more welcoming and inclusive environment
for TGNB parents, regardless of those individuals’ personal
dysphoria triggers.

Conclusions
Using gender-inclusive language and terminology is the first
step towards providing a more welcoming and inclusive
environment for pregnant TGNB parents. Hospitals that want
to be recognized as more inclusive towards LGBTQIA+ people
can integrate gender-additive language into their L&D web
pages (eg, “mothers and birthing parents”) rather than omit
mentions of gender entirely [28]. US hospitals should consider
expanding this language to meet the needs of a growing group
of people who are having children. Future research should be
done including LGBTQIA+ patient advocate groups on the use
of inclusive language within health care providers’ obstetrical
and gynecology departments, specifically in L&D units and on
how this language impacts TGNB parents’health outcomes and
rapport with physicians.
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Abstract

Background: Telemedicine has been utilized in the care of patients with COVID-19, allowing real-time remote monitoring of
vital signs. This technology reduces the risk of transmission while providing high-quality care to both self-quarantined patients
with mild symptoms and critically ill patients in hospitals.

Objective: This study aims to investigate the application of telemedicine technology in the care of patients with COVID-19,
specifically focusing on usability, effectiveness, and patient outcomes in both home isolation and hospital ward settings.

Methods: The study was conducted between January 2022 and December 2022. More than 800 cases were monitored using
the QOCA remote home care system, a telemedicine platform that enables remote monitoring of physiological data—including
heart rate, blood pressure, temperature, and oxygen levels—through Internet of Things devices and a 4G-connected tablet. Of
these, 27 patients participated in thie study: the QOCA remote home care system was deployed 36 times in the isolation ward
and 21 times to those in home isolation. The QOCA remote care system monitored isolated cases through remote care packages
and a 4G tablet. Case managers and physicians provided telemedicine appointments and medications. Innovative methods were
developed to enhance usage, including online health education, remote care equipment instructions via QR core links, and video
consultations for patients without smartphones.

Results: A clinical nurse satisfaction survey revealed that most respondents found the content of the remote care package
comprehensive and the interface easy to learn. They expressed a desire to continue using the system. The majority also agreed
that using the remote care system and package would reduce their workload and that patients and caregivers could easily learn
to use the package. While some respondents expressed concerns about network and Bluetooth connectivity, the majority (24/27,
89%) agreed to include the remote device as part of their routine equipment, with an average score of 84.8 points.

Conclusions: The integration of telemedicine technology improves the quality of care while reducing the workload and exposure
of health care workers to viruses.

(JMIR Hum Factors 2025;12:e53456)   doi:10.2196/53456

KEYWORDS

COVID-19; telemedicine; smart home care; intelligent medical care; nursing care; medical care; remote monitoring; vital signs;
quarantine; home-care; hospital-care; screening; treatment; mHealth; mobile health; digital health; health education; remote
equipment; smartphone; video consultation; remote care; caregiver; patient; quality of care; medical staff

Introduction

COVID-19, a global pandemic, has posed significant challenges
to health care systems worldwide [1,2]. While Taiwan has

achieved success in epidemic prevention, the reopening of
borders raises concerns about potential gaps in prevention
measures and strains on health care resources. Addressing these
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challenges, this study identifies critical needs in the context of
COVID-19 care.

The need for home quarantine and home medical care is vital.
National Taiwan University Hospital Yunlin Branch has
pioneered a telecommunication-based remote consultation model
[3], providing video consultations for individuals under home
quarantine. This initiative has not only met their basic health
care needs but also minimized the risk of infection by reducing
hospital visits. However, with the majority of cases being mild
or asymptomatic, and a higher proportion of symptomatic cases
among middle-aged and older individuals [4], it is crucial to
develop a comprehensive telemedicine model for continuous
medical care during home quarantine or isolation and for patients
with mild COVID-19 undergoing home treatment [5-7].

During the COVID-19 pandemic, home monitoring of patients
has gained popularity. There are two main research designs: (1)
assessing patients before hospital admission to reduce virus
exposure and identify deterioration and (2) postdischarge
monitoring to provide continued care [8]. Monitoring methods
include online platforms, paper-based operations with telephone
interviews, or wearable devices [9-11]. Paper-based operations
with telephone interviews are more inclusive due to limited
digital literacy among the target population [12,13]. Most studies
focus on vital signs rather than psychological issues. Wearing
a pulse oximeter is important for monitoring, but it may cause
anxiety and has limitations for certain patients [14-16]. Home
monitoring during COVID-19 has benefits and can reduce health
care costs [17]. Improving accessibility and convenience is key
for future adoption.

Due to the pandemic, health care providers are unable to provide
patients with the usual standard of care during hospitalization,
leading to various challenges and impacts. Health care workers
face psychological stress and staffing shortages, while patients
experience isolation and mental health issues. Family members
are unable to visit their loved ones in critical condition [18,19].
Technology can offer some assistance in addressing these issues,
such as self-monitoring of blood oxygen levels and the
integration of vital sign monitoring [20]. Collaboration between
technology companies and health care providers is crucial,
especially as the pandemic becomes normalized in the
community. The development of information-assisted solutions
is urgent in order to improve health care delivery [21].

There is a need for low-contact health care for hospitalized,
isolated patients. To mitigate the risk of infection among patients
with confirmed COVID-19 infection or those at high risk of
being infected in dedicated isolation wards, the integration of
smart ward solutions and telemedicine is proposed. Real-time
remote physiological monitoring can minimize exposure risks
and reduce the workload of health care staff, optimize
management processes, and preserve valuable isolation rooms
and personal protective equipment. Furthermore, obtaining
real-time patient information enables early intervention and
improves work efficiency, thereby enhancing the safety of
patients with confirmed COVID-19 infection.

The study was conducted as a collaboration between National
Taiwan University Hospital Yunlin Branch and Quanta
Computer, utilizing their expertise in big data analysis and

telecommunication telemedicine technology. The project focuses
on the COVID-19 response hospitals, with the National Taiwan
University Hospital Yunlin Branch serving as the testing ground.
Specifically, it aims to provide assistance to patients with
confirmed COVID-19 infection or those at high risk of being
infected in the dedicated isolation ward, using advanced
telemedicine equipment for clinical care. By implementing
real-time remote physiological monitoring, the project aims to
reduce the exposure risk and workload of health care personnel,
simplify management processes, and optimize the utilization
of valuable isolation rooms and personal protective equipment.
Furthermore, by promptly assessing patient conditions and
intervening as needed, the project seeks to enhance work
efficiency and ensure the safety of patients with confirmed
COVID-19 infection.

Methods

Ethical Considerations
The Institutional Review Board (IRB) of National Taiwan
University Hospital approved this study (202009106RIPA).
Questionnaires were collected after obtaining informed consent.

All participant data were anonymized or deidentified to ensure
privacy. Participants voluntarily provided informed consent,
and no personal identifiers were included in the analysis or
dissemination. Additionally, anonymous surveys were used to
ensure there were no risks of information leakage.

Participants in the study were not compensated monetarily or
otherwise. Their involvement was voluntary, and all necessary
support for participation, such as the provision of remote care
packages and telemedicine tools, was offered free of charge.
This ensured equitable participation without financial coercion.

Study Design, Data Sources, and Population
The study was conducted at the National Taiwan University
Hospital Yunlin Branch. The inclusion criteria comprised
individuals diagnosed with COVID-19, while exclusion criteria
included moderate to severe COVID-19 cases, patients unwilling
to participate in telemedicine monitoring, and individuals
deemed unsuitable for telemedicine evaluation by physicians.
Participants were required to be 20 years of age or older and
provide informed consent approved by the IRB. The study
enrollment period spanned from January to December 2022.

Home Quarantine and Home Medical Care
This study included individuals who have tested positive for
COVID-19 and were classified as mild cases or have been
determined by the Center for Disease Control, Taiwan, to not
require immediate hospitalization due to severe conditions.
These individuals can undergo self-isolation monitoring and
were either required to quarantine or be monitored at home or
quarantine hotels.

The QOCA home system, developed by Quanta Computer, is
the core of the remote health care platform. It utilizes a
4G-connected tablet computer for patients, offering features
like remote video communication, physiological signal
measurement transmission, and remote physical examination
(Figure 1). Home monitoring occurs at the patient’s residence
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or quarantine hotel, providing audiovisual communication and
simple consciousness assessment. Vital signs, such as heart rate,
blood pressure, temperature, and oxygen level, are measured
and transmitted using Internet of Things (IoT) devices. A remote
physical examination system, including electronic stethoscope
devices, captures and uploads important findings like lung and
heart sounds. An interactive care app records visual aspects and
clinical conditions, which can be uploaded for health care
providers. An online questionnaire system tracks COVID-19
symptoms, comorbidity control, and psychological well-being.
Medication assessment and personalized care planning are
provided. The hospital-side system manages home isolation

quarantine and home-based COVID-19 care. Case managers
track patient conditions through a dashboard, maintain daily
health logs, and determine if hospital treatment is needed.
Information and communication technology–based remote
health care ensures continuous medical care and psychological
support for individuals in home quarantine or isolation and
home-based patients with COVID-19. Remote care packages
enable self-isolated individuals to monitor and report symptoms
and vital signs, with data transmitted back to the hospital.
Dedicated care managers communicate with patients, report to
physicians, and provide necessary support in case of discomfort
or abnormalities.

Figure 1. The QOCA home system by Quanta Computer is central to the remote health care platform. Utilizing a 4G tablet, it enables remote
communication, physiological data transmission, and virtual exams. Monitoring occurs at homes or quarantine locations, allowing audiovisual contact
and basic assessment. IoT devices measure and send vital signs, while an electronic stethoscope captures and uploads lung and heart sounds. An
interactive app records visual and clinical data for health care providers. An online questionnaire tracks COVID-19 symptoms, comorbidity control,
and psychological well-being and includes medication assessment and personalized care planning. IoT: Internet of Things.

Smart Hospital Ward
Patients with COVID-19 admitted to negative pressure isolation
wards or intensive care units at National Taiwan University
Hospital Yunlin Branch were monitored using the QOCA home
system developed by Quanta Computer. Tablet computers, IoT
physiological monitoring devices, and video cameras were
installed in patient rooms for remote monitoring. Patient
physiological data, including heart rate, respiration, body
temperature, blood pressure, and blood oxygen levels, were
automatically recorded and uploaded to the cloud. The care
team accessed these data without entering the rooms. The smart
ward included an electronic stethoscope device for recording
heart and lung sounds. A central monitoring module and a
patient dynamic dashboard were established at the nursing
station, providing alerts for abnormal conditions. Patient
laboratory reports and images were integrated, enabling health
care providers to interact with patients through the video system.

The study aimed to utilize information and communication
technology, including 4G-connected tablets and IoT monitoring
platforms, to facilitate remote health care for patients with
COVID-19 in isolation units. This system enabled continuous
medical care, psychological support, and remote consultations
with physicians; nursing care; psychological counseling; and
rehabilitation therapy. It allowed for monitoring of vital signs
and COVID-19 symptoms, promoting patient well-being without
direct contact.

Satisfaction Survey for the QOCA Smart Ward
Remote Care System: Clinical Nursing Staff and
General Population
This questionnaire aimed to understand the relevant settings of
the remote care system and its clinical application in dedicated
wards for COVID-19. The information gathered will be used
for future improvements and optimization. This survey was
anonymous, and there were no concerns about personal
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information leakage. The questionnaire included aspects of
communication quality, user-friendliness, overall satisfaction,
and suggestions. Each option consisted of strongly agree, agree,
neutral, disagree, and strongly disagree (Multimedia Appendix
1).

Results

Overview
Before officially enrolling patients in the monitoring care
package, thorough explanations and assistance were provided
to each individual in the isolation ward to ensure their
understanding and obtain their consent to participate in the
research study. Following this, every isolated patient was
equipped with a set of remote care packages. This became
standard practice in the ward, significantly reducing the
frequency of health care personnel entering patient rooms to
don and remove isolation garments. Patients were empowered
to self-measure their vital signs whenever they felt unwell,
providing immediate access to physiological data that could
alert health care professionals to any discomfort or changes in
their condition. This approach not only alleviated patients’
psychological anxiety about their disease progression but also
allowed health care staff to spend less time in isolation garments
while maintaining a real-time understanding of the patients’
current status, ultimately improving the quality of clinical care.

Enhancing Hardware Infrastructure for Remote Care
System in Isolation Ward
To enhance the hardware aspect of the remote care system
implemented in the isolation ward, the original 7-bed negative
pressure ward was expanded to accommodate the installation
of 32 sets of care packages, with one set allocated to each bed.
Additionally, the nursing treatment cart and the nursing station
computer were equipped with the QOCA remote care system
platform and individual nursing staff accounts. This setup
empowered the nursing personnel to monitor the patients’ vital
sign data in real time, which were automatically uploaded by
the system after patient measurements. Continuous monitoring
of vital signs was made possible throughout the patients’ entire
hospitalization and isolation period. Moreover, the QOCA
system facilitated real-time video communication when
necessary, enabling consultations with psychiatric physicians
to address any illness-related anxieties that the patients may
have. By extending the focus of care beyond the patients’
physiological needs, the hospitalization and treatment process
also addressed their psychological well-being.

Remote Home Care Package for Individual Who Are
COVID-19 Positive Under Self-Isolation
For individuals who have tested positive for COVID-19 and
can self-isolate at home without requiring hospitalization, a
comprehensive remote home care package was provided. This
package enabled individuals to independently monitor their
health, even without monitoring devices at home. It included
daily self-observation of symptoms and measurement of vital
signs, with the numerical data automatically transmitted to the
hospital through a tablet computer connected to 4G.

To ensure prompt attention to any discomfort or adverse
conditions, a dedicated care manager was assigned to each
patient. The care manager promptly reported any concerns to
the responsible physician and maintained regular contact to
inquire about the patient’s condition throughout the home
isolation period. If individuals experience symptoms, they could
also schedule telemedicine appointments to closely monitor
changes in their condition.

In cases where symptom management was necessary, the
responsible physician could prescribe appropriate medications
to help alleviate symptoms. This comprehensive remote home
care package aimed to provide effective care and support to
individuals with COVID-19, ensuring their well-being while
minimizing the risk of further transmission.

Advancing Care Through QOCA Telecare System for
COVID-19 Monitoring and Isolation
The number of cases monitored using the QOCA remote home
care system exceeded 800. Among them, 29 individuals
voluntarily participated in this research study and provided their
consent by signing the IRB consent form. The QOCA remote
home care system was deployed 36 times in the isolation ward
and 21 times to those in home isolation, as indicated in Table
1. In the ward, patients primarily monitor themselves or receive
assistance from family members for monitoring, while a small
number of individuals without family support or hired caregivers
receive help from nursing staff for measurements.

The participants in this study represented a diverse range of age
groups, with the majority being aged 41-60 years (13/29, 45%),
followed by the 61-80 years age group (9/29, 31%), and the
fewest participants in the 21-40 years (3/29, 10%) and 80+ years
age groups (4/29, 14%). The sample was predominantly male,
with 27 (93%) male participants and only 2 (7%) female
participants. Regarding the need for assistance, 11 (38%)
participants required help during the study, while 18 (62%)
managed independently. The participants’ education levels
varied, with most having elementary or junior high education
(20/29, 69%), while a smaller number had completed high
school or higher education (9/29, 31%). In terms of technology
usage, 21 (72%) participants used digital devices daily, while
8 (28%) reported no prior experience. Health engagement levels
were mixed, with the majority (20/29, 69%) not actively seeking
information about their conditions, while some participants
regularly consumed health-related content. Additionally, 17
(59%) participants had prior experience with health monitoring
devices, further illustrating the range of familiarity with telecare
technology among the group.

In contrast to traditional inpatient monitoring methods, the ward
implemented a specialized remote home care system designed
specifically for the isolation care required during the COVID-19
pandemic. This system enables patients to independently
measure their vital signs and automatically transmit the data to
the nursing staff. To ensure effective utilization of the remote
home care system by patients and their accompanying family
members, innovative care methods have been developed,
including the following:

JMIR Hum Factors 2025 | vol. 12 | e53456 | p.845https://humanfactors.jmir.org/2025/1/e53456
(page number not for citation purposes)

Chang et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


1. Online health education materials: With the widespread use
of smartphones due to technological advancements,
disease-specific health education materials are provided
through QR codes during hospitalization. This allows
patients to access relevant information whenever needed.

2. Guidelines for operating remote care devices: Some
individuals may be unfamiliar with monitoring devices.
Even after receiving instructions from health care
professionals, patients may require repeated practice. To
facilitate practice sessions without overwhelming the
nursing staff, instructional videos demonstrating device
operation can be accessed through QR codes. Patients can
practice as many times as necessary to ensure accurate
measurements.

3. Tablet-based video consultations for remote care: Patients
without smartphones can still access important information
through tablet-based video consultations offered by the
remote care system.

The ward continues to fully utilize the remote home care system
for clinical monitoring, and the number of users continues to
grow. Health care professionals not only provide personalized
care to patients but also make adjustments to the care process
based on the implementation of the remote home care system.
This approach reduces the risk of viral exposure and eases the
workload for health care staff, streamlines management
procedures, and ultimately enhances the quality of care provided.

Table . Results of case enrollment.

Value

QOCA remote home care system, n

36    Isolation ward

21    Home isolation

57    Total

50    Goal

>800Total utilization (cases), n

100%Execution rate

Clinical Nursing Staff Satisfaction Survey
This survey aimed to assess the satisfaction and experiences of
the clinical nursing staff in using the telecare system in the
dedicated COVID-19 isolation wards. The questionnaire was
divided into 3 main categories: communication quality,
user-friendliness, and overall experience. The objective was to
identify and analyze the challenges and difficulties faced by
users in relation to equipment, signals, and interface operations.

A total of 27 questionnaires were collected exclusively from
nursing staff working in the dedicated COVID-19 wards,
specifically Ward 7A and Ward 7B. Regarding the transmission
signals of the equipment, 44% (n=12) of the respondents
believed that the internet connection of the telecare system was
stable, while 37% (n=10) found the Bluetooth connection
between the tablet and the devices in the package to be stable.
When using the telecare system for video calls, 56% (n=15)
stated that the image quality was clear, and 56% (n=15) stated
that the sound quality was clear (Table 2).

In terms of usability, following training on the telecare system’s
interface, 89% (n=24) of the respondents found it easy to learn,
and an equal percentage (n=24, 89%) expressed their willingness
to continue using the telecare system to assist in clinical care.
Furthermore, 67% (n=18) believed that patients or caregivers
could quickly grasp the usage of the telecare package. Moreover,
81% (n=22) of the respondents indicated that the telecare
package contained all the necessary components and fulfilled
the requirements for clinical monitoring. Additionally, 89%
(n=24) agreed that the use of the telecare system and package
could help alleviate the burden of clinical care (Table 3).

Overall, 89% (n=24) of the respondents agreed to incorporate
the telecare device as a regular piece of equipment in isolation
wards, with an average satisfaction score of 84.8. The majority
(24/27, 89%) of the responses highlighted the short monitoring
time of the device and the instability of signal transmission.
They expressed a desire for improved stability in wireless
internet and Bluetooth signals, as it would lead to a smoother
user experience (Table 4).
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Table . Communication quality survey responses regarding the telemedicine system.

Scorea (n=27), n (%)Question

54321

0 (0)3 (11)12 (44)11 (41)1 (4)I think the network
connection of this tele-
care system is stable

0 (0)5 (19)12 (44)8 (30)2 (7)The Bluetooth connec-
tion between the tablet
in the care bag and the
instrument is stable

1 (4)5 (19)6 (22)12 (44)3 (11)When using the nurs-
ing system, the image
is very clear.

1 (4)3 (11)8 (30)13 (48)2 (7)When using the nurs-
ing system, the sound
is very clear.

aScore: 1=strongly agree, 2=agree, 3=neutral, 4=disagree, and 5=strongly disagree.

Table . User-friendliness survey responses regarding the telemedicine system.

Scorea (n=27), n (%)Question

54321

1 (4)1 (4)1 (4)9 (33)15 (56)The interface of this
telecare system is easy
for me to use after be-
ing taught.

16 (59)6 (22)1 (4)3 (11)1 (4)I find the equipment in
this telecare package
difficult to use.

2 (7)3 (11)4 (15)11 (41)7 (26)I think most patients or
caregivers can quickly
learn to use the telecare
package.

1 (4)1 (4)3 (11)10 (37)12 (44)I think the contents of
this telecare package
are complete and meet
the needs of clinical
monitoring

aScore: 1=strongly agree, 2=agree, 3=neutral, 4=disagree, and 5=strongly disagree.
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Table . Overall satisfaction with the QOCA remote care system in smart wards.

Value (n=27), n (%)Question and score

I think the use of telecare systems and care packages can help reduce the load of clinical care.a

15 (56)    1

9 (33)    2

2 (7)    3

0 (0)    4

1 (4)    5

I would like to continue to use this telecare system to assist clinical care.a

15 (56)    1

9 (33)    2

2 (7)    3

0 (0)    4

1 (4)    5

I think the remote care system and care package can become one of the routine equipment used by the unit.a

15 (56)    1

6 (22)    2

4 (14)    3

1 (4)    4

1 (4)    5

If a full score is 100, how much would you like to rate the telecare system and care package?

1 (4)    60

2 (7)    70

1 (4)    75

6 (22)    80

3 (11)    85

11 (41)    90

2 (7)    95

1 (4)    99

aScore: 1=strongly agree, 2=agree, 3=neutral, 4=disagree, and 5=strongly disagree.

Discussion

Principal Findings
The enhancement of the hardware infrastructure for the remote
care system in the isolation ward has significantly improved
the quality of care and patient outcomes [22,23]. By expanding
to accommodate more care packages, each patient receives
continuous monitoring and support. The integration of the
QOCA remote care system into nursing carts and computers
allows real-time access to vital sign data, enabling prompt
interventions and ensuring patient well-being. The system also
facilitates video consultations with psychiatric physicians,
addressing patients’anxieties and holistic needs. This approach
benefits both patients and nursing staff, who can efficiently
monitor multiple patients, respond promptly to changes, and
access patient data remotely, thus saving time and reducing
errors.

The implementation of a remote home care package for
individuals who are COVID-19 positive in self-isolation offers
effective care and support while reducing transmission risk [24].
Patients can independently monitor their health by observing
symptoms and measuring vital signs, actively participating in
their care. A tablet connected to 4G enables real-time
transmission of data to health care providers, facilitating
informed decisions. Dedicated care managers provide
personalized support, regularly checking in on patients and
promptly reporting concerns. Telemedicine appointments allow
close monitoring, adjustment of treatment plans, and direct
access to medical professionals, thus reducing anxiety. Remote
prescription of medications ensures symptom management
without visiting a health care facility. However, challenges
include subjective self-reporting and disparities in internet access
and technological skills [23,25]. Education and efforts to address
disparities are essential for equitable care.
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The implementation of the QOCA remote home care system
for COVID-19 monitoring and isolation has been successful in
advancing care and improving patient outcomes. With over 800
cases monitored, the system allows patients to independently
measure vital signs and transmit data to nursing staff, reducing
the need for frequent in-person monitoring. Innovative methods,
such as online health education materials and instructional
videos, ensure optimal utilization of the system. Tablet-based
video consultations cater to patients without smartphones. By
fully utilizing the remote home care system, the ward provides
personalized care, streamlines management procedures, reduces
viral exposure, and eases the workload for staff, ultimately
enhancing care quality [26]. Ongoing monitoring and evaluation
are crucial for system refinement, and its success in COVID-19
care opens doors for its application in other health care settings,
showcasing the transformative potential of technological
advancements in patient care.

During the COVID-19 pandemic, nursing professionals have
made substantial achievements in delivering adequate patient
care by utilizing telehealth [8,12,24]. The results of the clinical
nursing staff satisfaction survey regarding the telecare system
in COVID-19 isolation wards provide valuable insights into
their experiences and challenges [27]. The majority of
respondents found the telecare package to be usable and to have
met the requirements for clinical monitoring. After training, the
respondents stated that the interface was easy to learn, and they
expressed their willingness to continue using the system. A
substantial percentage believed that patients and caregivers
could quickly grasp its usage, and that the use of the telecare
system helped alleviate the burden of clinical care [12].
Regarding transmission signals, opinions were mixed. While a
portion of respondents found the internet connection stable,
others highlighted issues with Bluetooth connectivity. In terms
of video calls, a majority found the image and sound quality to
be clear. Overall, the survey indicates high satisfaction with the
telecare system, with a majority of respondents expressing their
support for incorporating it as a regular equipment in isolation
wards. The average satisfaction score was positive [13].
However, feedback emphasized the need for improvements in
signal stability, particularly in wireless internet and Bluetooth
connections [24]. The short monitoring time of the device was
also a concern.

The difficulties and obstacles in telemedicine for COVID-19
care include insufficient hardware environment and the short
monitoring time of equipment [28]. The negative pressure
isolation environment in the ward, with multiple walls and

controlled doors, leads to weak signals. Installing signal
amplifiers, as suggested by the hospital’s IT department, can
improve signal stability. The monitoring time of the equipment
is too short, but through discussions with engineers and the
manufacturer, it is believed that adjusting the monitoring time
according to individual patient needs can align it with clinical
requirements, enabling more accurate monitoring of values.
Addressing these challenges will enhance the effectiveness and
reliability of telemedicine in COVID-19 care.

One potential limitation of this study is the relatively small
sample size, which may affect the generalizability of the
findings. With only 36 deployments in the isolation ward and
21 deployments in home isolation, the results may not fully
represent the broader population of patients with COVID-19 or
other health care contexts. Additionally, the voluntary nature
of participation could introduce selection bias, as those who
agreed to participate may differ from those who declined in
terms of health status or access to technology. Another limitation
is that the study was conducted within a single hospital,
potentially limiting the applicability of the results to other
settings with different resources or patient demographics. Lastly,
the short-term focus of the study may not capture the long-term
effectiveness or sustainability of telemedicine interventions,
warranting further research in this area.

Conclusion
The implementation of the QOCA telemedicine system
demonstrated significant benefits in managing patients with
COVID-19 who have mild symptoms, both in isolation wards
and home quarantine settings. By enabling continuous remote
monitoring of vital signs and offering real-time communication
between patients and health care providers, the system not only
improved the quality of care but also reduced the workload and
exposure risk for medical staff.

However, the study had some limitations, including a relatively
small sample size and the potential for selection bias, which
may affect the generalizability of the findings. Additionally,
the short-term nature of the study may not fully capture the
long-term impacts of telemedicine in patient care.

Despite these limitations, our findings suggest that telemedicine
systems like QOCA can play a crucial role in pandemic response
and future health care delivery. Further research with larger,
more diverse populations and extended follow-up periods is
recommended to fully explore the potential of telemedicine in
improving patient outcomes and health care efficiency.
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Abstract

Background: Telehealth is an increasingly important component of health care services. Telehealth services may present an
opportunity to increase the equity, accessibility, and effectiveness of health care. As such, it is critical that telehealth design
focuses on reducing the barriers to access and usability that may impair some telehealth users.

Objective: Our goal was to identify different demographic characteristics, behaviors, or opinions that may predict groups who
are likely to face a barrier to using telehealth services.

Methods: We used data from the National Health Interview Survey and multiple logit regression models focused on different
aspects of telehealth to examine three different avenues of telehealth service: looking up health information using the internet,
scheduling an appointment using the internet, and communicating with a care provider through email using the internet in order
to consider the ways in which different telehealth services may face different barriers.

Results: Our results suggest that middle-aged (36-55 years old) and older adult (56-85 years old) respondents were significantly
less likely to look up health information using the internet or schedule an appointment using the internet versus younger individuals
(18-35 years old). Specifically, our analysis found that middle-aged adults were found to have a higher odds ratio than older
adults (0.83 vs 0.65) for looking up health information using the internet. We also found that there were differences in age groups
for using technology to perform health care–related tasks. In terms of searching for health information using the internet and
scheduling appointments using the internet, we found differences between men and women, with women being significantly more
likely than men to look up health information using the internet, schedule an appointment using the internet, and communicate
with a care provider through email using the internet. Across all the investigated variables, we found that the rates of using the
internet for looking up health information, scheduling an appointment, and communicating with a care provider over email
increased substantially across the study period. The impact of costs was inconsistent across the different models in our analysis.
We also found that there is a strong correlation between respondents’ collaboration in their personal health and the likelihood
that they would use telehealth services to meet these needs.

Conclusions: This analysis provides an exploratory look at the data to highlight barriers that may impact a user’s ability to
access telehealth services in the context of other potential predictor variables to account for the real-world variability that these
may present. Future work should examine the complex relationships of those variables and understand how these interactions
are correlated with the respondents’ use of telehealth.

(JMIR Hum Factors 2025;12:e58362)   doi:10.2196/58362
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internet; web search; internet search; internet use; searching behavior; access to health information; telemedicine; telehealth;
virtual care; virtual health; virtual medicine; logistic regression model; regression model; National Health Interview Survey;
NHIS
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Introduction

Background
With the advancement of digital technologies, the use of
technology in health care has grown [1,2]. While there have
been several attempts to better understand the use of digital
technologies in health care, much of the work has been done in
silos and is sometimes limited in scope [2,3]. Generally,
telehealth refers to health care communication through
technology, often used in conjunction with telemedicine and
eHealth [3-5]. Mobile health is an additional term that describes
telehealth services in the context of mobile devices [6].
Telehealth is increasingly being used in growing populations,
offering distinct advantages and potential barriers for different
patient populations and their care.

Benefits Associated With Telehealth
The increased adoption of telehealth services has allowed for
its impacts to be examined on actual patients receiving telehealth
care [7]. It has been shown that when telehealth is implemented
with current best practices, it may help to balance the health
care supply and demand disparity [8], improve patient access
to care [8,9], and reduce the cost of care [8,9]. Due to increasing
demand with changes in population sizes and demographics, as
well as decreasing supply as care providers retire or change
careers [8], telehealth services and telehealth programs have
helped bridge this gap [10,11]. Telehealth also has been shown
to improve patients’ability to access care, thus enabling patients
to receive efficient and cost-effective care [8,10] by reducing
the impacts of geographical barriers [12] and cost barriers to
care [13]. Telehealth may also improve the cost-effectiveness
of care, with [14] finding that the “all-cause” cost of providing
care to older patients (older than 65 years) decreased from US
$937.25 to US $491.52 with the inclusion of telehealth services.
Telehealth can also offer support for individuals seeking mental
health care where mental health specialties are distant or when
there may be patient privacy issues in obtaining mental health
care [15].

Barriers to the Use of Telehealth Services
There are several potential barriers that have been identified
related to the use and effective implementation of telehealth
services [7]. A notable barrier to telehealth services is patients’
health literacy [16-18]. Individuals with lower levels of health
literacy have shown lower comfort levels with using telehealth
technologies [17,19]. Older people are using as well as providing
telehealth services [20]. Yet, it has been suggested that older
patients (older than 60 years) might have greater difficulty using
telehealth services [21]. Additionally, technological
infrastructure issues (low-quality, limited internet access) may
reduce the ability of individuals to access telehealth services
[22]. Individuals’ access to electronic devices (ie, smartphones,
computers, and tablets) may also be a barrier to engaging in
telehealth services [22]. In addition to the access issues, the
time and costs required to engage in the services (both for the
patients as well as clinicians) may be a barrier to rolling out
large programs or integrating them into the workflow processes
for clinical staff [23].

Changes in Health Care Populations Over Time
There are several factors that have been shown to impact the
use of web-based resources for health care and other telehealth
services [24]. A 2018 study suggests that demographic factors,
such as living in rural areas, age, and insurance types, impact
telehealth implementation and use in health care facilities [24].
There have also been racial and ethnic discrepancies reported
in the literature, with Black and Hispanic patients preferring
emergency departments to telemedicine compared to White
patients [25]. Age is also an important factor as the use of
telehealth differs among different age groups [14,25]. In
addition, health insurance access, and having internet access
also influence the use of telehealth [14].

It is important to consider how user needs with telehealth change
over time [26]. Changing population demographics, such as
age, have major impacts on the use and function of health care
[27]. Other additional factors, such as socioeconomic factors
and changes in the prevalence of different health conditions,
also impact the function of the health care system [27]. Over
time, population demographics, access, and technology can
change significantly, leading to incorrect conclusions or missed
critical trends due to observing only one moment. It is important
to consider all these elements when examining which predictors
may indicate barriers to telehealth access. The objective of this
research is to examine how individuals used the internet to
support their health care over 7 years (2012-2018) using the
National Health Interview Survey (NHIS) data. Specifically,
we examined how different demographic variables and
respondents’ perspectives influenced how individuals looked
up health information using the internet, scheduled appointments
using the internet, and emailed to communicate with a care
provider using the internet.

Methods

Ethical Considerations
An ethics board review was not required for this analysis as this
study used publicly available data.

Overview
Each year the Centers for Disease Control and Prevention
(CDC), a government agency assigned to monitor the general
public’s behavior and health status conducts the NHIS, which
is an annual cross-sectional survey designed to gather data on
a variety of health-related topics throughout the United States
with oversampling of certain demographic groups in a way that
is nationally representative [28]. The survey weighting variable
is poststratified based on the US Census data to represent
national population characteristics [28]. These survey weights
are identified for all combinations of persons within the variable
WTFA_SA in the NHIS data. Due to the complex survey
sampling strategy, the survey person weights must be used in
analyzing the data to avoid substantial bias in the results [28].

For this analysis, the NHIS sample adult files for each year from
2012 to 2018 were used. For the files from 2012 to 2014, the
American Standard Code for Information Interchange data file
was combined using the stringr, stringi, foreign, and RCurl
packages in R (R Foundation for Statistical Computing) to run
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the associated Statistical Analysis System statements to produce
a .csv version of the sample adult file. For the years 2015-2018,
a csv file was provided for the sample adult survey data. We
created a single file by combining responses for each year using
the R functions rbindlist from the data.table package to match
each survey year on the corresponding variable columns. Only
identical questions related to our research objectives were
included in the combined data set.

All responses recorded as the option “not ascertained” were
recoded as NA for all variables. All the variables were recoded
by assigning binary values or group responses to facilitate the
data analysis. The variables used as outcome variables were
recoded to become binary variables: health information seeking
using the internet (HIT1A), scheduling health care appointments
using the internet (HIT3A), and communication with health
care providers through email using the internet (HIT4A).
Demographic variables were also recoded, including the
respondent’s race (RACERPI2), Hispanic ethnicity
(HISPANI_I), sex (SEX), region (REGION), marital status
(R_MARITL), internet use (AWEBUSE) and the frequency of
using the internet (AWEBOFNO and AWEBOFTP), email use
(AWEBEML) and the frequency of using email (AWEBMTP),
whether a respondent would go to a clinic or doctor’s office
(AUSUALPL and APLKIND), and where a respondent goes to
seek preventative care (AHCPLKND). Additionally, whether
a respondent skipped medication doses to save money
(ARX12_1), whether a respondent took less medication to save
money (ARX12_2), if a respondent had delayed filling a
prescription (ARX12_3), preferred low-cost medication
(ARX12_4), reported buying prescription drugs from another
country to save money (ARX12_5), used alternative therapies
to save money (ARX12_6), affordability of prescribed
medication (AHCAFYR1), affordability of mental health care
or counseling (AHCAFYR2), affordability of dental care
(AHCAFYR3), affordability of eyeglasses (AHCAFYR4), and
worries about paying medical bills (AWORPAY).

All responses where the data were coded as “not ascertained”
or “missing” were recoded as “NAs” for all of the variables and
were dropped from the analysis. Whether or not a survey
respondent had looked up health information using the internet
in the last 12 months was recoded to a binary response of 1 to
indicate if the respondent had looked up health information on
the internet or 0 if they did not indicate looking up health
information on the internet (all other responses). Similarly, all
binary variables were recoded in the same manner. A survey
respondent’s race was identified within the data by the
RACERPI2 variable from the NHIS data. The variable was
recoded to indicate if the survey respondent reported their race
as being White, Black or African American, American Indian
or Alaska Native, Asian, or multiple races. A survey
respondent’s Hispanic ethnicity was recoded to indicate if the
survey respondent reported being Hispanic, multiple Hispanic,
Puerto Rican, Mexican, Mexican-American, Cuban or Cuban
American, Dominican (Republic), Central or South American,
other Latin American (type not specified), other Spanish,
Hispanic or Latino or Spanish (nonspecific type), Hispanic or
Latino or Spanish (type refused), or were not Hispanic (a
response of 12, not Hispanic or Spanish origin). A survey

respondent’s region was identified within the data using the
variable REGION from the NHIS data. The variable was
recoded to indicate if the survey respondent reported residing
in the Northeastern, Midwestern, Southern, or Western United
States. A survey respondent’s marital status was recoded to
indicate if the survey respondent reported living with a spouse
or partner or not living with a spouse or partner (all other
responses). A survey respondent’s internet use was identified
in the data using the AWEBUSE variable from the NHIS data.
The variable was recoded to indicate if the survey respondent
reported using the internet, or not. Additionally, a survey
respondent’s internet use frequency was identified in the data
using the AWEBOFNO and AWEBOFTP variables. The
variables were recoded to indicate frequently using the internet
(responses of once per day or more frequently) or not using the
internet frequently (all other response combinations). The
variable APLKIND was recoded to indicate if a respondent goes
to a clinic or doctor’s office (a response of clinic or health
center, or doctor’s office or health maintenance organization)
or somewhere other than a clinic or doctor’s office (all other
responses). These variables were combined to indicate if a
respondent goes to a clinic or doctor’s office when sick, goes
somewhere other than a clinic or a doctor’s office when sick,
or does not indicate going anywhere when sick. Where a
respondent goes to seek preventative care was identified using
the variable AHCPLKND in the NHIS data. The variable was
recoded to indicate if a respondent goes to a clinic or doctor’s
office for preventative care (a response of clinic or health center,
or doctor’s office or health maintenance organization) or does
not go to a clinic or doctor’s office for preventative care (all
other responses).

We used logit regression models to examine the relationship
between our predictor variables and each of our 3 separate
questions about the survey participants’ use of telehealth:
looking up health information using the internet, scheduling an
appointment with a health care provider using the internet, and
communicating with a provider over email using the internet.
In the field of machine learning and statistics, a wide range of
computer models can be used for predicting clinical outcomes
such as logit regression, decision trees, artificial neural networks,
and Bayesian networks. We have selected Logit regression
because it is a well-known statistical fitting model that is
frequently used for modeling medical problems where it is
needed to identify the relation between a binary response
variable and a set of independent predictor variables [29]. The
models were built using the svyglm function within the survey
package in R version 4.2.1 (R Foundation for Statistical
Computing) in R Studio 2023.03.0+386 (Posit PBC). The
svyglm function includes the ability to account for a weighting
variable in the data to facilitate population estimates. The
stepAIC function within the MASS package was used to identify
the best-fit model for this data.

Results

Overview
Young adults (18-35 years old) made up between 32.1%
(n=10,140, unweighted) and 31.26% (n=6902, unweighted) of
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weighted survey respondents in 2012 and 2017, respectively,
as shown in Table 1, while older adults (56-85 years old)
accounted for 32.37% (n=12,662, unweighted) in 2012 and
35.63% (n=11,483, unweighted) in 2018. Women made up

between 51.72% (n=13,867, unweighted) and 51.87%
(n=19,252, unweighted) of the weighted survey respondents
over the years.

Table 1. Demographic information broken down by year; given as count of response and percentage of weighted totalsa.

2018201720162015201420132012Parameter

Age, n (%)

6177 (31.34)6902 (31.26)8662 (31.68)9230 (31.73)10,431 (31.85)10,183 (31.92)10,140 (32.10)Younger adult

7757 (33.02)8176 (33.27)10,094 (33.60)10,894 (34.23)12,065 (34.64)11,521 (35.31)11,723 (35.53)Middle-aged

11,483 (35.63)11,664 (35.47)14,272 (34.72)13,548 (34.05)14,201 (33.51)12,853 (32.77)12,662 (32.37)Older adult

Sex, n (%)

11,550 (48.28)12,096 (48.24)14,991 (48.23)15,071 (48.20)16,398 (48.20)15,440 (48.16)15,273 (48.13)Male

13,867 (51.72)14,646 (51.76)18,037 (51.77)18,601 (51.80)20,299 (51.80)19,117 (51.84)19,252 (51.87)Female

Race, n (%)

295 (1.13)307 (1.20)357 (1.01)392 (0.95)377 (0.81)360 (0.83)349 (0.82)AIANb

1350 (6.41)1402 (6.37)1670 (6.07)1983 (5.94)2129 (5.74)2153 (5.59)2183 (5.35)Asian

2974 (12.38)2980 (12.42)3685 (12.31)4673 (12.32)5173 (12.26)5361 (12.03)5319 (11.91)Black or
African Amer-
ican

563 (2.32)529 (1.99)687 (1.93)699 (1.74)734 (1.61)662 (1.57)659 (1.67)Multiple races

20,173 (77.75)21,472 (78.93)26,524 (78.68)25,831 (79.05)28,209 (79.57)25,935 (79.98)25,939 (80.25)White

Region, n (%)

4143 (17.34)4348 (18.31)5590 (18.30)5580 (17.45)5919 (17.31)5645 (17.52)5774 (18.20)Northeast

5949 (21.98)6350 (21.81)7345 (22.17)7102 (22.42)7809 (22.99)7070 (22.68)7193 (22.72)Midwest

9312 (36.90)9860 (36.21)11,487 (35.65)11,646 (37.12)12,896 (37.24)12,813 (36.93)12,536 (36.43)South

6013 (23.78)6184 (23.67)8606 (23.88)9344 (23.01)10073 (22.46)9029 (22.88)9022 (22.65)West

11,031 (48.89)11,400 (48.66)14,160 (48.07)14,213 (48.11)15,424 (48.08)14,199 (48.27)14,371 (48.15)Living with spouse
or partner, n (%)

25,41726,74233,02833,67236,69734,55734,525Unweighted sam-
ple size

249,455,533246,657,271245,142,225242,500,657239,688,457237,394,354234,920,670Weighted sample
size

aThe table shows the unweighted sample size for each variable and the related percentage once the weights are applied to the data.
bAIAN: American Indian or Alaska Native.

The percentage of frequent internet users increased from 58.77%
(n=18,016, unweighted) in 2012 to 73.15% (n=17,153,
unweighted) in 2018. The percentage of email users increased
from 64.46% (n=20,038, unweighted) in 2012 to 74.37%
(n=17,635, unweighted) in 2018. The number of individuals
who reported living with their spouse or partner ranged from
48.07% (n=14,160, unweighted) of weighted survey respondents
in 2016 to 48.89% (n=11,031, unweighted) in 2018.

As shown in Figure 1A, older adult respondents tend to look
up health information less than the middle-aged or younger
adult groups over the years, while the percentage of the
respondents looking up health information using the internet
grew at similar rates for all groups. As shown in Figure 1B,

men tend to look up health information using the internet less
than women across all years of the study. Older adult
respondents tended to report scheduling an appointment using
less than younger adults or middle-aged respondents (Figure
2A). Across the years included in this study, the proportion of
younger and middle-aged respondents tended to grow at similar
rates. As shown in Figure 2B, men tended to report scheduling
an appointment using the internet less often than women. As
shown in Figure 3A, a higher percentage of middle-aged adults
tended to report communicating with their care provider through
email than older adults; a higher percentage of older adults
tended to report it than younger adults. As shown in Figure 3B,
men tended to report communicating with their care provider
through email less often than women.
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Figure 1. Percentage of respondents that looked up health information using the internet (A) for each age group and (B) by sex.

Figure 2. Percentage of respondents that scheduled an appointment using the internet (A) for each age group and (B) by sex.

Figure 3. Percentage of respondents that emailed their care provider using the internet (A) for each age group and (B) by sex.

The number of respondents who accessed health information
by using the internet increased from 42.76% (n=13,621,
unweighted) in 2012 to 55.22% (n=13,677, unweighted) in 2018
(Table 2). In 2018, the percentage of respondents who scheduled
an appointment using the internet rose from 4.68% (n=1463,
unweighted) in 2012 to 16.86% (n=3962, unweighted). The
number of respondents emailing their provider using the internet
increased from 5.84% (n=1800, unweighted) in 2012 to 16.65%
(n=4176, unweighted) in 2018. The number of respondents
seeking medical care who visited a clinic or doctor’s office

increased from 79.95% (n=27,085, unweighted) in 2012 to
82.03% (n=21,092, unweighted) in 2018. The number of
respondents seeking preventive care who visited a clinic or
doctor’s office increased from 35.96% (n=2706, unweighted)
in 2012 to 45.16% (n=2133, unweighted) in 2018. The number
of respondents concerned about paying medical bills decreased
from 50.24% (n=17,267, unweighted) in 2012 to 43.54%
(n=10,637, unweighted) in 2018. The use of alternative therapies
to save money increased from 4.07% (n=1454, unweighted) in
2012 to 5.14% (n=1294, unweighted) in 2018.
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Table 2. Response variables broken down by year; given as the count of responses and percentage of weighted totalsa.

201820120162015201420132012Parameter

17,153 (73.15)17,596 (71.05)21,013 (69.45)19,380 (67.12)21,463 (65.04)19,699 (63.28)18,016 (58.77)Uses internet frequent-
ly (>daily), n (%)

17,635 (74.37)18,198 (72.51)21,873 (71.44)20,008 (68.84)22,697 (68.24)21,255 (67.51)20,038 (64.46)Uses email, n (%)

13,677 (55.22)14,097 (54.25)16,543 (52.04)15,917 (50.55)14,783 (43.21)15,241 (47.86)13,621 (42.76)Search health informa-
tion using the internet,
n (%)

3962 (16.86)3543 (14.42)3542 (11.89)2974 (10.28)2099 (6.73)1973 (6.29)1463 (4.68)Schedule appointment
using the internet, n
(%)

4176 (16.65)3822 (14.76)3994 (12.86)3295 (11.17)2550 (7.77)2252 (7.21)1800 (5.84)Email care providers,
n (%)

1003 (5.71)1071 (5.96)1340 (5.78)1400 (6.07)1654 (6.93)1745 (7.72)2293 (6.31)Skip medication to
save money, n (%)

1074 (5.95)1118 (6.08)1390 (6.01)1519 (6.46)1733 (7.21)1875 (8.21)2418 (6.67)Take less medication
to save money, n (%)

3436 (19.20)3456 (18.74)4460 (19.65)4259 (19.45)4918 (21.35)5186 (24.39)6320 (18.72)Request lower-cost
medication, n (%)

388 (1.58)397 (1.51)477 (1.62)483 (1.31)554 (1.45)588 (1.57)663 (1.90)Uses international
medications to save
money, n (%)

1294 (5.14)1161 (4.20)1411 (4.26)1358 (3.78)1587 (4.04)1559 (4.20)1454 (4.07)Alternate therapies to
save money, n (%)

1689 (6.30)1661 (6.07)2151 (6.19)2243 (6.35)2623 (6.89)2838 (7.81)3040 (8.29)Cannot afford medica-
tions, n (%)

665 (2.65)582 (2.11)686 (1.95)682 (1.87)766 (1.92)798 (2.10)944 (2.51)Cannot afford mental
care, n (%)

2922 (11.26)2891 (10.77)3498 (10.24)3913 (10.90)4490 (11.60)4748 (12.85)4776 (13.23)Cannot afford dental
care, n (%)

1676 (6.33)1607 (5.81)1971 (5.64)2398 (6.40)2574 (6.47)2734 (7.33)2860 (7.80)Cannot afford vision
care, n (%)

10,637 (43.54)11,296 (44.44)13,816 (43.72)15,136 (45.55)16,912 (46.87)17,106 (49.76)17,237 (50.24)Worried about paying
medical bills, n (%)

Goes to a clinic when sick, n (%)

3137 (13.69)3167 (12.98)3941 (13.07)4518 (13.80)5033 (13.69)5325 (15.27)5660 (16.17)No where

1047 (4.29)947 (3.48)1108 (3.27)1304 (3.59)1543 (3.97)1551 (3.90)1442 (3.88)Somewhere else

21,092 (82.03)22,452 (83.54)27,757 (83.66)27,587 (82.60)29,841 (82.34)27,486 (80.83)27,085 (79.95)Goes to clinic

2133 (45.16)2191 (46.10)2640 (44.76)2495 (39.04)2607 (35.74)2478 (33.78)2706 (35.96)Visits clinic for pre-
ventive care

25,41726,74233,02833,67236,69734,55734,525Unweighted sample
size

249,455,533246,657,271245,142,225242,500,657239,688,457237,394,354234,920,670Weighted sample size

aThe table shows the unweighted sample size for each variable and the related percentage once the weights are applied to the data.

Looking Up Health Information Using the Internet
We constructed a model to examine the relationship between
the predictor variables and whether or not the survey respondent
accessed health information using the internet (Table 3). With
each successive year, respondents were more likely to look up
health information using the internet (odds ratio [OR] 1.12, 95%
CI 1.10-1.15). Middle-aged adults (OR 0.83, 95% CI 0.75-0.93)
and older adults (OR 0.65, 95% CI 0.57-0.73) were less likely

in comparison to younger adults to look up health information
using the internet. Women were more likely to look up health
information using the internet in comparison to men (OR 1.69,
95% CI 1.54-1.85). Black or African American respondents
were less likely to look up health information in comparison to
White respondents (OR 0.77, 95% CI 0.67-0.89). The survey
respondents in the South region were less likely to look up
health information using the internet compared to those in the
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North region (OR 0.73, 95% CI 0.63-0.85). A frequent internet
user was more likely to look up health information (OR 3.40,
95% CI 3.00-3.85). Similarly, respondents who used email
regularly were more likely to look up health information using
the internet than those who reported not using email frequently
(OR 3.88, 95% CI 3.41-4.42). Respondents who reported asking
their clinicians for lower-cost medications in order to save
money were more likely across all years to look up health
information (OR 1.55, 95% CI 1.38-1.75). Respondents using
alternative therapies in order to save money were almost twice

as likely to look up health information using the internet (OR
1.92, 95% CI 1.57-2.36). Respondents who reported going to
a clinic or doctor’s office when they were sick were more likely
to look up health information using the internet than those who
did not report going there (OR 1.21, 95% CI 1.08-1.36).
Respondents who reported going to a clinic or doctor’s office
as part of preventative care were also more likely to look up
health information using the internet than those who did not
seek out preventative care at a clinic or doctor’s office (OR
1.18, 95% CI 1.07-1.31).

Table 3. The best-fit model predicting the likelihood that an individual look up health information using the internet.

ORa (95% CI)P valuet testParameter estimate (SE)Parameter

N/Ab<.001–10.86–238.10 (21.92)Intercept

1.12 (1.10-1.15)<.00110.770.12 (0.01)Year

0.83 (0.75-0.93)<.001–3.35–0.18 (0.05)Middle-aged

0.65 (0.57-0.73)<.001–6.81–0.44 (0.06)Older adult

1.69 (1.54-1.85)<.00111.250.52 (0.05)Female

0.77 (0.67-0.89)<.001–3.62–0.26 (0.07)Black or African American

NSd.18–1.33–0.32 (0.24)AIANc

NS.008–2.64–0.28 (0.11)Asian

NS.980.030.00 (0.14)Multiple race

NS.10–1.65–0.14 (0.08)Midwest

0.73 (0.63-0.85)<.001–4.16–0.31 (0.076)South

NS.19–1.31–0.11 (0.08)West

NS.002–3.10–0.15 (0.049)Not living with spouse

3.40 (3.00-3.85)<.00119.291.23 (0.06)Uses internet frequently

3.88 (3.41-4.42)<.00120.601.36 (0.07)Uses email

1.55 (1.38-1.75)<.0017.190.44 (0.06)Used lower-cost medication
to save money

NS.05–1.95–0.30 (0.15)Used drugs from other
countries to save money

1.92 (1.57-2.36)<.0016.280.65 (0.10)Used alternate therapies to
save money

NS.012.460.26 (0.11)Cannot afford mental care

NS.0042.880.20 (0.07)Cannot afford dental care

NS.151.440.12 (0.08)Cannot afford eye care

NS.091.700.08 (0.05)Worried about paying for
medical bills

NS.071.820.13 (0.07)Goes somewhere other than
a clinic or doctor’s office
when sick

1.21 (1.08-1.36)<.0013.360.19 (0.05)Goes to a clinic or doctor’s
office when sick

1.18 (1.07-1.31)<.0013.390.17 (0.05)Goes to a clinic or doctor’s
office for preventative care

aOR: odds ratio.
bN/A: not applicable.
cAIAN: American Indian or Alaska Native.
dNS: parameter was not significant at α=.001.
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Scheduling an Appointment Using the Internet
We constructed a model to examine the relationship between
the predictor variables and whether or not the survey respondent
scheduled an appointment using the internet (Table 4). With
each successive year, respondents were more likely to schedule
an appointment using the internet (OR 1.30, 95% CI 1.26-1.34).
Older adults were less likely in comparison to younger adults
to schedule an appointment using the internet (OR 0.63, 95%
CI 0.51-0.78). Women were more likely than men to schedule
an appointment using the internet (OR 1.61, 95% CI 1.40-1.85).
Respondents who use the internet frequently were more likely
to schedule an appointment than those not using the internet
frequently (OR 2.75, 95% CI 2.02-3.74). Survey respondents
using email were more likely than respondents not using email

to schedule an appointment using the internet (OR 3.92, 95%
CI 2.78-5.53). Respondents who used alternative therapies in
order to save money were more likely to schedule an
appointment using the internet than those who did not report
using alternative therapies to save money (OR 1.70, 95% CI
1.34-2.16). Respondents who were worried about paying
medical bills in the last 12 months were less likely than those
who did not report being worried about paying medical bills to
schedule an appointment using the internet (OR 0.77, 95% CI
0.66-0.89). Respondents going to a clinic or doctor’s office for
preventative care were more likely to schedule an appointment
using the internet than those who did not report going to a clinic
or doctor’s office for preventative care (OR 1.55, 95% CI
1.33-1.82).

Table 4. The best-fit model predicting the likelihood that an individual schedules a health care appointment using the internet.

ORa (95% CI)P valuet testParameter estimate (SE)Parameter

N/Ab<.001–16.63–537.38 (32.31)Intercept

1.30 (1.26-1.34)<.00116.490.26 (0.02)Year

NSc.02–2.37–0.19 (0.08)Middle-aged

0.63 (0.51-0.78)<.001–4.22–0.46 (0.11)Older adult

1.61 (1.40-1.85)<.0016.630.48 (0.07)Female

NS.51–0.66–0.08 (0.11)Black or African American

NS.18–1.34–0.71 (0.53)AIANd

NS.0042.880.40 (0.14)Asian

NS.37–0.890.20 (0.23)Multiple race

NS.003–3.01–0.37(0.12)Midwest

NS.36–0.92–0.10 (0.11)South

NS.790.260.03 (0.11)West

NS.28–1.10–0.08 (0.07)Not living with spouse or partner

2.75 (2.02-3.74)<.0016.461.01 (0.16)Uses internet frequently (>1 per day)

3.92 (2.78-5.53)<.0017.801.37 (0.18)Uses email

NS.0032.960.26 (0.09)Used lower-cost medication to save money

1.70 (1.34-2.16)<.0014.390.53 (0.12)Used alternate therapies to save money

NS.09–1.67–0.23 (0.14)Cannot afford prescription medicine

NS.032.210.37 (0.17)Cannot afford mental care

NS.02–2.40–0.28 (0.11)Cannot afford dental care

0.77 (0.66-0.89)<.001–3.46–0.26 (0.08)Worried about paying for medical bills

NS.58–0.55–0.07 (0.12)Goes somewhere other than a clinic or
doctor’s office when sick

NS.032.160.18 (0.08)Goes to a clinic or doctor’s office when
sick

1.55 (1.33-1.82)<.0015.500.44 (0.08)Goes to a clinic or doctor’s office for pre-
ventative care

aOR: odds ratio.
bN/A: not applicable.
cNS: parameter was not significant at α=.001.
dAIAN: American Indian or Alaska Native.
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Communicating With a Care Provider Through Email
Using the Internet
We constructed a model to examine the relationship between
the predictor variables and whether or not the survey respondent
communicated with a care provider through email using the
internet (Table 5). With each successive year, respondents were
more likely to communicate with a care provider through email
using the internet (OR 1.24, 95% CI 1.20-1.28). Women were
more likely than men to communicate with a care provider
through email using the internet (OR 1.48, 95% CI 1.28-1.71).
Respondents who use the internet frequently were more likely
to communicate with a care provider through email than those
not using the internet frequently (OR 2.08, 95% CI 1.56-2.76).
Survey respondents using email were more likely than

respondents not using email to communicate with a care provider
through email (OR 5.56, 95% CI 3.84-8.05). Respondents who
could not afford mental care in the last 12 months were more
likely to communicate with a care provider through email using
the internet than those who could afford mental care in the last
12 months (OR 1.92, 95% CI 1.39-2.66). Respondents who
reported going to a clinic or doctor’s office when they were sick
were more likely to communicate with a care provider through
email using the internet than those who did not report going
there when sick (OR 1.32, 95% CI 1.12-1.55). Respondents
who reported going to a clinic or doctor’s office as part of
preventative care were also more likely to communicate with a
care provider through email using the internet than those who
did not seek out preventative care at a clinic or doctor’s office
(OR 1.57, 95% CI 1.34-1.85).
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Table 5. The best-fit model predicting the likelihood that an individual communicated with a care provider through email using the internet.

ORa (95% CI)P valuet testParameter estimate (SE)Parameter

N/Ab<.001–13.45–442.69 (32.92)Intercept

1.24 (1.20-1.28)<.00113.290.22 (0.02)Year

NSc.061.880.16 (0.08)Middle-aged

NS.091.710.18 (0.11)Older adult

1.48 (1.28-1.71)<.0015.340.39 (0.07)Female

NS.890.140.02 (0.13)Black or African American

NS.37–0.90–0.37 (0.42)AIANd

NS.012.500.37 (0.15)Asian

NS.07–1.80–0.44 (0.24)Multiple race

NS.47–0.72–0.09 (0.13)Midwest

NS.43–0.79–0.09 (0.12)South

NS.0072.710.32 (0.12)West

NS.01–2.55–0.19 (0.07)Not living with spouse or partner

2.08 (1.56-2.76)<.0015.040.73 (0.14)Uses internet frequently (>1 per day)

5.56 (3.84-8.05)<.0019.101.72 (0.19)Uses email

NS.121.550.31 (0.20)Skipped medication to save money

NS.15–1.43–0.30 (0.21)Took less medication to save money

NS.0023.180.30 (0.09)Used lower-cost medication

NS.0023.110.41 (0.13)Used alternate therapies

NS.13–1.50–0.24 (0.16)Cannot afford medication

1.92 (1.39-2.66)<.0013.980.65 (0.16)Cannot afford mental care

0.74 (0.57-0.96).02–2.26–0.30 (0.13)Cannot afford dental care

NS.26–1.14–0.19 (0.17)Cannot afford eye care

NS.02–2.35–0.18 (0.08)Worried about a medical bill

NS.390.850.10 (0.12)Goes somewhere other than a clinic or doctor’s office
when sick

1.32 (1.12-1.55)<.0013.320.28 (0.08)Goes to a clinic or doctor’s office when sick

1.57 (1.34-1.85)<.0015.500.45 (0.08)Goes to a clinic or doctor’s office for preventative
care

aOR: odds ratio.
bN/A: not applicable.
cNS: parameter was not significant at α=.001.
dAIAN: American Indian or Alaska Native.

Discussion

Principal Findings
This study used NHIS data, which is weighted to represent
national characteristics, to examine the use of technology for
performing some health care–related tasks over time: looking
up health information using the internet, scheduling an
appointment using the internet, and communicating with a care
provider over email using the internet. Across all our models,
we found that middle-aged and older adult respondents were
significantly less likely to use technology to look up health

information using the internet or schedule an appointment using
the internet versus younger individuals. It has been shown that
some older adults may need additional special usability
requirements due to their inexperience in the use of technology
[21], yet this population is a growing user of technology [30].
This also reaffirmed the results found in the existing literature
[26]. Across all of the variables we investigated, we found that
the rates of looking up health information using the internet,
scheduling an appointment using the internet, and
communicating with a care provider over email using the
internet increased substantially across the study period. This
demonstrates that there is an increasing use and need for these
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services to support larger populations of users including devices
and abilities to engage with technology.

Specifically, our analysis found that middle-aged adults were
found to have a higher OR than older adults (0.83 vs 0.65) for
looking up health information using the internet. We also found
that there were differences in age groups for using technology
to perform health care–related tasks. In terms of searching health
information and scheduling appointments using the internet,
we found differences between men and women, with women
being significantly more likely than men to look up health
information using the internet, schedule an appointment using
the internet, and communicate with a care provider through
email using the internet. There are conflicting results in the
literature related to sex differences in the use of the internet and
technology associated with health-related tasks. Newhouse et
al [31] found that men were more likely to use email
communication for health care than women; however, Baumann
et al [32] found that women were more likely to use the internet
and technology for health-related tasks such as scientific
literature review, communicating with their physician or medical
team, and interpreting the diagnostic test results and medications
used in treatment. These sex differences may be related to the
social construction and perceptions of technology [33]. Future
research needs to explore why these trends are occurring and
what factors are associated with the differences between men
and women especially since there are conflicting results in the
literature about use but also about the factors associated with
the differences in use.

The impact of costs was inconsistent across the different models
in our analysis. With respect to looking up health information
using the internet, there was a significant association with using
lower-cost medications and alternative therapies to save money.
For individuals scheduling a health care appointment using the
internet, respondents who indicated using alternative therapies
to save money were more likely to schedule appointments using
the internet, and surprisingly those who indicated being worried
about paying for medical bills were less likely to schedule
appointments using the internet. Individuals using email to
communicate with a care provider had two different cost-related
variables that were significant. Respondents who reported not
being able to afford mental care were more likely to email, while
those who indicated not being able to afford dental care were
less likely to email. In some ways, the included cost-related
variables did not seem to indicate a consistent response around
cost. This reinforces the notion that determining the extent to
which the cost of care is a barrier is challenging and unclear
[34]. By examining the results across several
cost-of-care–related variables and different elements of health
care, it appears that there may be other barriers whose interaction
with cost impacts the effect of cost as a barrier. As suggested
by Clarke et al [34], and supported by our results, telehealth
research should continue to investigate the ways in which
different types of costs are intertwined with the use of telehealth;
especially as it relates to different avenues of care.

Going to a clinic or doctor’s office for preventative care was
associated with a greater likelihood of looking up health
information using the internet, schedule a health care
appointment using the internet, and communicate with a care

provider through email using the internet. Going to a clinic or
doctor’s office when sick was associated with using technology
to look up health information and communicating with a care
provider through email. This suggests that there is a strong
correlation between respondents’collaboration in their personal
health and the likelihood that they would use telehealth services
to meet these needs. In fact, Sawesi et al [35] found that
information technology platforms can enhance patient
engagement and improve health outcomes. It is crucial that
telehealth research investigate ways in which telehealth can be
used to either support individuals in developing an engagement
in their own health or identify ways to encourage users to
develop an engagement in their own health.

Limitations and Future Work
There are several factors that limit the generalizability of our
analyses. One notable limitation of this research is that it relies
on self-reported survey data and may not fully capture specific
perspectives and opinions about the “why” for some of the
activities reported in the NHIS. Yet, the NHIS data collected
and maintained by the US CDC is widely used [36-38] and the
data, the data design, and the imputation for national
representation are widely documented [39,40]. Future research
should expand on these results to try to identify if these trends
continue or what factors may be driving the differences
identified over time.

This research uses responses from specific questions from 2012
to 2018, as those were the only consecutive years where these
questions were consistent. As a result, being able to project
current and future use of technology for telehealth is limited.
Additionally, the COVID-19 pandemic had a major impact on
health care as it presented a unique situation that resulted in
overcoming many of the traditional barriers to telehealth
adoption [41]. COVID-19 also emphasized the use cases of a
variety of different technological tools that can be used in
telehealth such as chatbots [42]. As our data was limited to data
collected before the COVID-19 pandemic, it is important that
future work examine the impact that the pandemic has had on
the use of telehealth services and if these effects have been
sustained in the following years. Future research should also
investigate the ways in which the pandemic might have impacted
or altered the trends and barriers examined in this research. For
example, it may be interesting to evaluate if the exposure and
use of these tools during the pandemic have had lasting impacts
on the use of the internet tools. To do this, we need similar data
from 2020-2023 or later from the NHIS on the use of telehealth
services to be able to apply time series modeling techniques to
evaluate specific trends in how using telehealth services have
changed over time. Interestingly, some initial work has
suggested that there is a decline in the use of telemedicine
between 2021 and 2022 in the United States, [43] and future
work should evaluate if that trend continues or if the trend prior
to the COVID-19 pandemic continues.

In order to develop a fundamental understanding of the
important barriers, this research did not examine the complex
relationships between demographic and response variables.
Future research should focus on understanding how these
interactions (eg, older women vs middle-aged women vs
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younger women) might be correlated with the respondents’ use
of telehealth. Our models also did not investigate telehealth use
for specific socioeconomic levels. Instead, it includes questions
regarding a respondent’s ability to afford different health care
services, which is different from financial security or
socioeconomic conditions [44].

Conclusions
As telehealth is increasingly becoming an important component
of health care services, it is important to focus on different
aspects of telehealth to determine the demographic
characteristics, behaviors, or opinions that may predict or
influence groups that are likely to face a barrier to using
telehealth services. This study used NHIS data to examine the

use of technology for performing some health care–related tasks
over time: looking up health information using the internet,
scheduling an appointment using the internet, and
communicating with a care provider over email using the
internet. From this analysis, we have found some potential
barriers that may impact a user’s ability to access telehealth
services, as well as differences in the use of these tools for
different groups. Understanding those who are using the internet
for health care–related activities and the barriers that they may
face is important for the design and implementation of these
systems to be as effective as possible. Systems and technology
designers, as well as health care providers, should be aware of
these differences and the impacts they may have on engaging
individuals in their health care.
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Abstract

Background: Cardiac pain has been widely considered to be the primary indicator of coronary artery disease. The presentation
of cardiac pain and associated symptoms vary in women, making it challenging to interpret as cardiac, possibly cardiac, or
noncardiac. Women prefer to consult with family and friends instead of seeking immediate medical care.

Objective: This study aimed to assess the user performance (ie, ease of use, efficiency, and errors) and user satisfaction (System
Usability Scale; SUS) of a progressive web application for women with cardiac pain.

Methods: Following ethics approval, a purposive sample of women aged >18 years with cardiac pain or associated symptoms
lasting >3 months and able to speak and read English was recruited to participate in 2 iterative usability testing cycles. The first
cycle assessed the performance of and satisfaction with at heart using a web application, and the second cycle assessed the
performance of and satisfaction with at heart across various Android and iOS devices. In total, 2 investigators recorded user
comments and documented problems. At the end of the testing session, the participants completed the SUS and 4 semistructured
interview questions.

Results: In total, 10 eligible women participated in usability testing from March 31, 2020, to April 17, 2020 (cycle 1), and from
November 17, 2020, to November 30, 2020 (cycle 2). Women across usability testing cycles had a mean age of 55.6 (SD 7.3)
years, and most (9/10, 90%) were well educated. In total, 50% (5/10) were employed full or part time, and 60% (6/10) earned
>CAD $70,000 (US $48,881.80) annually. Participants across 2 testing cycles reported the overall usability of the at heart
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progressive web application as highly acceptable (mean SUS score 81.75, SD 10.41). In total, 90% (9/10) of participants rated
the user-friendliness of at heart as good or excellent. All participants (10/10, 100%) thought at heart was easy to use and efficient.
Only 2 testing errors were noted as high priority; these were low contrast or small font and clarification that the chatbot was not
a real person. User satisfaction was assessed using themes that emerged from the debrief and 4 semistructured interview questions;
at heart was engaging, comprehensive, understandable, credible, relevant, affirming, personalized, and innovative.

Conclusions: This study provides initial support for the at heart progressive web application for women living with cardiac
pain and symptoms. Ongoing evaluations in phases 3 and 4 should aim to examine the feasibility and acceptability of and the
extent of engagement with the at heart core feature set: Heart Check, Wellness Check, and the library. In addition to assessing
effectiveness in the phase-4 effectiveness-implementation hybrid trial (type I), describing and better understanding the context
for implementation (eg, race and ethnicity and geography) will be necessary.

International Registered Report Identifier (IRRID): RR2-10.1136/bmjopen-2019-033092

(JMIR Hum Factors 2025;12:e57583)   doi:10.2196/57583

KEYWORDS

digital health; chatbot; women; cardiac pain; usability testing; self-management; artificial intelligence; AI

Introduction

Background
Cardiovascular diseases constitute the leading cause of mortality
worldwide, exerting a substantial economic burden on the health
care system [1-4]. As the most prevalent form of cardiovascular
disease, coronary artery disease (CAD) is estimated to be
associated with 8.93 million deaths annually worldwide across
all ages [1]. CAD is a complex condition that varies in clinical
presentation across sexes, with both obstructive (macrovascular)
and nonobstructive (microvascular) CAD being associated with
cardiac pain and other symptoms [5]. Although cardiac pain
has been widely considered to be the primary indicator of CAD
[6], cardiac pain and associated symptoms reported by women
with CAD differ markedly from those reported by men [7,8].
The presentation of cardiac pain and associated symptoms may
vary in frequency, pattern, and distribution in women [8],
making it challenging to interpret as cardiac specific [9].
Similarly, women that undergo a percutaneous coronary
intervention or cardiac surgery report higher prevalence of
persistent pain of moderate to severe intensity after treatment
as compared to men [10-12]. This cardiac pain is often described
by women as sharp and burning and may present with varying
extent of dyspnea, fatigue, anxiety, and discomfort that may
radiate to the jaws, shoulders, back, and arms [6,8,13]. The
manifestations of cardiac pain and associated symptoms
contribute to substantial morbidity and impairments in
health-related quality of life (HRQoL) in women [14,15].

The complex presentation of CAD in women poses a challenge
for timely recognition and management of symptoms. Recent
data have shown that women often delay seeking medical care
when experiencing acute cardiac pain or associated symptoms,
with time between symptom onset and emergency department
arrival being 85 to 320 minutes [16]. Women report
experiencing difficulties in interpreting, understanding, and
attributing their cardiac pain or symptoms to CAD, preferring
to consult with family and friends instead of seeking immediate
medical care [17]. Moreover, women often hesitate to seek
medical care for cardiac pain or associated symptoms as a result
of their gendered roles as caregivers [17,18]. Women describe
having gendered roles that they are unable to delegate, such as

providing care for dependent family members [17,18]. The
cumulative effect of symptom underrecognition and hesitancy
in women leads to delayed care-seeking behaviors and an
increased risk of major adverse cardiac events or mortality as
compared to men [6]. As such, it is imperative to promote proper
recognition, assessment, and management of symptoms in
women to improve health outcomes and HRQoL.

Self-management programs are designed to engage users as
active participants in the management of their conditions; they
are key predictors of successful behavior change [19,20]. These
interventions generally use educational strategies designed to
assist users in achieving optimal knowledge, understanding
beliefs, and skills, as well as providing meaningful social
supports [21]. Digital health–based self-management programs
have been developed and effectively used to help women
manage weight [22-25], increase physical activity [26], monitor
for perinatal depression, and assist with postpartum smoking
cessation [27]. Many women describe digital health
interventions as being novel and supportive [22] and effective
in motivating healthy behaviors, reducing symptoms [28], and
improving HRQoL [23]. However, there is a lack of
evidence-informed digital health self-management programs
specifically for women with CAD living with cardiac pain and
associated symptoms [7], demonstrating a clear need for a digital
self-management program.

At heart (formerly HEARTPA♀N) [29], a self-management
progressive web application, was developed for women with
CAD using a sequential phased approach recommended by the
Medical Research Council (MRC) [30-32]. In phase 1, an
integrated mixed methods systematic review was conducted to
evaluate the current evidence related to the self-management
of cardiac pain and associated symptoms (eg, dyspnea and
fatigue) in women [7,29]. The results of the review suggested
that self-management interventions could reduce cardiac pain
and associated symptoms if they targeted a greater proportion
of women (standardized mean difference [SMD]=−0.01; SE
0.003; P=.02), goal setting (SMD=−0.26, 95% CI −0.49 to
−0.03), and collaboration or support from a health care provider
(SMD=−0.57, 95% CI −1.00 to −0.14) [33]. The review also
identified a lack of self-management interventions targeted
specifically for cardiac pain and associated symptoms in women
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[33]. In phase 2A, the content and core feature set, chatbot, and
symptom triage algorithms were co-designed with health care
professionals and women with CAD [29]. In phase 2B, the
usability of at heart was evaluated to ensure that the platform
was intuitive and acceptable for women with cardiac pain, and
it is the focus of this paper. In phase 3, a process and preliminary
efficacy evaluation using a 2-group parallel pilot randomized
controlled trial (RCT) will be undertaken, and then a phase-4
effectiveness-implementation hybrid trial is planned (Figure 1).

Usability testing is an important phase in the development of
digital health interventions [34,35]. End users test a prototype
in iterative cycles; they provide feedback about what works,
what does not work, and where gaps might exist in the
information and functionality [34,35]. These factors contribute
to the frequency of use, understanding, and acceptability and
enhance the likelihood that users will use the end product
[35,36]. Testing the usability of the intervention also serves to
assess the suitability of the platform interface and content [37].

Figure 1. Phases of the at heart progressive web application development.

Objectives
The objectives of this study were to assess the user performance
(ie, ease of use, efficiency, and errors) and user satisfaction
(interviews and System Usability Scale [SUS]) of a progressive
web application for women with cardiac pain.

Methods

Participant Selection
Following ethics approval, a purposive sample of women was
recruited from (1) an ambulatory care hospital focused on
women’s health, (2) an adult tertiary care transitional pain clinic;
(3) the Alberta Provincial Project for Outcome Assessment in
Coronary Heart Disease registry; (4) the CorHealth Ontario
Cardiac Registry; (5) established strategies through the Canadian
Pain Coalition; (6) the Ontario Women’s Health Network’s
listserve, which reaches >1900 women and community
organizations in Ontario, Canada; and (7) social media. The
Ontario Women’s Health Network regularly brought women
who lived in rural and remote areas together, including women
who were disabled, women of color, women with a low income,
and Indigenous and older women. Women were eligible to
participate in the usability testing if they (1) were aged >18
years, (2) had been diagnosed with obstructive or nonobstructive
CAD pain or pain after a percutaneous coronary intervention
or cardiac surgery lasting >3 months, (3) were able to speak
and read English, and (4) had not previously used or tested the
at heart progressive web application. Women were excluded
from the study if they had (1) severe cognitive impairment,
assessed using the Six-Item Screener administered via telephone;
or (2) a major comorbid medical or psychiatric condition that
would preclude their ability to participate in the usability testing.
The Six-Item Screener is a brief instrument for identifying
individuals with cognitive impairment, and its diagnostic
properties are similar to those of the Mini-Mental State
Examination [38,39].

Ethical Considerations
The phase-2B usability testing was approved by the Health
Sciences Research Ethics Board (REB; 36415) at the University
of Toronto on November 26, 2018, and the Health Sciences and
Affiliated Teaching Hospitals REB (6026830) at Queen’s
University on June 20, 2019. An amendment was granted by
the Health Sciences REB (36415) at the University of Toronto
on March 26, 2020, to use secure video- or web conferencing
(Zoom; Zoom Video Communications) for the usability testing
sessions due to COVID-19 pandemic restrictions, which
prohibited in-person participant contact. Informed consent and
a demographic and clinical information form (Multimedia
Appendix 1) were obtained from participants before each
iterative cycle. Participants were identified using a study ID,
and data were stored on a secure OneDrive folder (Microsoft
Corp) accessible only to the principal investigator and research
officer. All participants were compensated with a user-identified
CAD $25 (US $17.52) gift card.

Study Design and Procedures
The usability of the at heart progressive web application focused
on a think-aloud scenario-based approach to assess user
performance (ie, ease of use, efficiency, and errors) and user
satisfaction with at heart's content and functionality assessed
qualitatively through the short scenario debrief questions and
the interviews and quantitatively using the SUS [40]. This
multi-method approach to usability testing is supported by a
recent scoping review [41]. A sample of 10 eligible women was
recruited to participate in the iterative usability testing cycles
(n=5, 50% of the women participated in each of 2 testing cycles).
This sample size was based on the experience of others [42-44],
as well as recommendations that usability testing by 3 to 5 users
can find approximately 85% of interface usability problems
[45,46]. The first cycle tested user performance and satisfaction
on a desktop computer, and the second cycle assessed user
performance and satisfaction across various Android and iOS
devices (ie, smartphones and tablets). Participants were provided
with a brief explanation of the study and the at heart progressive
web application before undergoing a 60- to 90-minute
one-on-one observation period conducted and recorded through
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the Zoom videoconferencing platform. Participants were
introduced to a case of a woman aged 54 years with symptoms
that were “possibly cardiac” [47] and asked to sign in, complete
an event profile (scenario 1), and then progress through a set of
standardized scenarios that incorporated each core feature of at
heart: Heart Check, Wellness Check, and the library (scenarios
2-5; Figure 2).

The “think-aloud” approach was used to capture users’ thought
process and problem-solving as they progressed through at
heart's core features in a systematic manner. After each scenario,
the participants answered two short debrief questions: (1) “What
did you like about the content and functionality of this specific
scenario?” (2) “What did you dislike about the content and
functionality of this specific scenario?”

Figure 2. Usability testing workflow.

In total, 2 investigators also recorded user comments and
documented any problems encountered during each scenario
using the usability testing error and efficiency documentation
form (Multimedia Appendix 2). Three error types were captured
on this form: (1) navigation errors (ie, failure to locate a function
or follow the recommended screen flow), (2) presentation errors
(ie, selection errors due to labeling ambiguities), and (3) control
use errors (ie, improper entry field errors). Four semistructured
interview questions were posed following the think-aloud
scenarios to assess the overall satisfaction with at heart's content
and functionality: (1) “What was your overall impression of the
at heart progressive web application?” (2) “What did you like
or dislike about the at heart progressive web application?” 3)
“Is there anything that could be improved or changed?” (4) “Is
there anything missing from the at heart progressive web
application?” Participants then completed the SUS on the web

using REDCap (Research Electronic Data Capture; Vanderbilt
University), a secure web application. The SUS is a widely used
scale that quantifies the usability of digital health applications.
It consists of 10 questions with Likert scales that range from
strongly agree to strongly disagree, and it has been validated
across a range of interfaces, including web pages and web
applications [40,48,49]. Scores range from 0 to 100, with an
accepted benchmark mean SUS score of 68 (SD 12.5) [40]. One
7-point adjective-anchored Likert scale was added to the bottom
of the SUS so that participants could rate the overall
user-friendliness of at heart as worst imaginable, awful, poor,
ok, good, excellent, or best imaginable. This adjective rating
scale helps inform the absolute usability of a product [50-52],
such as the at heart progressive web application. Numerical
equivalents of 1 (worst imaginable) to 7 (best imaginable) were
assigned to the adjectives for scoring. After the first cycle,
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revisions were made to the prototype, and the revised prototype
was tested in a second usability testing cycle.

At Heart Progressive Web Application
At heart is a novel progressive web application that consists of
3 core features: Heart Check, Wellness Check, and a library.
Users are guided through the core feature set by a rule-based
chatbot that manages content and conversations. An Event
Profile is created on the initial log-in to the progressive web

application (Figure 3). The Event Profile contains individualized
or personalized data that include the quality and location of
cardiac pain or associated symptoms experienced at the time of
the participant’s last heart event (ie, treated in the emergency
department). Female front and back full-body maps were
specifically developed for at heart using the chest pain or
associated symptom locations most commonly described in the
literature [6,8,13,47,53].

Figure 3. Screenshots of the at heart feature Event Profile prototype.

Chatbot Holly asks women the same series of cardiac pain and
symptom assessment questions in the Heart Check, which is
programmed into the at heart progressive web application to
occur every 3 days (Figure 2). The Heart Check can occur more
frequently simply by asking chatbot Holly for a Heart Check.
Rule-based symptom triage algorithms compare each Heart
Check to the individually stored Event Profile to make
recommendations on an appropriate level of care. Level of care
recommendations are based on the similarity and timing of
current cardiac pain or discomfort to that stored Event Profile,
noting similarities between the current and previous descriptions
of the quality (ie, heavy, tight, or pressure), location, radiation,
and associated symptoms. Recommendations are assigned to
one of three categories: (1) red or high risk (ie, similar or
high-risk symptoms that have occurred within 24 hours), (2)
yellow or moderate risk (ie, similar or high-risk symptoms that
have occurred beyond 24 hours but within 7 days), and (3) green
or low risk (ie, no similar or high-risk symptoms). Women who
are categorized as red are encouraged to notify a family member
of their current symptoms and call 911 (ie, to seek appropriate
and urgent assessment of their symptoms). Women who are
categorized as yellow are encouraged to see their primary care
provider within 48 hours, and women who are categorized as
green are permitted access to the at heart progressive web
application. High-risk symptoms are defined as ≥3 new typical
symptom features (ie, dull, heavy, or tight chest pain) [53] or

any new associated symptoms, including shortness of breath;
palpitations; a racing heart rate; or feeling lightheaded, faint,
or dizzy [47].

Women complete the Wellness Check, informed using features
of the Brief Pain Inventory–Interference Subscale [54], to
indicate the degree to which cardiac pain or associated
symptoms interfere with 7 domains of life, which include
general activities, paid and unpaid work, walking, mood,
relations with others, sleep, and overall enjoyment of life (Figure
4). Wellness Checks are programmed to occur every 7 days at
a minimum, and if the score in any domain is below a threshold,
the chatbot uses rule-based algorithms to deliver educational
content from the library.

The library contains scientific papers, each with a lay summary,
covering educational content about CAD in women, with
self-management advice to promote good health and well-being
[29]. The library also contains videos and podcasts from women
with lived experiences of CAD. At heart was evaluated by
Health Canada and deemed not to be a medical device as defined
in the Guidance Document: Software as a Medical Device
(SaMD): Classification Examples [55]. At heart provides
self-management support to women who have CAD and, through
a chatbot, guides women to the most appropriate form of
assessment (ie, primary care and emergent care) based on their
medical symptoms.
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Figure 4. Screenshots of the Heart Check and Wellness Check features of the at heart prototype.

Data Analysis
Quantitative descriptive data from the demographic and clinical
information form and the SUS were analyzed using SPSS
Statistics (version 29; IBM Corp). Debrief feedback from each
of the 5 scenarios with data from the usability testing error and
efficiency documentation form was reviewed after each of the
2 iterative usability testing cycles. Conventional content analysis
as outlined by Sandelowski [56] was used to analyze qualitative
data obtained from the interview questions. In total, 2
researchers independently assigned codes to label key actions,
thoughts, and ideas. Related codes were grouped into categories,
and any disagreements were discussed between the 2
researchers. A list of prototype issues was generated and
prioritized based on risk to patients and ease of improvement
[57]. Modifications were communicated to the website design
and development team. Prototype changes made after the first
cycle were evaluated in the second cycle, and prototype changes
following the second cycle were completed before the phase-3
RCT.

Results

Participant Characteristics
A total of 10 women meeting the eligibility criteria were invited
to participate in the usability testing from March 31, 2020, to
April 17, 2020 (cycle 1), and from November 17, 2020, to
November 30, 2020 (cycle 2). Women across the usability

testing cycles had a mean age of 55.6 (SD 7.3) years, and most
had a diploma (5/10, 50%), an undergraduate degree (2/10,
20%), or a graduate degree (2/10, 20%). Most of the women
were employed full (3/10, 30%) or part time (2/10, 20%) and
earned >CAD $70,000 (US $48,881.80) annually (6/10, 60%);
50% (5/10) lived with a disability, 50% (5/10) were the primary
household earners, and 80% (8/10) were the primary persons
responsible for housework in the home. The women reported
cardiac pain or associated symptoms for 1 to 2 years (3/10,
30%), 2 to 5 years (3/10, 30%), or >5 years (3/10, 30%). The
most common comorbid conditions included depression (4/10,
40%) and anxiety (4/10, 40%), and 40% (4/10) of the women
had had a previous myocardial infarction. Participant
demographics by usability testing cycle are reported in Table
1.

All women (10/10, 100%) had a computer at home and were
comfortable (3/10, 30%) or very comfortable (7/10, 70%) using
a computer, comfortable (1/10, 10%) or very comfortable (9/10,
90%) using the internet, and comfortable (3/10, 30%) or very
comfortable (7/10, 70%) using smartphone or tablet apps.
Participants’ comfort levels and use of the computer, the
internet, and smartphone or tablet apps are reported in Table 2.
All women selected their own devices for usability testing.
Women in the first cycle used only the Google Chrome browser
(5/5, 100%), and women in the second cycle used an iPad mini
version 9.3.5 (1/5, 20%), Samsung Galaxy S10e (1/5, 20%),
iPhone 8 (2/5, 40%), and iPhone 11 (1/5, 20%).
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Table 1. Participant characteristics.

Cycle 2 (n=5)Cycle 1 (n=5)Characteristic

52.8 (8.872)58.4 (4.827)Age (y), mean (SD)

5 (100)5 (100)Gender identity (woman), n (%)

0 (0)0 (0)Indigenous, n (%)

1 (20)1 (20)Identifying as a visible minority, n (%)

3 (60)2 (40)Living with a disability, n (%)

10.2 (8.0)6.6 (5.1)Gendered roles (housework hours), mean (SD)

4 (80)4 (80)Primary person responsible for housework, n (%)

Educational level, n (%)

1 (20)0 (0)High school

3 (60)2 (40)Diploma

0 (0)2 (40)Bachelor’s degree

1 (20)1 (20)Master’s degree

Employment status, n (%)

2 (40)1 (20)Full time

1 (20)1 (20)Part time

2 (40)3 (60)Unemployed

Income, n (%)

1 (20)0 (0)<CAD $15,000 (US $10,474.70)

0 (0)0 (0)CAD $15,000-$29,900 (US $10,474.70-$20,879.50)

1 (20)0 (0)CAD $30,000-$49,900 (US $20,949.40-$34,845.80)

0 (0)1 (20)CAD $50,000-$69,900 (US $34,915.60-$48,812)

1 (20)3 (60)CAD $70,000-$99,900 (US $48,881.80-$69,761.40)

1 (20)1 (20)>CAD $100,000 (US $69,831.20)

1 (20)0 (0)Not reported

4 (80)1 (20)Primary earner, n (%)
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Table 2. Use of the computer, the internet, and smartphone or tablet apps.

Cycle 2 (n=5)Cycle 1 (n=5)Characteristic

5 (100)5 (100)Computer use—home, n (%)

3 (60)2 (40)Computer use—work, n (%)

8 (0.000)6.4 (2.302)Computer hours per week, mean (SD)

Comfortable using computers, n (%)

2 (40)1 (20)Comfortable

3 (60)4 (80)Very comfortable

5 (100)5 (100)Internet use, n (%)

8 (0.000)6.8 (2.168)Internet hours per week, mean (SD)

Comfortable using the internet, n (%)

0 (0)1 (20)Comfortable

5 (100)4 (80)Very comfortable

5 (100)5 (100)Smartphone or tablet app use, n (%)

7 (1.414)6.4 (2.302)Smartphone or tablet app hours per week, mean (SD)

Comfortable using smartphone or tablet apps, n (%)

2 (40)1 (20)Comfortable

3 (60)4 (80)Very comfortable

User Performance
User performance was assessed through ease of use, efficiency,
and observation of testing errors (ie, navigation, presentation,
and control use errors) through each scenario and cycle of
usability testing. Testing errors included those related to
navigation (difficulties moving through or locating content),
presentation (selection errors due to labeling), or control use
(improper entry field errors) across the 5 scenarios in 2 usability
testing cycles (Figure 2). In scenario 1 of cycle 1 (sign-in,
chatbot, and Event Profile), participants reported a low contrast
between the text and the background and small font at sign-in.
Participants also wanted clarification that the chatbot was not
a real person. These were flagged as high priority, and
subsequent revisions included larger font and chatbot and user
text boxes identified using different colors, and a page was
added to the at heart progressive web application to describe
the chatbot, including its development and function. Specific
text included the following: “let me tell you a little more about
myself. I’m an educated chatbot, thoughtfully designed by a
group of women’s heart health experts. I’ll be here to help you
understand more about your heart pain/discomfort through
regular check-ins, and I’ll send you tips and tricks for managing
that pain. If you want to learn more about my makers, the same
ones who named me Holly, go to the menu above...” A summary
of suggestions and subsequent changes made to the progressive
web application during usability testing cycle 1 is shown in
Table 3.

The scenarios were repeated in the second cycle to assess user
performance and user satisfaction across various Android and

iOS devices (ie, smartphones and tablets). In scenario 1 of cycle
2 (sign-in, chatbot, and Event Profile), participants requested
clarification on the terminology used in some of the questions
at sign-in, so descriptors and more answers were added to these
questions. Participants also had difficulty choosing specific
areas on the body map, so the body maps were subsequently
amended. In scenario 2 of cycle 2 (chatbot-guided workflow
for the Heart Check), participants appeared confused with the
order and speed of the questions delivered by the chatbot. The
chat time stamp was subsequently increased for desktop,
Android, and iOS devices. This allowed women ample time to
read and respond appropriately to the Heart Check questions,
especially those with longer messages and prompts. Finally, the
Heart Check button was reported to be too small and gray, so
the size and contrast were adjusted. The chatbot-guided
workflow for the Wellness Check (scenario 3, cycle 2) required
minor adjustments to ensure that the chatbot selected appropriate
resources from the Wellness Library based on wellness scores
of ≤4. One participant suggested that “anaphylaxis” be added
to the Share My Data section and related articles be added to
the library. As a result, lay summaries were generated, and
scientific papers were added to the library for Kounis syndrome
(n=3) and mast cell activation syndrome (n=2). Kounis
syndrome is a complex multisystem arterial condition caused
by mast cell activation and T-lymphocyte and macrophage
interactions [58]. The resulting allergic, hypersensitivity, and
anaphylactic reactions cause coronary symptoms (ie, cardiac
pain), and this is referred to as Kounis syndrome [59]. A
summary of suggestions and subsequent changes made to the
progressive web application during usability testing cycle 2 is
also shown in Table 3.
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Table 3. Summary of suggestions and subsequent changes during usability testing.

ChangesSuggestions

Cycle 1 (n=5)

Scenario 1—sign-in, chatbot, and Event Profile

Larger font and chatbot and user text boxes identified using dif-
ferent colors were implemented.

There was a low contrast between the text and the background and small
font at sign-in.

A page was added to the at heart progressive web application to
describe the chatbot, including its development and function.

Clarification that the chatbot is not a real person was requested.

Directions for completing the body map were enhanced.Participants selected only 1 descriptor on the body map and reported lack
of clarity that more than one descriptor could be selected.

Scenario 2—Heart Check

NoneNone

Scenario 3—Wellness Check

NoneNone

Scenario 4—library

The Favorites section was moved to the top of the screen and
identified with a larger icon that represented a heart.

Participants had difficulty locating the Favorites section of the library.

Scenario 5—library retrieval and notes

NoneNone

Other

NoneNone

Cycle 2 (n=5)

Scenario 1—sign-in, chatbot, and Event Profile

Descriptors and more answers were added to the questions for
clarity.

Participants requested clarification on the terminology used in some of
the questions at sign-in.

The body maps were subsequently amended to include axillae
and body map descriptors.

Participants had difficulty choosing specific areas on the body map to
describe their symptoms.

Scenario 2—Heart Check

The chat speed was reduced for desktop, Android, and iOS de-
vices.

Participants appeared confused with the order and speed of the questions
delivered by the chatbot.

The size and contrast of the “Heart Check” button were adjusted.The Heart Check button was reported to be too small and gray.

Scenario 3—Wellness Check

Minor adjustments were made to the rules to ensure that the
chatbot selected appropriate resources from the wellness library
based on wellness scores of ≤4.

The chatbot says the following: “based on what you’ve told me, here are
some topics...” However, the chatbot presented all topics even for wellness
scores that were excellent (ie, the readings from the library did not appear
tailored to the needs of each participant).

Scenario 4—library

NoneNone

Scenario 5—library retrieval and notes

NoneNone

Other

This was added.Add anaphylaxis to the Share My Data section.

Lay summaries were generated and scientific papers were added
to the library for Kounis syndrome (n=3) and mast cell activation
syndrome (n=2).

Add anaphylaxis articles to the library as they related to women and heart
disease.

The introduction and the content of the Share My Data section
were enhanced.

Participants requested to have a more robust Share My Data section, with
opportunity to record medications and other comorbid conditions.

JMIR Hum Factors 2025 | vol. 12 | e57583 | p.874https://humanfactors.jmir.org/2025/1/e57583
(page number not for citation purposes)

Parry et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


User Satisfaction

Overview
User satisfaction was assessed using the SUS and the 4
semistructured interview questions. Overall, 10 participants
across 2 cycles of testing reported the overall usability of the
at heart progressive web application as highly acceptable (mean
SUS score 81.75, SD 10.41). There was no difference in SUS
scores between cycle 1 (mean SUS score 81.5, SD 8.59) and
cycle 2 (mean SUS score 82.0, SD 13.04; t8=−0.72, 95% CI
−16.6 to 15.6). A total of 90% (9/10) of the participants rated
the user-friendliness of at heart as good or excellent. All
participants (10/10, 100%) thought that at heart was easy to
use (SUS question 3; ie, most women could learn to use at heart
very quickly):

I think everything was pretty straightforward. It was
overall really, really good. [Cycle 2; participant 3]

None of the participants indicated that they would need the
support of a technical person to be able to use at heart (SUS
question 4), and 80% (8/10) of the participants found the various
functions in at heart well integrated (SUS question 5) with
minimal inconsistencies (SUS question 6):

Well...I was a bit worried it might be confusing, but
it’s not confusing at all. It’s very intuitive, it, you’ve
built it so it’s similar to a lot of other apps out there,
right? So, clicking here, you know, submitting the
button. So, it seems to be pretty normal as far, it looks,
the same look and feel as other apps that are out there
which are good. It seems to be easy. I’m not a tech
person, so I wanted to make sure that—I was nervous
that I wasn’t going to be able to manage it because
I, I’m not great with technology, but it was easy. So,
yeah. I mean, I think it’s a great tool. [Cycle 2;
participant 5]

A total of 8 themes emerged from the interview data (ie,
engaging, comprehensive, understandable, credible, relevant,
affirming, personalized, and innovative) and can be found in
Multimedia Appendix 3.

Engaging
Participants commented on the layout, visual appeal, language,
and name and logo of the progressive web application. They
found the content easy to read and maneuver. Important content
was highlighted, and participants reported this to be helpful.
Article summaries were presented in larger font and used lay
language. At the outset of this study, the progressive web
application was named HEARTPA♀N [29]. Participants
recommended a name change to one that was less focused on
pain as many women describe their cardiac pain as discomfort
and have other associated symptoms (eg, dyspnea and fatigue).
They felt that the name at heart was more personally welcoming
and less focused on pain. The heart logo was simple yet
distinctive and recognizable.

Comprehensive
Participants indicated that the progressive web application
provided necessary information for helping them make decisions
about their cardiac symptoms. They liked that it was specific

to women and that they could search through the library to
improve their knowledge about wellness and women’s heart
health. Participants also commented that the chatbot assisted
them in making decisions:

...the bot kind of identifies for me what the big blind
spots are that I am perhaps not noticing.

Understandable
Participants indicated that at heart was intuitive, the content
made sense, and it flowed well. The tone and the language were
suitable and clear. Participants commented on the
appropriateness of the associated symptom descriptors included
in the Event Profile and Heart Check.

Credible
Participants liked that at heart was developed as a living
progressive web application. They particularly liked the breadth
and depth of scientific articles and lay summaries included in
the at heart library. Participants valued having an
evidence-informed digital health self-management program
specifically designed for women with CAD living with cardiac
pain and associated symptoms.

Relevant
Participants commented on the relevance and accessibility of
content in the at heart library. The chatbot asked relevant
questions and was able to use rule-based algorithms to provide
advice to women about timely assessment in the emergency
department. They particularly noted the relevance of having
their Event Profile and Heart Check information stored so that
they could refer to it when visiting their health care providers.
The content was applicable to their everyday lives.

Affirming
Participants looked for affirmation from at heart's chatbot when
they were having cardiac symptoms. They indicated that they
would have otherwise consulted with family members or
Facebook group members for guidance. Affirmation of
symptoms was important to women, and they appreciated the
high-alert messages to seek urgent care immediately.

Personalized
Participants liked the chatbot. They found it to be personal,
immediately interactive, accessible, calming, and friendly. They
commented that the chatbot may help make them feel less alone
if they went to the emergency room because it checked in with
them to see how they were doing. The chatbot provided comfort
at times when participants felt scared. Participants also valued
the videos and podcasts as they also helped them feel that they
were not alone in their experience with heart disease.

Innovative
Participants felt that at heart provided an opportunity for further
research focused on women’s heart health. They were willing
to share anonymized data on socioeconomics, risk factors,
gynecological or obstetrics history, lifestyle, medications, and
other conditions (eg, arthritis or depression) to improve
outcomes for women at risk of or with heart disease. Participants
also valued the ability to journal and take notes in the
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progressive web application. They valued the opportunities that
at heart could provide to women who live in more isolated areas
or those who live alone. The at heart progressive web
application was described as all-encompassing, covering
necessary content to improve knowledge and decision-making,
with a chatbot to ask questions and deliver information in a
comforting manner.

Discussion

Principal Findings
There is growing support for the importance of usability testing
for mobile health and eHealth innovations [60-62]. Usability
testing incorporates an iterative process of testing and refining
to meet end-user needs [63]. The objectives of this study were
to assess the user performance (ie, ease of use, efficiency, and
errors) and user satisfaction (SUS) of a progressive web
application for women with cardiac pain. User performance was
assessed through ease of use, efficiency, and observation of
testing errors (ie, navigation, presentation, and control use
errors) through 5 brief scenarios and 2 cycles of usability testing.

The overall usability of the at heart progressive web application
was rated highly by 10 participants who completed the usability
testing cycles; the progressive web application was easy to use
and efficient. However, 2 high-priority testing errors were
identified during the usability testing cycles. The first involved
small font at sign-in and low contrast between the text and
background, and these were corrected by enlarging the font and
making alterations to the text and background colors. The second
was to clarify that the chatbot was not a real person. A
significant amount of time was committed to addressing
potential language challenges during the development of the
chatbot, and there were no technical, design, or language
challenges identified during the usability testing cycles. In fact,
the design and language or conversation of the chatbot appeared
to mimic human-to-human interaction so closely that participants
requested confirmation that the chatbot was actually nonhuman.

The at heart chatbot is a simple rule-based conversational agent
designed to mimic human-to-human interaction at sign-in and
creation of an Event Profile and during completion of the Heart
Check and Wellness Check. Our previous systematic review
and meta-analysis indicated that self-management programs
were more effective in reducing cardiac pain and associated
symptoms (eg, dyspnea and fatigue) in women if they included
collaboration and support from health care providers [33].
Chatbots are conversational agents able to promote health and
provide education and support [64]. Their use in health care is
still in a developmental stage; they could improve access to care
and health care provider–patient communication, but more
evidence is needed. Technical, design (ie, lack of empathy), and
language challenges [65] can impede the integration of chatbot
technologies into health care [64]. Adopting user-centered and
theory-based designs, optimizing user experiences, and
addressing patient concerns can improve chatbot uptake and
use [64]. Our chatbot relies on scripted computational
algorithms, with specific rules for its text-based conversations
[66]. More advanced human-machine conversation is now based
on natural language processing and large language models that

use artificial intelligence methods to learn, understand, and
produce structured language content [66,67]. Health care
delivery is rapidly changing and is driven by social, scientific,
and technological change; our future chatbot may need to
emulate person-to-person conversation through dialogue and
body movements, with appropriate expressions of empathy and
compassion [68]. We are really at a cusp in health care; growth
in chatbot use will be driven by a desire for health and wellness
and 24-hour access to care, with a growing number of platforms
from which to build an intelligent and emotive chatbot in the
future [69].

At heart is the first of its kind; no smartphone- or web-based
self-management program has been co-designed and
systematically developed with women who have lived
experience (phase 2A) and then tested with women who have
cardiac pain (phase 2B). We used the individual and family
self-management theory [70,71], mobile device functionality,
and the pervasive information architecture of mobile health
interventions [72] and followed the MRC’s guidance for
developing complex interventions [30-32]. At heart was
designed as a progressive web application aimed at delivering
nativelike user experiences regardless of the browser or the
mobile device [73]. This study identified that the
comprehensiveness and credibility of the information was
important to women. The information helped them understand
more about CAD and wellness and provided them with guidance
in decision-making. At inception, women clearly articulated
the need for a web application that was accessible across
Android and iOS operating systems, including computers,
smartphones, and tablets. In phase 1, women identified the need
to access the library anytime and anywhere (eg, while waiting
for dental appointments). As women were involved at the outset
in co-design, no other significant user performance or
satisfaction–related issues were identified. Female front and
back full-body maps were specifically developed for at heart
using the chest pain or associated symptom locations most
commonly described in the literature [6,8,13,47,53]. These
required only minor refinements during usability testing (ie,
more precise identification of the axillae). Importantly,
participants also viewed at heart as a way to contribute to the
future of women’s heart health. Women feel “stopped at the
gate,” and they want to take charge and advocate for better
awareness, education, diagnosis, and management [74].

Limitations and Strengths
First, usability testing was conducted on a predominantly
affluent sample of participants, which limits the generalizability
of our results. A total of 60% (6/10) of the participants who
took part in usability testing earned >CAD $70,000 (US
$48,881.80) annually. They were also well educated, and most
(8/10, 80%) were White. Canada is known for its diversity in
race and ethnicities— over 450 ethnic or cultural origins were
reported in the 2021 census [75]. A total of 1 out of 5 people
in Canada is born elsewhere; the 3 largest visible ethnic groups
are South Asian, Chinese, and Black individuals, representing
60% of the Canadian racial and ethnic populations [76].
Although this was a limitation in the sample for the usability
testing, this is not a limitation specific to the at heart progressive
web application. In fact, the at heart library contains heart
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disease and heart wellness scientific papers and lay summaries
related to South Asian and Indigenous people. These include
risk and traditional practices such as drumming and healing and
talking circles. However, it will be necessary to include a more
diverse sample of women that encompasses those in less
populous areas where age-standardized cardiovascular-related
deaths in women are highest [77]. It will also be important to
target recruitment of women from South Asian and
Afro-Caribbean races and ethnicities, those with disabilities,
those of a lower socioeconomic status, and those across age and
gender identities who also experience greater risk of
cardiovascular disease [77-79].

In addition, heterogeneous use of platforms and devices may
also be a limitation to the usability testing. Progressive web
applications are designed to work across platforms, eliminating
the cost, fragmentation, and need to develop the same
application several times for multiple platforms. They are
designed to behave like mobile apps, working seamlessly across
Android and iOS devices. However, past research indicates that
progressive web applications may not be as smooth as mobile
apps on Android devices [80]. Our sample size was limited, and
only 10% (1/10) of the participants used an Android device for
testing. Further research is needed to evaluate the usability of
the at heart progressive web application across various platforms
and devices. The phase-3 pilot RCT will determine the
feasibility of implementing the at heart intervention, including
the feasibility of randomization, recruitment, and retention;
acceptability and barriers to implementing the intervention; and
the extent of engagement with the intervention. The phase-4
effectiveness-implementation hybrid trial (type I) will
investigate the effectiveness and implementation of at heart
among women living in Canada using the practical, robust
implementation and sustainability model [81]. The MRC [30-32]
discusses 4 phases of complex intervention research (eg,
development, feasibility, evaluation, and implementation) and
the importance of refinements with each phase transition
depending on the context [70,71] in which the intervention is
evaluated and implemented. The practical, robust
implementation and sustainability model [81] aligns contextual
needs with intervention design using an inequity, systems
thinking, and cocreation engagement approach. Context will be
addressed by considering the individual perspectives on the

intervention, external environment, characteristics of those
receiving the intervention, and supports and resources needed
to deliver the intervention [81]. Recruiting representative
populations can be improved through strengthened community
partnerships in governance and decision-making [82-84], and
this will be a focus in subsequent phases of this research.

Second, remote usability testing methods were used during the
COVID-19 pandemic. Testing a technology’s usability remotely
has inherent advantages as well as limitations. While participants
can prefer remote testing to in-person testing, it can take longer
for participants to complete tasks during remote testing, more
errors can be made compared to in-person testing sessions, and
context and indirect cues can be missed during remote testing
sessions [85]. However, the approach taken to usability testing
in this study was iterative, comprehensive, and aligned with
methods used by others recently reported in a scoping review
[41]. Of 133 articles included in this scoping review, 105 used
questionnaires, 45 used a think-aloud approach, and 37 used
interviews in their usability testing methods [41]. Moreover,
many studies used a combination of 2 (n=46) or 3 (n=30)
methods of testing, and the SUS was the most reported and
validated questionnaire used to assess satisfaction and usability
[41]. Finally, the at heart chatbot is rule based and designed for
specific functions within the progressive web application. It is
not led by artificial intelligence technologies (ie, natural
language processing or large language models) and, therefore,
may have inherent limitations that were not identified during
the 2 cycles of usability testing (ie, personality, flexibility,
dialogue structure, and conversation complexity or flow) [65].

Conclusions
This study does provide initial support for the at heart
progressive web application for women with cardiac pain.
Participants rated the performance of and satisfaction with this
progressive web application as high. Ongoing evaluations in
phases 3 and 4 should aim to examine the feasibility and
acceptability and the extent of engagement with the at heart
core feature set: Heart Check, Wellness Check, and the library.
In addition to assessing effectiveness in an
effectiveness-implementation hybrid trial (type I), describing
and better understanding the context for implementation (eg,
race and ethnicity and geography) will be necessary.
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Abstract

Background: Chronic pain is among the most common conditions worldwide and requires a multidisciplinary treatment
approach. Spinal cord stimulation is a possible treatment option for pain management; however, patients undergoing this intervention
require close follow-up, which is not always feasible. eHealth apps offer opportunities for improved patient follow-up, although
adherence to these apps tends to decrease over time, with rates dropping to approximately 60%. To improve adherence to remote
follow-up, we developed a remote follow-up system consisting of a mobile app for patients, a website for health care professionals,
and a remote support center.

Objective: Our objective was to evaluate patient adherence to remote follow-up using a system that includes a mobile app and
a remote support center.

Methods: After review of the literature and approval of the design of the follow-up system by a multidisciplinary committee,
a team of experts developed a system based on a mobile app, a website for health care professionals, and a remote support center.
The system was developed in collaboration with health care professionals and uses validated scales to capture patients’ clinical
data at each stage of treatment (ie, pretreatment phase, trial phase, and implantation phase). Data were collected prospectively
between January 2020 to August 2023, including the number of total surveys sent, surveys completed, SMS text message reminders
sent, and reminder calls made.

Results: A total of 64 patients were included (n=40 women, 62.5%) in the study. By the end of the study, 19 (29.7%) patients
remained in the pretreatment phase, 8 (12.5%) patients had completed the trial phase, and 37 (57.8%) reached the implantation
phase. The mean follow-up period was 15.30 (SD 9.43) months. A total of 1574 surveys were sent, along with 488 SMS text
message reminders and 53 reminder calls. The mean adherence rate decreased from 94.53% (SD 20.63%) during the pretreatment
phase to 65.68% (SD 23.49%) in the implantation phase, with an overall mean adherence rate of 87.37% (SD 15.37%) for the
app. ANOVA showed that adherence was significantly higher in the earlier phases of treatment (P<.001).

Conclusions: Our remote follow-up system, supported by a remote support center improves adherence to follow-up in later
phases of treatment, although adherence decreased over time. Further studies are needed to investigate the relationship between
adherence to the app and pain management.

(JMIR Hum Factors 2025;12:e60160)   doi:10.2196/60160

KEYWORDS

pain management; mobile health; mHealth; eHealth; chronic pain; support center; mobile phone app; survey; follow-up; pain
control; prospective study

Introduction

Chronic pain is one of the most common conditions globally
and is associated with reduced quality of life, increased medical
expenses, and significant economic costs [1]. Its prevalence
ranges between 2%‐40% [1-3], and annual health care costs

due to pain amount to US $300 billion in the United States [1]
and €12 billion ( US $12.3 billion) in Norway [2].

The treatment of chronic pain requires a multidisciplinary
approach, with spinal cord stimulation being a potential
treatment option. This technique is safe and effective [4] and
has also shown benefits in management of other chronic pain
conditions, such as complex regional pain syndromes, low back
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pain, and other forms of pain. However, ensuring consistent
follow-up for these patients is challenging, as they require close
monitoring, which is not always feasible.

New technologies have opened up a lot of possibilities to address
this challenge. The World Health Organization defines eHealth
as the cost-effective and secure use of information and
communication technologies to support health and health-related
areas, including health services, health monitoring, health
literature, health education, and knowledge and research [5].

There are numerous tools designed to facilitate medical care,
including mobile apps, websites, and other platforms. While
there is limited evidence to support their use, preliminary results
are promising. For example, mobile apps used alongside
conventional treatments have shown better results in the
management of chronic pain than conventional interventions
alone [6,7].

eHealth apps also offer an opportunity for closer patient
follow-up, although adherence to treatment tends to decline
over time, dropping to approximately 60%, as previous studies
have shown [8,9]. To address this challenge, we have developed
a system that includes a mobile app for patients, a website for
health care professionals, and a remote support center.

The aim of this study is to assess patient adherence to follow-up
care using a mobile app supported by a remote support center.

Methods

Overview
In 2019, researchers at the Department of Pain Surgery at
Hospital Virgen de las Nieves in Granada, Spain, initiated
approaches to improve the remote monitoring of patients
implanted with epidural spinal cord stimulators for chronic pain
management. The aim was to reduce the number of face-to-face
consultations or hospital visits while providing additional
support to these patients. Therefore, we decided to develop an
app complemented by a support center to improve patient
monitoring as much as possible. After reviewing the relevant
literature, we adapted the tool kit published by Marvel et al [10]
to suit our needs, following the four key steps outlined in Table
1. As we already had a multidisciplinary group, we sought the
agreement of existing team members and assembled a group of
experts. Instead of accelerating the project, we adapted our
current workflows and protocols to the new working framework.
We also developed the follow-up system after adapting the
protocols already in place and enrolled patients only after the
system was finalized.

Table . Project phases.

Project workflow (current study)Johns Hopkins tool stepsa

Define the problem and the digital toolDefine the problem and the digital tool

Creation of an expert team, approval by a multidisciplinary groupCreation of a multidisciplinary group

Adaptation of the existing clinical and educational protocol into the
framework of the remote follow-up system

Seeking opportunities to accelerate the project

Designing the follow-up system, considering the needs of the involved
professionals, and subsequent enrollment of patients

Involving professionals

Performing quality assessmentConsulting different partners

Conducting a clinical validationConducting a clinical validation

aMarvel et al [10].

The concept of a remote follow-up system was presented to a
multidisciplinary committee composed of anesthesiologists,
neurologists, neurosurgeons, neurophysiologists, and
rehabilitation specialists. This committee meets monthly to
assess patients with chronic pain who may benefit from
interventional therapies such as spinal cord stimulation when
conservative treatments have failed. The target population was

identified as patients who could benefit from spinal cord
stimulation and had not yet started the trial phase, to enable data
collection before and after implantation.

The inclusion criteria for patients eligible for spinal cord
stimulation system implantation at our center are shown in
Textbox 1.

Textbox 1. Inclusion criteria.

• Chronic pain in a specific area of the body (patients experiencing diffuse pain were not accepted)

• Failure of conservative treatments, including rehabilitation and local infiltration

• A favorable psychological evaluation confirming that the patient can wear a spinal cord stimulation system

• No contraindications to surgery or allergies to system components

• No history or current substance use, especially opioids

Once the committee had approved the implantation of a spinal
cord stimulator, the procedure was performed in 2 phases, as
shown in Figure 1. In the trial phase, one or more electrodes

were implanted in the epidural space and connected to an
external stimulator. The efficacy of the system was then assessed
over a 4-week period using the verbal numerical rating score
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(VNRS). The intervention was considered effective if the
patient’s reported subjective perception of pain relief was at
least 50%. If the trial phase was successful, it was followed by
the implantation phase, in which a permanent stimulator was

implanted in the adipose tissue of the abdomen or lower back.
If the 50% threshold was not reached, the system was removed
completely.

Figure 1. Algorithm used to evaluate the implantation of the spinal cord stimulation system.

Ethical Considerations
Ethics approval was obtained from the Comité de Investigación
Provincial de Granada (study: NC-D-01; ethics committee
reference: SICEIA-2020‐000438), and informed consent for
the procedure and follow-up system was obtained from all
included patients. To maintain privacy, each patient was
assigned a code with a number so that only health care
professionals could access the personal data. The platform meets
all the standards of Regulation (EU) 2016/679 of the European
Parliament and of the Council of April 27, 2016, and has been
approved by local and state authorities. This ensures that only
health care professionals can access all the data collected and
that data security is contractually guaranteed. The study
participants have not been compensated in any way.

Design of the Follow-Up System
The remote follow-up system consists of 3 main components:
a mobile app for patients, a website for health care professionals,
and a remote follow-up center. The mobile app was designed
to ensure close monitoring during all phases of treatment, using
feedback from all health care professionals involved. The app
was developed in collaboration with Clinical Care Connect
(Persei) and customized by our team to meet our specific needs.
It offers various features including educational content such as
brochures and videos, questionnaires with validated scales,
pop-up notifications, and a form to contact the remote support
center. The validated scales used include Doleur Neuropathique
4 (DN4) to assess neuropathic pain, Oswestry Disability
Index/Neck Disability Index (ODI/NDI) to assess back pain,
VNRS to assess pain, and 36-item Short Form Survey (SF-36)
to assess quality of life. In addition, patient-reported experience

measures were used to assess experience and satisfaction with
the app. Since pain is a subjective perception, the use of
validated scales can help to measure it and compare it between
patients.

The website designed by Persei (Vivarium S.L., Spain) can be
accessed from anywhere with the necessary authorizations. It
also provides alerts using different colors depending on the
urgency of the detected problem: red for infection, yellow for
insufficient pain relief, and blue for low battery. These alerts
are monitored by the remote support center, which contacts the
specialist by making a telephone call if necessary, such as, in
the event of an infection. For nonemergency issues, such as
insufficient pain relief, the support center contacts the patient
to analyze the cause, and a priority appointment for treatment
is scheduled. This remote support center was set up to increase
the efficiency of treatment and improve pain management. The
aim was to maximize treatment adherence and ensure the
sustainability of the remote follow-up system. Previously,
follow-up was carried out 1 month after implantation, 1 year
after implantation, and subsequently, as required.

Data Collection and Analysis
We collected data from all patients who were approved for
spinal cord stimulation between January 2020 and August 2023
and enrolled in the remote monitoring program. If the committee
approved the patient for spinal cord stimulation, informed
consent for the remote follow-up system was obtained in
addition to consent for implantation. Data were collected
automatically and prospectively through surveys completed via
the app. The questionnaires were distributed according to the
protocol shown in Textbox 2.

JMIR Hum Factors 2025 | vol. 12 | e60160 | p.885https://humanfactors.jmir.org/2025/1/e60160
(page number not for citation purposes)

Gómez-González et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Textbox 2. Protocol used to send validated scales.

Validated scales used in the protocol used by the Virgen de las Nieves Hospital

• Pretreatment phase: Doleur Neuropathique 4 (DN4), verbal numerical rating score (VNRS), Oswestry Disability Index/Neck Disability Index
(ODI/NDI), 36-item Short Form Survey (SF-36)

• Trial phase: Daily VNRS and patient-reported experience measures (PREMs) at the end of the trial phase

• Implantation phase: DN4, VNRS, ODI, and SF-36 after 1 and every 3 months; the PREMs survey was also distributed after 12 months

The support center sends a notification each time a survey needs
to be completed, for a maximum of 3 times. If the questionnaires
were not completed, a notification was sent to the hospital so
that a specialized caregiver can contact the patient. One of the
biggest challenges was ensuring privacy. To achieve this, each
patient was coded with a number so that only health care
professionals had access to the personal data and that data
security was contractually guaranteed.

The data were collected automatically when a survey was
answered via the app and stored in a private cloud. This allowed
us to minimize potential errors. In addition, the support center
guaranteed that the data collected via the app belonged to our
hospital’s patients and was only accessed and analyzed when a
specialist at our center requested it. Demographic information
was collected for data analysis. Adherence was measured by
calculating the percentage of completed surveys relative to the
total number of surveys sent. We analyzed adherence rate during
each treatment phase and for the overall study, and compared
adherence by demographic variables using ANOVA, adjusting

for gender, age, diagnosis, and phase. Age was categorized into
2 groups, with 40 years as the cutoff point, since previous studies
have found significant differences in prevalence rates for chronic
pain and quality of life [11]. Regarding completeness, we only
considered a survey as answered if it was completed. If data
were missing, a notification was sent to the patient to complete
the survey.

Results

Between January 2020 and August 2023, a total of 64 patients
were enrolled in the study, comprising 24 (37.5%) men and 40
(62.5%) women. While identifying the cause of pain, 32 (50%)
patients had complex regional pain syndromes, 18 (28%) had
failed back syndrome, and 14 (22%) had other diagnoses such
as phantom limb syndrome, adhesive arachnoiditis, coccydynia,
and axonotmesis. Before the onset of pain, 19 (28%) patients
had no fixed occupation, while 10 (18%) were involved in
nonphysical and 35 (55%) in physical occupations such as
farming or construction (Table 2).

Table . Summary of epidemiological data.

Patients (N=64), n (%)Variables

Gender

24 (38)    Men

40 (63)    Women

Age interval

9 (14)    <40 years

55 (86)    ≥40 years

Diagnoses

32 (50)    CRPSa

18 (22)    FBSb

14 (18)    Others

Occupation

35 (55)    Physical occupation

19 (18)    Nonphysical occupation

10 (28)    No fixed occupation

Phase

19 (30)    Pretreatment

8 (13)    Trial

37 (58)    Implantation

aCRPS: chronic regional pain syndrome.
bFBS: failed back syndrome.
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At the end of the study, 19 (30%) patients were in the
pretreatment group, awaiting the start of the trial phase. A total
of 8 (13%) patients reached the trial phase but were not
transferred to the implantation phase due to insufficient
improvement in pain management. Further, a total of 37 (58%)
patients advanced to the implantation phase (Table 2).

A total of 1586 surveys were distributed during the study. SMS
text message notifications had to be sent to the patients 488

times, which corresponded to a mean of 7.62 (SD 7.57) SMS
text messages per patient. However, 8 (13%) patients did not
require SMS text messages notifications, while the remaining
(n=56, 88%) patients required at least one notification (Figure
2). It was observed that several patients required more than 30
notifications. In addition, a total of 53 phone calls were made
to remind patients to complete the surveys; however, 43 (67%)
patients did not require any reminder calls.

Figure 2. Histogram with a normality curve showing the number of patients in groups (frequency) based on the number of required notifications
(notifications).

The mean follow-up time was 15.38 (SD 9.43) months. A total
of 12 (19%) patients were lost to follow-up, and 3 (4%) patients
discontinued using the app (ie, 1 during the pretreatment phase
and 2 patients during the implantation phase). For patients who
discontinued using the app, any surveys not answered by them
were considered failures.

Adherence was analyzed for each phase and overall, as shown
in Figure 3, which represents the total number of surveys sent
and answered in each phase, as well as the adherence rate in
each phase. During the pretreatment phase, 256 surveys were
sent, of which 242 were completed, corresponding to a mean

adherence rate of 94.53% (SD 20.63%). During the trial phase,
645 surveys were sent, of which 499 were answered,
corresponding to a mean adherence rate of 77.36% (SD 37.01%).
During the implantation phase, 624 surveys were sent, of which
422 were answered, corresponding to a mean adherence of
65.68% (SD 23.49%). A total of 61 satisfaction surveys were
sent (excluding 3 patients who discontinued using the app), of
which 55 were answered, corresponding to a mean adherence
rate of 92.11% (SD 18.47%). The overall mean adherence rate
for using the app was 87.37% (SD 15.37%) across all phases
(Table 3).
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Figure 3. Surveys and adherence rate.

Table . Summary of surveys sent and answered and adherence in each phase.

Adherence rateb (%), mean (SDc)Surveys answered, naSurveys sent, naPhase

94.53 (20.63)242256Pretreatment phase

77.36 (37.01)499645Trial phase

65.68 (23.49)422624Implantation phase

92.11 (18.47)5561Satisfaction survey

87.37 (15.37)12181586Total adherence

aNumber of surveys during each phase.
bAdherence rate was defined as the total surveys answered x 100/total surveys sent.
cThe SD represents the variability of adherence rates among individual patients.

ANOVA revealed that adherence rates were significantly higher
in the earlier phases of treatment (P<.001). There was also a
trend indicating that women were more likely to complete
satisfaction surveys (P=.17) and surveys in general (P=.64).
However, women also required more SMS text message

reminders (P=.70) and phone calls (P=.71). No significant
differences in treatment adherence were found when comparing
younger patients versus patients older than 40 years or when
comparing adherence to treatment based on the cause of pain
or type of occupation (Table 4).
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Table . Summary of the ANOVA results.

P valueGlobal ad-
herence
(%), mean
(SD)

P valueSatisfaction
survey ad-
herence
(%; n=38),
mean (SD)

P valueImplanta-
tion phase
adherence
(%; n=38),
mean (SD)

P valueTrial phase
adherence
(%; n=43),
mean (SD)

P valuePretreat-
ment phase
adherence
(%; n=64),
mean (SD)

Variables

.80.40.18.49.81Gender

87.4 (15.4)92.1 (18.5)65.7 (23.5)66.7 (23.5)94.5 (20.6)    Total

86.8 (19.1)95.8 (14.4)58.2 (31.3)58.2 (31.3)93.7 (22.4)    Men

87.7 (12.9)90.4 (20.1)69.1 (18.6)69.1 (18.6)95.0 (19.8)    Women

.30.90.74.29.38Age (years)

83.4 (15.4)92.1 (18.5)65.7 (23.5)77.36
(37.0)

94.5 (20.6)    Total

82.5 (14.9)92.9 (18.9)68.4 (19.9)62.9 (42.2)88.9 (33.3)    ≤40

88.2 (15.4)91.3 (18.7)65.1 (25.6)80.2 (34.6)95.5 (18.1)    >40

.35.83.57.63.42Diagnoses

87.4 (15.6)92.1 (18.5)65.7 (23.5)77.4 (37.0)94.5 (10.6)    Total

85.7 (16.9)92.8 (17.9)63.1 (29.9)72.8 (42.2)100 (0)    CRPSa

92.7 (9.7)93.8 (17.7)73.5 (12.8)81.7 (30.2)94.5 (21.8)    FBSb

86.2 (15.9)88.9 (22.0)64.8 (9.7)85.3 (28.3)90.3 (25.9)    Others

.001.67.60.51.61Phase

87.4 (15.4)———c94.5 (20.6)Total

96.1 (12.5)100 (0)77.8 (0)77.8 (21.1)96.1 (12.5)    Pretreat-
ment

94.3 (9.2)91.9 (18.7)65.4 (23.8)65.4 (4)100 (0)    Trial

81.4 (15.2)92.1 (18.5)65.7 (23.5)77.4 (37.0)92.6 (25.6)    Implanta-
tion

aCRPS: complex regional pain syndromes.
bFBS: fail back syndrome.
cNot applicable.

Discussion

Comparison With Previous Research
In recent years, there has been increasing interest in the use of
pain control apps for various purposes, such as postsurgical
follow-up, pain self-management, and chronic pain management
[6-10,12-14]. However, many of these tools have not been as
effective as expected, often due to inadequate planning and a
lack of preliminary studies to anticipate necessary roles [15].
However, some studies have demonstrated that these apps can
outperform traditional follow-up methods [6,14]. Our study
introduces a remote support center, a feature that we believe is
not yet widely adopted internationally. The aim of this study is
to determine whether the inclusion of a support center improves
adherence compared to other systems.

An analysis of the medical apps across various app stores shows
that approximately 86% of these apps were developed without
the involvement of medical professionals [16]. Lalloo et al [17]
examined 1019 apps developed for postoperative pain
management or education and found that only 10 apps met the

established criteria. When evaluating apps developed with the
involvement of health care professionals, only 5 (0.49%) of
them were deemed suitable. Similarly, Bhattarai et al [16]
examined 373 apps focused on arthritis pain self-management
with only 4 apps meeting the Stanford criteria for pain
self-management. Portelli and Eldred [18] evaluated 195 apps
for pain management against the guidelines for cognitive
behavioral therapy. Of these, only 6 (3%) of these apps met the
standards, leading to the conclusion that neither health care
professionals nor patients were involved in their development.
Despite these limitations, a recent meta-analysis of 4767 patients
in 22 randomized trials found that these apps offer a small but
significant improvement in long-term pain management [19].

For patients undergoing spinal cord stimulation, close follow-up
is required to adjust the type and parameters of stimulation,
which usually necessitates face-to-face visits. This increases
the time and cost burdens for patients and caregivers, especially
for those who live far from specialized centers [20]. Our remote
follow-up system was developed to overcome these challenges
and ensure optimal patient monitoring. The mobile app in
combination with the remote support center reduces the need
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for in-person examinations while ensuring a high standard of
care. The app’s alert system helps to detect problems at an early
stage, such as infections or low battery levels so that immediate
action can be taken.

In addition, the use of validated scales during an in-person
consultation is challenging due to the limited time available.
Consequently, this system has allowed a better understanding
of the patient’s condition. Furthermore, some patients have
found that expressing themselves via the app helps them [20]
in experiencing privacy and without any time pressure.

Adherence to medical app use is crucial as studies show that
75% of users stop using an app within 48 hours of downloading,
and 15% delete it after initial use [21]. A review by Wikström
et al [9] found that none of the studies focused on improving
adherence or motivating users to continue using medical apps.
The easiest way to increase motivation is through notifications,
which is why our study focused on the role of the remote support
center. We consider this as a key factor in the success of our
study. However, numerous motivational elements in medical
apps have been analyzed in previous studies, as summarized in
Table 5.

Table . Motivational elements in eHealth apps.

Motivational elementsStudies

AlertsNotifications
and re-
minders

Sharing me-
dia elements

Personalized
follow-up

Follow-up of
auto evalua-
tion and
graphic re-
sults

Educational
texts, pic-
tures, and/or
videos

Involvement
of relatives

ChatTablet lent
to the patient

✓✓✓aAlam et al
[20]

✓✓✓✓Pecorelli et
al [22]

✓✓Perdoncini et
al [23]

✓✓Shah et al
[24]

✓✓✓Davidovitch
et al [25]

✓✓✓✓Felbaum et
al [26]

✓✓✓✓✓Glauser et al
[27]

✓✓✓✓✓Gustavell et
al [28]

✓✓✓✓✓Hou et al
[29]

✓✓✓✓Pickens et al
[30]

✓✓✓✓Timmers et
al [31]

✓✓van der Meij
et al [32]

✓✓Mundi et al
[33]

✓✓✓✓✓✓✓✓This study

aElement analyzed in the corresponding study.

Our remote follow-up system was developed based on relevant
literature to maximize adherence and achieved an overall mean
adherence rate of 87.37% (SD 15.37%). Comparison of this rate
with previous studies is difficult, as most of these focused on
adherence to a treatment or intervention rather than the use of
an app. For example, Gomis-Pastor et al [34] showed that the
use of an app significantly improved adherence to treatment
and medication regimen, which led to significantly better

symptom control, as found in a 2022 review [35]. However,
Wikström et al [9] have shown that adherence to app use
decreases over time, potentially due to improvement in health
status or loss of interest [29], among other factors [26,29,32].
Our study aligns with these findings and shows a decrease in
adherence from 94.53% in the pretreatment phase to 77.36% in
the testing phase and 65.58% in the implantation phase [36-38].
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Limitations
The main limitation of our study is the specificity of the target
population, as spinal cord stimulation is a specialized treatment
for patients experiencing chronic pain. These patients often
display a significant emotional component that can influence
the outcomes of the interventions, posing challenges during
designing this study and its remote follow-up system. In
addition, these systems rely on new technologies that can be
challenging for older patients, potentially limiting their ability
to fully benefit from them. By using self-reported data, we also
acknowledged that omissions or misunderstandings in the
surveys may be introduced, which we attempted to minimize
using validated scales. Finally, setting up a system similar to
this study requires a significant financial investment.

Conclusions
Digital systems are a part of medical care, and it is important
that health care professionals are involved in the development
of tools to ensure the achievement of desired standards. We
have developed a remote monitoring system for patients
undergoing spinal cord stimulation, based on scientific evidence
and supported by a remote support center that improves
treatment adherence. This system also provides us with detailed
information about each patient. However, there is a tendency
for patients to abandon the app usage over time, which could
be related to long-term pain control. Further studies are needed
to investigate the relationship between adherence and pain
control.
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Abstract

Background: Aging brings physical and life changes that could benefit from eHealth services. eHealth holistically combines
technology, tasks, individuals, and contexts, and all these intertwined elements should be considered in eHealth development.
As users’ needs change with life situations, including aging and retirement, it is important to identify these needs at different life
stages to develop eHealth services for well-being and active, healthy lives.

Objective: This study aimed to (1) understand older adults’ everyday lives in terms of well-being and health, (2) investigate
older adults’ needs for eHealth services, and (3) create design recommendations based on the findings.

Methods: A total of 20 older adults from 2 age groups (55 to 74 years: n=12, 60%; >75 years: n=8, 40%) participated in this
qualitative interview study. The data were collected remotely using a cultural probes package that included diary-based tasks,
sentence completion tasks, and 4 background questionnaires; we also performed remote, semistructured interviews. The data
were gathered between the fall of 2020 and the spring of 2021 in Finland as a part of the Toward a Socially Inclusive Digital
Society: Transforming Service Culture (DigiIN) project (2019 to 2025).

Results: In the daily lives of older adults, home-based activities, such as exercising (72/622, 11.6% of mentions), sleeping
(51/622, 8.2% of mentions), and dining and cooking (96/622, 15.4% of mentions), promoted well-being and health. When
discussing their needs for eHealth services, participants highlighted a preference for a chat function. However, they frequently
mentioned barriers and concerns such as the lack of human contact, inefficiency, and difficulties using eHealth systems. Older
adults value flexibility; testing possibilities (eg, trial versions); support for digital services; and relevant, empathetically offered
content with eHealth services on short-term and long-term bases in their changing life situations.

Conclusions: Many older adults value healthy routines and time spent at home. The diversity of older adults’ needs should be
considered by making it possible for them to manage their health safely and flexibly on different devices and channels. eHealth
services should adapt to older adults’ life changes through motivation, personalized content, and appropriate functions. Importantly,
older adults should still have the option to not use eHealth services.

(JMIR Hum Factors 2025;12:e50329)   doi:10.2196/50329
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Introduction

Background
Aging involves physical and life changes [1-4], where eHealth
services have the potential to provide support and benefits [4-7].
The prevalence of many diseases increases with age [8,9], and
multimorbidity is common among people aged ≥65 years
[10,11]. Conversely, healthy behaviors can extend people’s
lives [12-14].

eHealth can help people nurture their health and well-being,
potentially extending their lives. eHealth can also make
treatment more accessible, promote treatment continuity,
enhance communication, help shared decision-making, and
enable patient self-management [10]. Older adults seem to be
generally positive toward eHealth in a health management
context [15]. They can benefit from eHealth services, as they
often have complex health issues and engage in many
self-management tasks supporting their health and well-being
[1,5,16].

However, older adults sometimes face challenges with eHealth
services [5,16,17], including a lack of skills and interest
[3,16,18]. Hirvonen et al [19] reported that some older adults
find the content or functionalities of eHealth services irrelevant
(eg, [20,21]). Sometimes, older adults might even feel that
digital services are not “meant for them” (eg, [20,22]). Thus,
older adults might have a risk of exclusion from digital services
[16,18,23,24] and society [16,23].

Older adults have not always been involved in technological
development, especially in mainstream technology [25-27]. At
the same time, the older population is growing [28], and health
care costs are rising [29]. Stephanidis et al [30] encourage
understanding emerging new technology possibilities and
context-based user needs when designing digital solutions for
the health and well-being (hereafter, eHealth services or
eHealth) of older adults and a better understanding of the role
of technology in older adults’ lives [30]. Ideally, the technology
should be harmonized with these adults’ lives [15].

European older adults regularly engage in work, household
chores, exercise, cultural activities, and tourism [31]. On the
basis of the literature, many older adults in Europe live in rural
areas, where they have easy access to nature and can engage in
refreshing activities [31]. On the other hand, older adults with
urban lifestyles access a variety of services [31]. For example,
in Finland and Sweden, rural areas are in the north and distant
from health care services, and eHealth services offer a promising
option for taking care of one’s health [32]. Physical activities
might support older adults’ health situation during aging. In
2017, in total 43.2% of Europeans aged 50 to 64 years and
44.5% of those aged 65 to 74 years old spent >3 hours per week
engaging in physical activity [31]. On the other hand, older
adults’ daily routines differ. Older adults are a heterogeneous
group of people, and aging is a process, not a static state [33].
Therefore, it is important to obtain qualitative insights into older
adults’ activities. These could help inform the idea and role of
eHealth services and harmonize it with older adults’ routines
[15,30]. We know that older adults use eHealth services, for

example, depending on their digital devices, capabilities,
interests, or education [31,34]. Statistically, 100% of Europeans
have, at least in theory, access to eHealth services or health
information [35].

The best approach to eHealth service development means
selecting the optimal approach case by case [36]. In eHealth,
technology, tasks, individuals, and contexts are holistically
combined, which should all be considered in developments
[36-39]. eHealth services should genuinely support people
pursuing healthier lifestyles and be accessible to all [10],
although older adults may perceive the technology differently
from other generations [1,40]. Humanity is needed alongside
IT. Therefore, design decisions should also help ensure that as
a part of eHealth services development, the human touch of
personal care will not be removed [30,41].

Mapping user needs is important because without understanding
needs, designing high-quality solutions is challenging [42]. User
needs can be defined as the problems that prevent users from
reaching their goals or possibilities to support them in reaching
these goals [43]. User needs can be personal or more social in
nature, and they can be related, for example, to available
information or technology functions [44]. Poor understanding
of users, user needs, and use contexts increases the risk of failure
in eHealth service development [39]. On the other hand, user
needs are not a stable phenomenon; they might change with age
or the use of technology [45]. However, not much is known
about what kind of user needs for eHealth services arise in older
adults’ lives, which is unfortunate because understanding user
needs is a great innovation source [46]. In addition, Hirvonen
et al [19] recommend further investigation into older adults’
eHealth service use as a part of their daily lives.

Goal of This Study
We aimed to understand older adults’ everyday lives in terms
of well-being and health and their needs for eHealth services.
We investigated 2 life stages: working at an older age and life
after retirement, possibly with a chronic disease. We were
interested in the health and well-being practices of 2 age groups
to understand older adults’ needs for eHealth services.
Investigating these aspects allows developers and designers to
better understand how eHealth services can meet older adults’
needs and support their healthy living.

Users’ needs change with life situations, including aging [47].
Therefore, if we want to harmonize eHealth services with older
adults’ everyday use, as is recommended by Cabrita et al [15],
and to support technology development for well-being and an
active, healthy lifestyle, it is important to identify user needs at
different stages of life and daily routines in different life
situations. The research questions were as follows:

1. What is everyday life like for older adults?
2. What kind of needs do older adults have for eHealth

services?

Prior Work

Qualitative Methods for Investigation of Needs
User needs can be explored in many ways. In the
human-computer interaction field [48,49], designers and
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researchers have several methods for investigating user needs.
Soraghan et al [50] and Dickinson et al [51] encourage
researchers and designers to step into older adults’ homes to
assess technology use and empathize with respondents’ lives,
for example, through in-home interviews and observations.
Understanding of older adults can be collected through remote,
semistructured interviews [52]. Projective techniques, such as
cultural probes [53-57] or sentence completion tasks [58], in
which the participants provide information about themselves
(instead of the researcher asking them direct questions), can be
fruitful methods for gaining a deeper understanding of end users
when the topic is challenging to verbalize or includes sensitive
aspects [42]. For example, the sentence completion technique
can be used to gather both an understanding of end users’values
and needs as well as inspirational data for design and discussion
activation [42,59,60].

Cultural probes are designed to trigger older adults to provide
inspirational information about their lives to designers [53].
Following development, they have been widely used for various
purposes, including collecting information about caregivers
[56], investigating patient experiences with an eHealth service
[54], and in other health care contexts [55,57]. Cultural probes
are packages or toolkits of various tasks that end users complete
and document [53]. While cultural probes show potential as a
projective technique for gathering user needs [42], they appear
to be underused in identifying older adults’ needs for eHealth
services.

Older Adults’ Needs and Attitudes Toward Technology
Older adults’ needs and attitudes toward technology vary. For
example, some older adults do not trust computers and find the
terminology and content of computers and digital services
confusing [17,18,61]. They might even fear computers [61].
Their self-confidence with computers is sometimes fragile, and

usability issues can be disastrous for their self-confidence [61].
In addition, older adults as a user group are much more diverse
than many traditional user groups; they may have problems
such as sensory loss, challenges with language, and attitudes to
technology [61].

Many older adults appreciate easy access to eHealth services
and their medical records, which should be offered in an easy,
understandable, and secure way [5,52]. When medical
information has compact and clearly labeled contents in
well-organized menus [62], clear interface language, and linear
navigation [20], this can assist older adults. Backonja et al [47]
recommend eHealth services that adjust functionality and
content based on the user’s needs. Similarly, Cabrita et al [15]
recommend personalization of design and functionality, thus
lowering older end users’ fears toward technology by allowing
it to support its users and even offer empathy and sympathy to
them.

Methods

Overview
This empirical qualitative study consisted of cultural probes
[53,63], which included 4 background information
questionnaires (background questionnaires), sentence
completion tasks [42,58,59], and a diary-based exercise [64-66],
and remote interviews [52]. Data collection included 6 phases,
which all played an important role (Figure 1). Data collection
started with filling out a consent form. After that, background
information was collected, and a short remote interview was
conducted. Then, the participant had time to respond to the
cultural probe package (ie, sentence completion tasks and
diary-based exercise). Participation ended with a long remote
interview and the return of the probes package to the researcher.
Finally, the data were analyzed.

Figure 1. Research procedure.

Sampling and Recruitment
The research was conducted in Finland between the fall of 2020
and the spring of 2021 (ie, during the COVID-19 pandemic) as
part of the DigiIN project (2019 to 2025).

Defining an older adult purely by age is somewhat complex
[67]. Generally, they are people in late adulthood. In line with
the study by Ware et al [5], this study focused on older age
groups associated with a higher risk of chronic disease, with
participants from 2 age groups (those aged between 55 and 74
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years and employed and those aged >75 years and retired).
Group 1 participants (ie, those who were still working) were
relevant because aging includes preparing for retirement [68].

The participants were selected through purposive sampling
(digital survey) and snowball sampling [69]. Group 1
participants (12/20, 60%) were recruited via a digital survey
[70]. Group 2 participants (8/20, 40%) were recruited in 2 ways:
via the digital survey and snowball sampling. To ensure a
diverse and engaged sample for this long-term study,
participants’ interest in digital services was assessed in advance.
The groups were formed according to the life situation: group
1 participants were still working, and group 2 participants were
retired. The age category of group 1 was between 55 and 74
years (later, 55-74 years). The age category of group 2 was
between 75 and >90 years (later, >75 years). Participants in
group 1 had different professions, such as yoga teacher, director,
project manager, or entrepreneur. The participants were from
different parts of Finland but did not fully cover the whole
country.

After participants expressed potential interest in participating
in the study, the researcher explained the study in a telephone
call. This call lasted for 15 to 30 minutes, depending on the
participant’s questions. If the participant was still interested,
the researcher mailed or emailed the information letter that
described this study in detail and a consent form to the
participants for their signature.

Ethical Considerations
The empirical study was conducted as part of the DigiIN project
(2019 to 2025). The study protocol was reviewed and approved
by the Ethical Review Board of Aalto University
(95_03.04_2019_DigiIN). All participants provided their
voluntary, informed, and written consent. Patients’ ability and
willingness to participate in the study were confirmed through
a phone conversation before they signed the consent form.
During the call, the study process was explained, and it was
emphasized that participation was voluntary, with the option to
withdraw at any time. This was also mentioned in the written
consent form.

Research Procedure
The study comprised six phases (Figure 1):

1. First, the study purpose and research procedure were
introduced.

2. Second, the cultural probe packages, including 4
background questionnaires, were delivered. The study
procedure and contents of the package were explained again
in detail by phone or Teams (version 1.6.00.11166;
Microsoft Corporation).

3. Third, the participants filled out the cultural probes for 2
weeks, during which the researcher made 2 short phone
calls to the participants, being present for possible questions
and collecting specific day-based information about the
participants’ routines and activities related to health and
well-being.

4. At the end of the study, the participants were interviewed
remotely.

5. Then, they returned the probes package to the researcher
in a prepaid envelope. The data collection took a maximum
of 5 weeks. When the researcher received the probes
package, the participants were sent a small thank-you gift.

6. Data were analyzed.

Cultural Probes

Overview
In this study, cultural probes made data collection of older
adults’everyday lives possible in research environments, where
remote data collection was important for safety reasons [52]. It
helped in collecting data indirectly, as the participants
themselves completed the cultural probes at their own pace as
part of their everyday lives [42,52,53]. It also helped the
participants prepare for the interview [52].

The cultural probe package, recruitment questionnaire, and
recruitment letter were tested with 2 nonparticipating members
of the target group. The probes, questionnaires, and letter were
revised based on the feedback. The research materials were then
tested again with another target group member. Finally, the
entire study setup with semistructured interviews was tested
with 2 target group members.

Background Questionnaires
Among other tasks, the cultural probe package included 4
questionnaires: a background information questionnaire, the
Health Confidence Score (HCS) [71], the eHealth Literacy Scale
(eHEALS) [72], and the European Health Literacy Survey
Questionnaire (HLS-EU-Q16) translated into Finnish by Eronen
et al [73]. The other questionnaires were translated into Finnish
by the authors. Questions 3 to 10 in the eHEALS questionnaire
were used in this study with the added option of “I don’t know”
[72].

In addition to demographic questions, the background
information questionnaire asked about the participant’s internet
and device use, the eHealth services they had used, and how
useful they found them. The purpose of the HCS, eHEALS, and
HLS-EU-Q16 questionnaires was to obtain an overview of the
participants’ capabilities (or perceived skills) to understand
health information and use eHealth services.

Diary-Based and Sentence Completion Tasks
The cultural probe package (1) motivated participants to notice
and document their actions related to health and well-being as
a part of their everyday lives and (2) worked as a triggering
element for remote, semistructured interviews. In this remotely
conducted study, cultural probes and their exercises helped
make the researcher appear more relatable to the participant.
This was especially important given the sensitive and personal
topics, such as everyday life around health and well-being,
discussed in the study, both from the researcher’s perspective,
and more importantly, from the participant’s perspective [74].
The cultural probe tasks included sentence completion tasks
[59] and a diary-based task [64-66]. In the diary-based task,
participants were asked to make notes regarding their health
routines, decisions, and actions for 5 days. In addition, 13
incomplete sentences were formulated following the best
practices explained by Nurkka et al [42] and included in the
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pretesting phase. In the sentence completion task, participants
were asked to complete sentences (Multimedia Appendices 1

and 2) with 4 themes (Table 1).

Table 1. Themes of the sentence completion tasks.

Included in group 2Included in group 1Theme

YesYeseHealth services now

YesYeseHealth services in the future

YesNoConcerns and fears for eHealth services

YesYesInformal caregiver’s eHealth services (excluded from the data)

The cultural probe packages had differences regarding
incomplete sentence themes between the group 1 and group 2
participants. The study started with the younger participant
group. As data began to accumulate, additional questions
addressing concerns and fears were incorporated into the
sentence completion tasks, as shown in Table 1. This could
support the participants in preparing for the interview as well
[52]. However, the interview covered the theme with both
participant groups.

Remote, Semistructured Interviews
The themes of the cultural probes were investigated in more
detail in remote, semistructured interviews [52], which took 1.5
hours maximum to complete with group 1 participants and 1
hour maximum with group 2 participants. If an interview took
longer, the participants were offered the opportunity to continue
the interview the next day. The researcher made phone calls
using either the Teams call function or a mobile phone, making
it easier for participants to take part. Two researchers conducted
the interviews, but only 1 conducted each interview for
trust-building purposes. The interviews were audio recorded
and documented with field notes.

The interviews comprised different perspectives regarding the
participants’ everyday lives and activities concerning health
and well-being. The interview structure (Multimedia Appendix
3) was created based on the themes of the cultural probes. The
participants were asked to describe the contents of their cultural
probes. The idea was to empower the participants and let them
decide how much or in how much detail they were willing to
express their thoughts on their well-being and everyday lives.
In the interview design, the interview checklist by Tong et al
[75] was followed.

Analysis

Overview
After the data were transcribed and pseudonymized, the
background questionnaire was analyzed using descriptive
statistics, and the qualitative data were analyzed following the
inductive content analysis process [69,76,77]. User needs were
formulated based on the content analysis of the interviews and
the analysis of the cultural probe data. The cultural probe data
included the participants’ diary notes of their daily well-being
activities and completed sentences. The data were analyzed
according to data type. The different analysis phases are
explained in the subsequent sections.

Preliminary Material Walk-Through
During the interviews, a researcher (PV) identified the
preliminary content-based categories and, after each interview,
categorized each participant’s direct quotes in Excel (version
2208 Build 16.0.15601.20644; Microsoft Corporation). Due to
the richness of the data, an additional preliminary review was
necessary. The researcher (PV) manually reviewed the entire
dataset through after receiving the cultural probes package,
using traditional pen-and-paper data analysis methods [78].

After this preliminary data analysis phase, the analysis needs
for the next phases were recognized. The analysis needs were
identified, keeping in mind that the purpose was to understand
user needs. Similar to the data analysis process proposed by
Nielsen et al [79], the preliminary material walk-through process
needed both systematic and circular practices.

Content Analysis for Interview Data
Afterward, 2 researchers (PV and KS) read the pseudonymized
interview transcripts and coded the data in ATLAS.ti 9 (version
9.1.5.0; Scientific Software Development GmbH; Multimedia
Appendix 4) to understand the data as a whole and to support
the analysis of the cultural probes data later. The process
proposed by Mayring [76] was followed in the analysis. When
approximately 30% (11/40) of the transcripts were coded, the
researchers (PV and KS) revised and compared their categories
and agreed on common ones. Finally, the results were discussed
again by 2 researchers (PV and KS), and the findings were
reported.

Analysis for Background Information Questionnaire
Data
The background information questionnaires were analyzed to
understand the participants’ characteristics and their internet
and IT use habits. These questionnaires provided preliminary
information about the sample. The questionnaire analysis was
done in collaboration between 2 researchers (PV and SK). The
means were calculated for the data from each of the 3
questionnaires (PV), and the results were discussed (PV and
SK). Owing to the qualitative nature of the study and the small
sample size, detailed quantitative analysis was not performed.

Content Analysis for Cultural Probe Data
The data from the cultural probe package were analyzed in
collaboration between 3 researchers. Each sentence’s main
content was analyzed by a researcher (PV), and the results were
discussed with 2 other researchers (KS and SK) to ensure the
quality of the analysis. The diary analysis focused on the
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participants’descriptions of their well-being activities. Activities
were written on sticky notes, 1 per note, with the participant
code and time of day. After 2 researchers (PV and KS) created
the notes for 1 participant, their consistency was checked: a
researcher (KS or PV) read the findings and another one (KS
or PV) wrote the findings down. The analysis included 644
grouped sticky notes. The sticky notes were grouped by 2
researchers. The notes were taken during the analysis process.

Results

Overview
The results are discussed in three parts: (1) participant
information; (2) description of older adults’ everyday lives; and
(3) user needs, which were expressed based on the findings
from the sentence completion and remote, semistructured
interview data.

The data comprised 19 cultural probe packages and 329 pages
of transcripts of 20 interviews (in Verdana font, 11-point font
size, single spaced). One participant did not return the cultural
probe package.

Participants
The study included 20 participants (Table 2). The participants
were divided into two groups: group 1, those who were still
employed, and group 2, those who were retired. Both groups
included active computer users with many different devices,
but compared to group 1, group 2 included more participants
who did not routinely use the internet and IT. However, the
variation in device types was greater in group 2 compared to
group 1. The results suggest that perhaps retired people use
health and well-being services less frequently in general than
those who are working.

Table 2. Participant background information (N=20).

Group 2 (n=8)Group 1 (n=12)

>7555 to 74Age (y)

Gender, n (%)

6 (75)9 (75)Women

2 (25)3 (25)Men

Internet activity, n (%)

6 (75)11 (92)Internet use daily or many times in a day

1 (12)1 (8)Internet use on a weekly basis

1 (12)0 (0)Do not know to use or do not use the internet

Internet habits, n (%)

Most popular devices for internet use

5 (63)12 (100)Computer

4 (50)12 (100)Cell phone

4 (50)9 (75)Tablet

Place of internet use

7 (88)12 (100)At home

3 (38)10 (83)Outside home

The most popular reasons to use the internet

7 (88)12 (100)Searching information

6 (75)12 (100)Banking

4 (50)12 (100)Health and well-being services

eHealth use, n (%)

Most popular digital public health care services used

4 (50)12 (100)Patient portal: checking health information and receipt renewal

4 (50)11 (92)Appointment booking

—a8 (67)Chat, email, or SMS text message to health care professionals

2 (25)—Visiting a health center’s web pages

aData not available.
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All group 1 participants (12/12, 100%) and half (4/8, 50%) of
the group 2 participants checked their health information and
renewed their prescriptions via eHealth services. Internet users
used it for banking and information searches, and 80% (16/20)
of them also used it for health services.

Multimedia Appendix 5 presents the background questionnaire
results. The eHEALS results (20/20, 100%) show the
participants’ familiarity with using digitally offered health
information, with differences between the participant groups.
The results of the HLS-EU-Q16 (19/20, 95%) on health literacy
indicate that the participants seemed to have at least basic health
literacy skills. One participant did not send the questionnaire
back to the researchers. The HCS results (20/20, 100%) on
patients’ confidence in taking care of their own health show
that the participants had at least a basic understanding of their
health situation and how to operate in case of health challenges
[63].

Everyday Life of Older Adults
The analysis of the data from the diary-based task and the
interviews resulted in 15 themes in the participants’ everyday
activities. The themes were spending time at home, dining and
cooking, routines, hobbies or exercising, sleep, mundane
activities, work-related activities, medical treatment, cottage or
nature, friends, pets, pampering and rest, communication with
a relative, planning and controlling everyday life, and weather.

The most common activity was spending time at home, often
watching television (102/622, 16.4%); spending time at home
and dining and cooking (96/622, 15.4%) were the most popular
regular activities of the participants. The importance of food
for well-being was often mentioned in the data. Exercising was
also popular (72/622, 11.6%), with walking and jogging being
commonly practiced, including Nordic walking and climbing
stairs. Walking could also be a social activity with a partner or
a dedicated group. Sleep was mentioned in the data 51 out of
622 times (8.2%), as were mundane activities, such as going to
the post office or having lunch or a coffee (51/622, 8.2%). The
repetitive nature of routines, including spending time at home,
the importance of food, and the variety of exercises, is reflected
in the following quotes (the quotes are translated from Finnish):

From Monday to Friday, I wake up 5.50 am on two
mornings, and on other mornings 6.50 am. And that
5.50 am means, that I go swimming. And on other
mornings I eat my breakfast normally at home and
go to work. I drink my morning coffee at the office.
[Group 1, participant U2]

There have been such beautiful days lately. Today it
seems it is not so beautiful, or at least the sun is not
shining yet. I feel I’m privileged that I’m able to live
in my hometown, because this is such a beautiful city.
I started with 30 min walking exercises, and now I
do my walking exercise two times in week. Each
walking exercise takes one and half hours nowadays.
I explore those different terrains, and we have here
a lot of a lot of stairs and a lot of small hills, which
I use to improve my fitness. [Group 1, participant U12]

I start my work at 9 am, then I eat breakfast, and walk
with my dogs. I normally work at my computer until
6–8 pm. I eat, and drink coffee during short work
breaks. At 4 pm I give food to my dogs. In the evening,
I don’t meet anybody else than other dog owners. I
also meet new employees during my workday. [Group
1, participant U6]

I eat breakfast in the morning, and at the same time,
I read news from my iPad. My husband and I have
not ordered any paper newspapers. [Group 2,
participant HX4]

I might visit quite often to meet my neighbor, but not
on an everyday basis. But it is a part of my everyday
life. ...And then, I go quite often after 6 pm a short
walk, and at the same time, visit at my friend, who
has two cats. ...Then I make some dinner and watch
TV News. I do not usually follow any TV series, but
I might sometimes watch something from TV. I go to
sleep at around 12 am. [Group 2, participant HX5]

I don’t have so many meetings anymore, but my week
starts with English lessons every Monday at 10 am.
At 4 pm I go to an hour’s outdoor exercise. In the
evening, I often go to German language speaking
exercise group. Next day, I go to aqua jogging, and
after that we take a cup of coffee with the members
of that group. Next day I participate in outdoor
walking exercise group, with which we normally walk
an hour together. And at the end of the week, I often
do some housework, a little bit cleaning home or
something. [Group 2, participant U7]

Watching television was emphasized in both groups, and
activities related to cleaning and housekeeping were popular.
Overall, participants in both groups seemed to like routines.
The everyday life activity themes are detailed in Multimedia
Appendix 6.

The Needs of Older Adults for eHealth Services

Overview
The older adults’ needs for eHealth services were collected
based on the main findings from remote, semistructured
interviews and sentence completion tasks. The themes
discovered from the interviews, the main findings under each
theme, and the participants’ needs based on those findings are
provided in Multimedia Appendix 7. In addition, sentence
completion revealed the participants’ wishes and needs for
eHealth services in the future (Multimedia Appendices 1 and
2). The needs described in the following sections were expressed
based on the data.

The Need for a Carefree Mind
Older adults need a carefree mind when taking care of their
health and regarding their current health and well-being
situation, which can be supported with eHealth services. They
need to understand the safety of eHealth service use and be able
to manage health-related matters well regardless of the channel
(eg, mobile phone, chat, or remote appointment). Users’
technical skills vary, and some use technical devices versatilely.
Support and training possibilities help with this need. Feedback
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on one’s current health and well-being situation via eHealth
services is appreciated. The safety needs are evident in the
following quotes:

I avoid using all parts [of the user interface] that have
even a little bit of a foreign language to me. Because
it might happen there that I don’t understand
something and make a wrong choice somehow [in the
user interface]. [Group 1, participant U2]

I think managing my health-related affairs should be
safe. [Group 1, participant U6]

The need to obtain health care service regardless of the service
channel is reflected, for example, in the following comments:

I would like to be able to use eHealth services in
parallel with other service channels in the future.
[Group 1, participant U1]

I look for information on the internet every day. I use
all possible medical and health services that are
available digitally. And the same thing with public
services: everything that is possible, I do them in
digital channels. [Group 2, participant H3]

On the basis of the data, people’s diversity is emphasized: being
able to use the eHealth service can be a big challenge for one
person, but for another, it brings benefits and ease. Owing to
older adults’ varying technology skills and device availability,
health self-management was desired in varying ways and
different channels, either face-to-face or digitally. In addition,
group 1 participants seemed to be experienced or very
experienced with technology and felt very comfortable using
eHealth services. The clear variations between the participant
groups should be considered in all design decisions regarding
eHealth service development.

Varying skills and comfort levels with using eHealth services
are demonstrated, for example, in the following quotes:

For me, using eHealth services is natural and easy.
[Group 1, participant U6]

For me, using eHealth services is easy and
self-evident. [Group 2, participant HX4]

eHealth services do not help me because I have
neither the equipment nor the skills. [Group 2,
participant S8]

Learning something new [about digital services] is
difficult because of the tricky terminology. I’ve never
studied English at school, and systems use a special
system language. ...Then these jungles of safety
encryptions and passwords: remembering them is
almost the most difficult part of it. [Group 2,
participant S9]

The Need for eHealth Service Adaptation Based on
Current Life Situation, Use Contexts, and Everyday Life
Regarding different life situations, the participants needed
support via eHealth with their health and well-being in changing
situations, such as when retiring, regardless of their current
technology skills or devices. eHealth could help them, for
example, with mental well-being or keeping physical activity

levels high enough. The changing situations are evident in the
following quotes:

My working years are in the final phase. It’s sure that
I have a couple of years left until I retire officially.
After that, my children are already adults as well. But
currently, my life is quite work-oriented, long
workdays, and I’m all the time busy. [Group 1,
participant U1]

I have done more or less work [in my life]. And now
I’m retiring. That’s a pretty big change. [Group 1,
participant U4]

I’d like to use eHealth services in the future even after
I retire. [Group 1, participant U12]

I have a little bit tricky stage of life. My son went to
heaven two weeks ago, and I am currently going
through grief. Five years ago, my husband died. So,
that kind of stage of life I have now. [Group 2,
participant H2]

Yes, it was easier when I was healthy. After all, then
I could do what I wanted and run if I liked and, in
every way. ...That life was completely different then.
I can’t say, however, that none of these moments in
this life have been completely unpleasant. ...When I
think about this end of life, yes, I have had a good life
the whole time, no matter what era it was. They have
all been part of life that was then, and it was good at
that moment. [Group 2, participant S7]

Older adults desired eHealth services that could adapt to their
current and evolving life situations, such as retirement or
changes in health. These services should be tailored to their
lives in terms of both content and functionality, including the
user interface, and should be flexible enough to adjust according
to the season, regardless of their location. Older adults want to
take care of their health and well-being regardless of location
(from places other than home or a clinic, such as a summer
cottage). Service adaptation to everyday life makes eHealth
services relevant.

However, the ease of use of an eHealth service becomes relevant
only after it has been ensured that it can be accessed at all. One’s
health state affects everyday life and the ability and willingness
to use eHealth services. For example, when a health situation
improves due to following healthy daily routines, the content
of the eHealth service should follow this new health situation
and its user’s new needs for the eHealth service. eHealth services
should be adaptable to changes in life and health situations as
well as fluctuations in motivation to use eHealth, both in the
short and long term. eHealth service’s role and value as a part
of changing life situations and user needs regarding eHealth
service’s adaptability are reflected in the following quotes:

eHealth services help me very well in my health
situation. [Group 1, participant U12]

eHealth services help me plan schedules flexibly.
[Group 1, participant U7]

For me, the most important thing with eHealth
services is that I don’t have to commit to a specific
time. [Group 1, participant U10]
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For me, the most important thing in eHealth services
is the right information at the right time. [Group 2,
participant S9]

For me, the most important thing with eHealth
services is that I get information immediately without
waiting. [Group 2, participant HX4]

Using them [eHealth services] saves time. [Group 1,
participant U8]

The Need for a Holistic Perspective
Older adults need content that supports their health and
well-being holistically. eHealth services should, for example,
include perspectives on their current everyday lives and health
situations. Group 1 members often wished that eHealth services
would be one service among others, smoothly integrated into
everyday life. For group 2 members, more research is needed
to investigate their perspectives on a suitable package of service
channels and content so that they receive the same holistic
support as group 1 members. The example quotes behind the
need for holistically offered health and well-being support as a
part of older adults’ everyday lives are as follows:

I fill in crosswords, and I read when I like to. I cook,
but not every day now. Things like that I get pleasure
from. After all, all in all, the fact that there are not
so many financial worries is a part of that balance.
Everything you need is here and now. Everyone can
ask themselves the question whether they are happy.
[Group 1, participant U11]

For me, the most important thing in eHealth services
are the right health goals considering the right
information; based on researched and measured
information. [Group 1, participant U7]

eHealth services help me to plan flexible schedules.
[Group 1, participant U7]

eHealth services help me take care of things related
to my health at once. They save time. I get e.g., lab
results through a digital service. [Group 1, participant
U13]

eHealth services help me get an overall picture of my
health. [Group 1, participant U1]

I read a lot. Now that I’ve been here sick and the
moments, I’ve been awake, I’m reading something
all the time. [Group 2, participant HX6]

And then jogging with the dog. It keeps me in balance.
All my social interaction now takes place there,
walking the dog, because there are many dogs here,
and we have lived here 45 years, so there are so many
people who know dogs. [Group 2, participant S8]

The Need to be Able to Avoid Using eHealth Services
But to Use Specific eHealth Functions
Older adults, especially group 2 members, need to be able to
select the service channel: eHealth services or face-to-face. On
the other hand, there was a need for eHealth functions. For
example, group 2 members often appreciated the opportunity
to look at laboratory results without having to go anywhere.
The COVID-19 pandemic era might have affected this result.

The following example quotes bring insights into the older
adults’ needs for specific functions and the possibility of
obtaining health care services via service channels other than
eHealth services:

In principle, they [service providers] accept to do
business [face-to-face], but if you ask for some advice
there, they recommend that you “go to do it online
or look it up online.” They don’t understand that not
everything works perfectly on the internet for them
either. I think it’s pointless for them to guide you to
do business online when it can’t be done there online.
[Group 1, participant U8]

Or you can use a video connection to contact the
nurse! They are certainly good additions to the
healthcare service. [Group 1, participant U1]

It’s embarrassing that I don’t know how to book
appointments [digitally]. I don’t know how to book
a time for our laboratory or X-ray. I don’t know how
to make an appointment. And you should know that,
but when there was no need, you didn’t learn. [Group
2, participant HX6]

When I imagine myself retired, and when I no longer
have a work computer, and if it is difficult to get from
one place to another, then of course, they [eHealth
services] will be useful. And then the chat service,
where you can easily ask for help or advice!

I think managing my health-related affairs should be
possible in person. [Group 2, participant S8]

This means that eHealth services should be accessible: (1)
devices should be available and (2) the network connection
should be stable enough, and the service must be available
regardless of time. The service should be offered in a
multichannel manner, including personal contact, phone service,
or in writing (eg, chat).

Operations related to health and well-being, such as appointment
booking through eHealth services, must be clear and easy to
use for all user groups. The operations and the eHealth service
should support long-term and short-term health and well-being
planning in terms of the content and functions available to both
end users and health care professionals. It should work reliably
in all situations and support older adults’ empowerment in
managing and controlling their current and future health
situations. This is evident, for example, in the following quotes:

I think operations related to my health and well-being
should be easy. [Group 2, participant HX5]

eHealth services do not help me at all. [Group 2,
participant HX6]

User Needs Regarding User Experiences
The completed sentences revealed that the older adults’
experiences with eHealth services varied, with some finding
them easy to use and others finding them challenging. The use
of eHealth services was felt to be part of everyday life and
routines, and it did not produce many “peak experiences,” which
are the most memorable experiences producing positive
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emotions [70,80]. The variation in user experiences from
eHealth use is apparent in the following example quotes:

For me, using eHealth services is easy, and a routine.
[Group 1, participant U13]

Using them [eHealth services] makes me a little
irritated. [Group 1, participant U1]

I think managing my health-related affairs should be
confidential, and the response quick and empathetic.
[Group 1, participant U11]

Using them [eHealth services] puts me in a bad mood.
[Group 2, participant HX6]

Two (25%) out of 8 participants in group 2 had worrying
experiences, such as a loss of self-confidence in the use of
eHealth services and an increase in concern about the use of
eHealth services. These worries are reflected in the following
example quotes:

Using them [eHealth services] makes me feel
insecure. [Group 2, participant S7]

The thing that worries or scares me the most about
eHealth services is that soon you won’t be able to see
a doctor anymore when everything will be done
digitally. [Group 2, participant S8]

However, eHealth services especially brought peace of mind to
group 1 participants, seeming to improve their well-being. For
both groups, eHealth services produced important information
about their current health situation. eHealth services seemed to
be used in both age groups, not only out of necessity but also
to obtain information and improve the flexibility of taking care
of their health. eHealth services provided longer-term insights
into their own health status, and information obtained through
eHealth services was highlighted at different points. Finding
out about their own health status seemed important. With the
help of eHealth services, the level of concern about their own
health condition improved. Group 2 members had more negative
views of eHealth services, and they also mentioned a lack of
equipment as a barrier to eHealth service use. eHealth service’s
role in offering information, flexibility in taking care of one’s
health, or role as a calming factor is reflected in the following
example quotes:

I use eHealth services if I book an appointment with
my doctor, or check my health information [Group 1,
participant U12]

I use eHealth services whenever possible. [Group 1,
participant U6]

Using them gives me peace of mind when I can book
appointments and find out about health-related issues
at a time that suits me. [Group 1, participant U13]

Other barriers to eHealth services were lack of human contact,
inefficiency, and challenges with its use. eHealth services
divided participant opinions regarding its benefits: group 1
participants did not have as many helpful experiences with
eHealth services as group 2 participants. Both groups included
individuals who felt that eHealth services did not provide holistic
support during life changes. At the same time, group 2
participants felt that eHealth helped them acquire information

about health-related issues, supported them in planning
health-related issues, and helped them commit to lifestyle
changes. On the other hand, they lacked competence and felt
that eHealth services (use processes and user interfaces) was
too complicated. The negative experiences and use barriers are
evident in the following quotes:

With eHealth services, I am saddened by the lack of
consistency and aimlessness, as well as the lack of
genuine and cheerful support. [Group 1, participant
U7]

With eHealth services, I am frustrated by delays and
waiting. [Group 1, participant U6]

With eHealth services, I am saddened by my laziness
and lack of time available to study the use of eHealth
services. [Group 2, participant H3]

With eHealth services, it saddens me that I don’t know
how to use them. [Group 2, participant HX6]

The most important things in eHealth services use were
efficiency, ease and smoothness of transactions, access to
information, planning (where group 1 members had diverse
answers), and support for well-being. Participants in group 2
had the same eHealth needs as those in group 1 but they were
more skeptical (Multimedia Appendix 8).

The efficiency, ease, and support for well-being via eHealth
services are apparent in the following quotes:

Using them [eHealth services] saves my time. [Group
1, participant U6]

Using them [eHealth services] makes me think about
my health based on researched information. [Group
1, participant U10]

For me, the most important thing about eHealth
services is that I don’t have to commit to a specific
time or date. [Group 1, participant U10]

eHealth services help me renewing my medicine
prescriptions. [Group 2, participant S7]

Discussion

This qualitative exploratory study aimed to gain a more in-depth
understanding of older adults’needs for eHealth services as part
of their everyday lives in different life stages. The data were
collected with interviews and a cultural probe package, including
4 background information questionnaires, sentence completion
tasks, and a diary-based exercise.

Principal Findings

Everyday Life of Older Adults
Both participant groups valued time spent at home and
home-based activities as part of their everyday lives. Healthy
eating habits were an especially important aspect of the
participants’well-being from their own perspective. These older
adults enjoyed different activities, such as jogging and Nordic
walking, which is in line with other literature [31].

Older adults generally appreciated bringing health and
well-being into everyday life. They had weekly or daily
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activities or hobbies that supported them to reach their long-term
health targets. These routines varied greatly, including exercise,
good night sleep, personal hygiene, repetitive food, pet care,
and housework-related morning routines. Group 1 participants
reported routines and activities that partly differed from those
of group 2 participants. For example, all the routines related to
the gym or exercising while commuting were reported by group
1 participants. Interestingly, the only mention of reading
newspapers with a tablet was reported by a participant from
group 2. Furthermore, a mention of doing morning exercise
with television was reported by a group 2 participant. Cleaning
routines were mainly mentioned by participants from group 2.

The eHealth service can both support health self-management
on a long-term basis and activate and support older adults in ad
hoc type of activities and operations related to health and
well-being, for example, by offering information based on the
current health situation or reminding them of a (daily or weekly)
hobby.

The Needs of Older Adults for eHealth Services
On the basis of the interviews and sentence completion tasks,
four needs for eHealth services were identified: (1) the need for
a carefree mind; (2) the need for eHealth service adaptation
based on the current life situation, use contexts, and everyday
life; (3) the need for a holistic perspective; and (4) the need to
avoid using eHealth services but to use specific eHealth service
functions. These needs should be considered when designing
eHealth services that support older adults’ healthy living. In
addition, they generally apply to both user groups but may be
emphasized differently depending on the group.

On the basis of our findings, the older adults seemed to have
generally positive attitudes toward eHealth, aligning with those
identified by Cabrita et al [15] and Mielonen et al [28]. The
infrastructure behind eHealth services must be stable; then,
eHealth services can be offered in an accessible way and without
limitations for everyone, assuming that end devices are
available. Owing to varying end devices among older adults,
eHealth services should be scalable regardless of the service
channel or devices. Therefore, the design should support the
reliability of eHealth services so that they work in all situations,
supporting older adults’ health self-management [15,70]. Our
study adds the perspective of changing time spans: the service
must function smoothly for both short-term and long-term use,
accommodating variations in use duration.

Well-being, sickness, health, and illness seem to be subjective
personal experiences. The need for eHealth services changes
due to the user’s current health and well-being situation: eHealth
services become unnecessary when health and well-being
increase. Therefore, it must be possible for older adults to easily
try out whether eHealth services will benefit them. An eHealth
service may also be used less frequently at times.

eHealth services can support older adults’health and well-being,
particularly when the content of the service aligns with their
everyday lives and interests. Therefore, we recommend that the
eHealth service work as part of an older adult’s healthy routines,
which might include, for example, encouraging attitudes and
functions for housework and other activities.

Comparison With Prior Work
Our results show that understanding the user’s life stage and
the key interests at that stage is important, as found in other
literature [47]. Owing to older adults’ changing health and life
situations [1-3,10,11,47], an individual eHealth service should
function as part of a wider service offering so that the service
supports and adapts to changing life situations and health
statuses. For example, in this study, it was recognized that both
those who are still working and those who are retired use IT
and eHealth services. IT use at work might support learning
new skills and sometimes even updating them [70]. In addition,
eHealth service flexibility is valued [4]. The need for eHealth
services to adapt to the older adult’s current life and health
situation is in line with the study by Reiners et al [81].

Earlier research recognized a large variation in activities that
support older adults’ well-being, in line with our findings:
exercising; cooking; and hobbies, such as language courses
[82]. Even with poor health, older adults achieve well-being
and positive effects from daily activities [82,83]. In addition to
physical activities, daily activities, such as reading books or
watching television, can also offer relaxation [81]. Owing to
the differing routines and daily activities, the need for eHealth
adaptation based on the current life situation, use contexts, and
everyday life was recognized in this study, and we recommend
that eHealth services work as a part of older adults’ daily living
smoothly. Previous research supports our results behind this
user need: older adults are a heterogeneous group whose activity
possibilities vary regarding their living conditions or current
health situation [31]. However, the importance of studying the
use of eHealth service as part of everyday life has been
recognized [19].

The devices with which the eHealth services are used should
be considered when designing these services. Given the possible
effect of the small sample size, it can be seen from the data that
group 2 participants seemed to use eHealth services somewhat
less than group 1 participants. One reason for that could be that
older adults who are still employed might use eHealth services
for work reasons, as well [70]. On the other hand, it can probably
be expected that, nowadays, older adults who are retired have
used at least some IT at work.

Understanding the safety of eHealth services use was important
to older adults, as in earlier research [4,5,10,18]. In line with
previous literature [18,70], they needed available support and
training for eHealth service use. In particular, the older
participants in this study also needed not to be forced to use the
eHealth service. However, this varied considerably between
participants, which supports earlier research results [18].

In line with an earlier study [15], one of the most important
design functions is to ensure that the eHealth service conveys
empathy to older adults. This can be offered via an empathic
tone of voice in the services and by offering them through
service channels that are especially suitable to each older adult’s
current situation. The whole life span, including transitions to
different life phases, such as retirement, should be considered
in design decisions [2,47,70]. This can be done, for example,
by offering relevant content related to health and well-being to
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different older adult groups and by making sure that the content
is relevant to each end user’s unique life and health situation.

On the basis of our findings, both those still working and those
who have already retired have suitable devices and sufficient
technical skills, as also reported by Mielonen et al [28].
However, eHealth services were used only by half (4/8, 50%)
of the older participant group. Our findings support the
observations of Kruse et al [3] regarding common barriers to
eHealth use among older adults: a lack of self-confidence, a
fear of making irreversible mistakes, and content that does not
meet their needs. Fear can be dispelled with a clearer service
concept, implementation support, user support, and instructions,
as well as reassurance, such as by highlighting safety both in
the service content and in the presentation of the service. In
addition to minimizing fear, strengthening the self-confidence
of the end user of the service plays an important role. Another
phenomenon that emerged from the data was that well-being,
health, and illness seem to be subjective, personal experiences.

The need for eHealth services changes due to the user’s current
health and well-being situation; eHealth services become
unnecessary when health and well-being improve. Therefore,
it should be possible for older adults to easily try out whether
the eHealth service will benefit them. This can be done, for
example, by offering trial versions of services, which other
research [15,18,84] recommends. Being able to safely try out
an eHealth service could help reduce fears, build
self-confidence, and better identify the current need for the
service. Another helpful option would be to group service
functions into easier basic functions and possibly other more
complex functions that are recommended to be familiarized
with time, as is recognized in the literature [15,47]. However,
based on the study findings, the end user’s age or life situation
does not appear to be a decisive factor in determining the need
for user interface content. That said, older adults who are retired
may face slightly more challenges in using eHealth services
compared to those who are still working.

As also found in other literature [18,70], individual eHealth
service should function as part of a wider, multichannel service
package so that it adapts to changing life situations and changes
in health status. It should work as a channel for end users to
receive empathy in challenging health situations. This could be
done with effective but sensitive communication possibilities
and with empathic content. Because eHealth services should
support older adults’ health and well-being, it is important to
look at and connect their well-being in the IT context [84]. This
can be done according to content and with easy and logically
functioning user interfaces. In addition, this study’s participants
wished for an option to not use eHealth services or specific
eHealth functions. This need is in line with other research
findings [85].

Limitations
This qualitative exploratory study aimed to gain a more in-depth
understanding of older adults’ needs. The sample was small;
the participants were from 1 country, and they were likely to
be more interested than average in eHealth services. Older adults
are a diverse group from the perspective of, for example,
cognitive, motor, or technology use abilities [61]. Therefore,

completely covering the population with a representative sample
was not possible. This has potentially biased the results. In
addition, the COVID-19 pandemic era could have influenced
the results, but this was not especially followed as a part of this
study.

Regarding the adaptation of eHealth services to different life
and health situations, we do not know whether the service should
always be the same or differ depending, for example, on whether
the health situation has changed, in which case the role and
meaning of the service changes from supporting well-being to
treating illness. We recommend this as a future research area,
especially in long-term studies. More research is needed on the
best service channel combinations for older adults to obtain
sufficient holistic health and well-being support. In the future,
it would be worthwhile to test the design recommendations with
representatives of the designer community and older adults, for
example, in co-design workshops. In this study, the older adults’
needs in different life situations were not compared to those of
other age groups. However, this would be valuable to study in
the future.

From a methodological perspective, the cultural probe package,
including diary-based and sentence completion tasks, combined
with remotely conducted semistructured interviews seemed to
be effective in collecting information about participants’
everyday lives and in mapping user needs for eHealth services.
This is interesting because, as far as we know, not many cultural
probes studies on this topic are available. The working
participants completed more handwriting-based sentences.
Therefore, cultural probes including many handwriting exercises
might fit better for them. On the other hand, the data were
collected using several methods, which confirmed the findings
of the study and helped identify user needs. The methods seemed
to work well in remote conditions during the COVID-19
pandemic era.

Conclusions
In this qualitative study, we collected information about the
everyday lives of older adults in different life situations and
identified their related needs for eHealth services. The results
helped us understand how older adults see and experience health
care with the help of eHealth services as part of everyday life.
The older adults in this study often preferred a consistent routine
in their daily practices including healthy eating and exercise.
eHealth services could offer time saving and flexibility within
these routines. A lack of devices or skills was often mentioned
as a use barrier. On the basis of the results, four main needs of
the older adults for eHealth services were identified: (1) the
need for a carefree mind, in which older adults could receive
status information on their current health and well-being
situation via eHealth services; (2) the need for eHealth service
adaptation based on the current life situation, use contexts, and
everyday life; (3) the need for a holistic perspective, in which
older adults wished to receive support for health issues from
many perspectives and through several different service
channels; and (4) the need to avoid using eHealth services but
to use specific eHealth service functions, in which face-to-face
support for their health was especially appreciated. On the basis
of the results, eHealth services should be designed such that
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they fit well in older adults’ everyday lives and adapt to users’
everyday practices and health statuses according to content.

eHealth services should be accessible and reliable.
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Abstract

Background: The World Health Organization estimates that 1 in 4 people worldwide will experience a mental disorder in their
lifetime, highlighting the need for accessible support.

Objective: This study evaluates the integration of digital peer support (DPS) into an employee assistance program (EAP), testing
3 hypotheses: (1) DPS may be associated with changes in EAP counseling utilization within a 5-session model; (2) DPS users
experience reduced sadness, loneliness, and stress; and (3) DPS integration generates a positive social return on investment
(SROI).

Methods: The study analyzed EAP utilization within a 5-session model using pre-post analysis, sentiment changes during DPS
chats via natural language processing models, and SROI outcomes.

Results: Among 587 DPS chats, 432 (73.6%) occurred after business hours, emphasizing the importance of 24/7 availability.
A matched cohort analysis (n=72) showed that DPS reduced therapy sessions by 2.07 per participant (P<.001; Cohen d=1.77).
Users’ messages were evaluated for sentiments of sadness, loneliness, and stress on a 1-10 scale. Significant reductions were
observed: loneliness decreased by 55.04% (6.91 to 3.11), sadness by 57.5% (6.84 to 2.91), and stress by 56.57% (6.78 to 2.95).
SROI analysis demonstrated value-to-investment ratios of US $1.66 (loneliness), US $2.50 (stress), and US $2.58 (sadness) per
dollar invested.

Conclusions: Integrating DPS into EAPs provides significant benefits, including increased access, improved emotional outcomes,
and a high SROI, reinforcing its value within emotional health support ecosystems.

(JMIR Hum Factors 2025;12:e68221)   doi:10.2196/68221

KEYWORDS

digital peer support; peer support; EAPs; cost-effectiveness; SROI

Introduction

Background
The World Health Organization estimates that 1 in 4 people
globally will experience mental disorders in their lifetime [1],
stressing the need for a readily available treatment ecosystem.
Relatedly, the increasing popularity of remote work
post–COVID-19, along with work- and workplace-related
stress—stemming from long hours, high workloads, an inability

to disconnect, and, in particular, isolation—has contributed to
a rise in mental health problems such as anxiety and depression,
musculoskeletal pain, sleep deprivation, and stress [2]. These
stressors impact not only employees’ well-being but also
presenteeism, absenteeism, and work-life balance [2-4]. Burnout,
in particular, arises from chronic stress characterized by
emotional, physical, and mental exhaustion, leading to reduced
productivity, increased absenteeism, and higher turnover rates
[3].
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While the Centers for Disease Control and Prevention’s National
Center for Health Statistics reports a notable increase in
treatment-seeking behaviors between 2019 (19.2%) and 2021
(21.6%), a significant majority of working adults may still suffer
alone [5]. The proportion of working adults aged 18-44 years
receiving mental health treatment grew significantly from 18.5%
in 2019 to 23.2% in 2021 [5], with women (23.8% to 28.6%,
respectively) continuing to outpace men (13.1% to 17.8%,
respectively) [5]. By 2021, adults aged 45-64 years (21.2%)
and those aged 65 years and over (18.9%) ranked second and
third, respectively, in seeking treatment [5].

Employee Assistance Programs
Mental and emotional health–focused employee assistance
programs (EAPs), which are confidential, voluntary,
organization-sponsored, and low-cost services for employees,
offer personal or work-related counseling and support. The
purpose of EAPs is to help employees manage stress, enhance
problem-solving abilities, and, in turn, improve work
productivity, reduce absenteeism, and promote overall
well-being [6]. Counseling-based EAPs provide
psychoeducation, teach coping strategies, and assist users in
setting achievable personal goals that build confidence and
self-efficacy [7-12]. Additionally, EAPs offer training in
communication skills, such as assertiveness, to improve
relationships and help users navigate challenges effectively.
Patient activation, which refers to an individual’s knowledge,
skills, confidence, and willingness to manage their health and
well-being [7,8], is further supported by connecting users to
resources and support networks, including health care providers
and peer support groups. Finally, EAPs empower users with
self-management tools, such as digital apps and resource
libraries, that allow them to track their progress and
independently manage their well-being [12]. Together, these
strategies foster self-reliance, enhancing users’ability to manage
their mental health and overall well-being [7]. Depending on
the EAP, a significant return on investment (ROI) may be
observed, with some organizations seeing US $3-US $10 for
every dollar spent [13], largely due to positive impacts on
absenteeism, productivity, and employee turnover and retention
[6,13]. EAPs are well-established assets to organizations,
delivering emotional benefits to employees and productivity
and financial benefits to employers [6,13].

Digital Peer Support
While counseling-based EAPs are known for their advantageous
returns, not every emotional concern requires counseling
support. A tiered support system for individuals who are
mentally well but experiencing lower-acuity emotional distress
may be necessary. Simultaneously, the US health care system
currently faces a shortage of mental health professionals,
limiting access to adequate support [14,15]. In 2021, 5930 areas
were designated as health professional shortage areas, leaving
129.6 million people without access to affordable and accessible
care [15]. President Biden’s 2022 White House brief highlighted
this issue and called for efforts to “strengthen system capacity,”
including the increased use of peer support specialists and
paraprofessionals [16].

Peer support interventions involve individuals with similar lived
experiences offering mutual support [17]. While expert-based
professional support may evoke feelings of shame, failure, and
mental health stigma, peer support can normalize emotional
struggles and foster connection, validation, and empathy through
shared experiences [18]. This “mutual empowerment” from
peer-driven interventions grants individuals greater autonomy
and competency [18]. However, some Americans may not have
access to digital peer services due to a lack of universal internet
access and low health literacy. Approximately 24 million people
in the United States lack reliable broadband service or
high-speed internet [19]. Historically, lower rates of high-speed
internet use have been observed in households where the owner
is 65 years or older, Hispanic, African American, American
Indian, or Alaska Native [19]. Furthermore, in 2021, only about
5 in 10 households with incomes below US $25K used
high-speed internet [19]. Additionally, approximately 90 million
American adults struggle to understand and navigate complex
health- and text-based tasks accurately and consistently,
exhibiting low health literacy [20]. By addressing these
disparities, digital peer support (DPS) services could become
even more inclusive by expanding support to those currently
excluded from traditional services.

Self-determination theory, as articulated by Ryan and Deci [21],
offers insight into key features that make peer support impactful.
The theory states that self-determination and emotional growth
are driven by 3 core elements—autonomy, competence, and
relatedness [21,22]. Autonomy refers to the ability to self-direct
and control one’s actions, competence involves mastering new
skills, and relatedness is about forming meaningful connections
with others [21,22]. Peer support provides a nonjudgmental,
nonstigmatizing space that fosters autonomy, as there is no
professional expert directing treatment. Competence is
strengthened through the normalization of mistakes shared via
lived experiences, as well as the application and practice of
coping strategies. Relatedness is reinforced through the verbal
and emotional connections formed with similar peers [18].
Research has consistently shown that relatedness in supportive
relationships contributes significantly to emotional regulation,
motivation, and the overall success of interventions. By
reinforcing relatedness through peer-to-peer interactions, peer
support programs address a fundamental psychological need
that complements autonomy and competence, further validating
their essential role in the model [17,18]. The interrelatedness
of these dynamic factors is believed to enhance mental health
and well-being [17-22]. The introduction of DPS platforms
extends these benefits by offering accessible, mutually
supportive communities to help alleviate feelings of loneliness
and isolation [23]. Numerous studies have demonstrated the
effectiveness of these digital interventions in addressing mental
health needs [23-30].

Confirmed benefits of peer support interventions are evident
through self-determination theory and digital platforms [23-30];
however, a significant gap remains in understanding the ROI,
particularly when integrated into counseling-based EAPs.
Studies suggest that peer support may lead to direct health care
savings by equipping individuals with coping mechanisms and
providing emotional support, which, in turn, reduces the risk
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of crises and costly subsequent interventions (eg, inpatient
hospitalization, emergency room use) [31-33]. Specifically,
current research does not adequately address how incorporating
24/7 DPS into EAPs translates into measurable
cost-effectiveness for organizations. Traditionally,
cost-effectiveness and cost-benefit analyses are used to assess
the value for money of health and social interventions, but the
value derived from participating in 24/7 DPS can be subtle and
difficult to measure [34]. As a result, there is a paucity of
research on the broader social, economic, and environmental
value. This gap underscores the need for a focused study to
evaluate the social return on investment (SROI) of integrating
24/7 DPS into a counseling-based EAP, assessing both the
economic impact and the efficiency of these interventions.

Social Return On Investment
SROI has become a recognized method for measuring the
impact, outcomes, and value created by
social-emotional–focused organizations [35,36]. Broadly, SROI
uses a mixed-method design to assess the value of an
intervention relative to the cost of enabling it. Beyond financial
metrics, which may assign limited value to a program, SROI
captures social, environmental, and economic elements to
generate a comprehensive “social value.”

Study Aim and Hypotheses
For this study, a 24/7 US-based DPS service was integrated
with a US-based counseling-based EAP firm to explore potential
changes in utilization, sentiment, and the SROI of the 24/7 DPS
for the EAP’s clientele. The following study hypotheses were
examined: (1) The introduction of the 24/7 DPS service may
lead to changes in the utilization of EAP counseling services
within a 5-session model; (2) participants who utilize the DPS
service will experience significant changes in sentiment (eg,
reduced sadness, loneliness, and stress) over the course of their
engagement with the service; and (3) the integration of DPS
into the EAP will produce a positive SROI, reflecting the added
value of peer support services for EAP clientele. Through these
key objectives, the study aims to assess the effects of DPS on
EAP utilization, emotional well-being, and the social and
economic value added to the EAP.

Methods

Pre- and Post-DPS Integration: EAP Services and
Implementation
Using aggregated participant data, pre- and postanalyses of
adding DPS to EAP services were conducted. Pre-DPS was
defined as the routine care provided within the EAP, including
an initial intake, screening for clinical concerns, and offering
service options such as counseling, legal resources,
psychoeducation, and coaching. Before the introduction of DPS,
participants either accessed the EAP provider’s website using
a company code to explore available services or completed an
initial online or phone intake. They were screened for clinical
concerns, including substance use and suicidal or homicidal
ideation, by licensed clinicians or clinically supervised
paraprofessionals. The EAP offers a comprehensive suite of
behavioral health and wellness services designed to support

mental health, work-life balance, and overall well-being. These
offerings include free and confidential counseling, legal and
financial benefits (including Medicare and Social Security
consultation), wellness coaching, work-life referral services,
and an online resource library. Additional services include
virtual reality programs, as well as parenting, life, career, and
work performance coaching. The EAP provides managed care
24/7, with crisis support delivered by licensed mental health
professionals.

An anonymous US-based DPS service that provided 24/7/365
moderated, synchronous peer group chats was integrated into
the US-based EAP’s client support ecosystem. The DPS service
utilized artificial intelligence (AI)–driven natural language
processing to match users with peers facing similar issues in
small groups, each facilitated by a trained human moderator
who ensured a safe environment and directed users to
professional services in crises. The DPS model allows for
unlimited sessions, in both duration and frequency, while the
EAP’s 5-session model was selected for further analysis due to
the prevalence of 5-session models over other session formats.

Participants

DPS: Peer Support Users
Nonidentifying participant data from the DPS provider, collected
between June 2023 and May 2024, were used to evaluate the
research objectives. DPS service participants had access to
unlimited peer support chats and were included in the data
analysis if they utilized the chat service at least once.

EAP: Counseling Service Participants

Inclusion Criteria

Pre-DPS (June 2022 to May 2023) and post-DPS (June 2023
to May 2024) participants were selected based on having active
access to the 5-session EAP model. For the analysis of total
utilization, no demographic factors were matched between the
pre- and post-DPS groups. However, for the utilization analysis
of the 5-session EAP model and to ensure comparable groups,
participants in both the pre-DPS and post-DPS cohorts were
matched based on demographic and emotional concern variables.
Matching was conducted using propensity score matching,
adjusting for potential confounders such as age, gender, and
emotional concerns (eg, anxiety or depression). Participants
who had utilized the full 5-session model in both groups were
selected, with efforts made to capture diverse client trajectories
by including multiple participants matched on these same
variables. EAP participants were employed across a wide range
of sectors, including health care, education, professional
services, manufacturing, construction, building trades,
nonprofits, technology, service industries (eg, restaurants),
unions, mining, government, and others.

Cohort Exclusion Criteria

Participants were excluded from the analysis if they had missing
demographic data (age or gender) or if they exceeded the
authorized number of counseling sessions (eg, >5 sessions in
the pre-DPS group). These exclusions were necessary to control
for confounding variables, as participants requiring more
intensive mental health support (beyond 5 sessions) may have
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had significantly different needs compared with those who
adhered to the 5-session model. This approach ensured that the
study focused on participants whose engagement with EAP
services reflected typical utilization patterns.

Peer Support Moderators
Peer support moderators (PSMs) are human moderators trained
in digital safety monitoring who provide real-time, text-based
support. PSMs receive up to 164 hours of training within the
first 90 days of hire, focusing on engaging in digital
conversations, facilitating synchronous group chats, and
managing the psychological safety of chat users by monitoring
for and removing trolls, as well as enacting safety protocols,
such as referring users who may be in active crisis to appropriate
services. Additionally, PSMs receive 36 hours of ongoing
asynchronous and synchronous clinical supervision and
consultation per quarter.

Procedures

Overview
This retrospective study evaluated the differences in the EAP’s
services before and after DPS to assess the programmatic impact
and added social value.

Data Variables
The primary data sources for this study were aggregated
engagement variables, such as chat time, number of chats, age,
gender, user struggles or presenting concerns, and national-level
cost-of-service value data.

Data Extraction and Management
The data extraction process involved retrieving DPS chat data,
which included digital chat records, user interactions with the
platform, and usage patterns. All collected data were deidentified
and anonymized to ensure participant privacy and
confidentiality. Data management procedures adhered to
institutional and regulatory guidelines, ensuring data security
and integrity, with access restricted to authorized personnel.
Measures were in place to maintain data security, integrity, and
confidentiality throughout the analysis process.

Statistical Analysis

Analysis and Group Comparability
Descriptive statistics were used to summarize participant
characteristics and their engagement with DPS and EAP
services. To assess differences in service utilization and
sentiment scores between pre-DPS and post-DPS groups, paired
t tests (2-tailed) were conducted for continuous data (eg, session
frequency), and chi-square tests were used for categorical data
(eg, gender, emotional concern). As DPS is anonymous, it was
not possible to directly track which EAP participants used the
service. Using volunteered age and gender data from DPS

participants as a starting point, propensity score matching was
applied to control for potential confounders such as age, gender,
and emotional concern, ensuring group comparability before
DPS integration.

Mood Categorization
Clinical counseling experts reviewed the emotional concerns
reported by DPS participants, categorizing them into mood
categories such as depression, anxiety, adjustment, and relational
concerns to align DPS participants with the presenting emotional
concerns of EAP participants. The counseling experts were 2
licensed psychologists with doctoral degrees in counseling
psychology and a combined 50 years of experience in the field.
The clinical interpretation process, guided by the
Biopsychosocial Model [37], involved categorizing participants’
emotional struggles into mood categories. This model integrates
biological, psychological, and social dimensions to provide a
comprehensive understanding of mental health. For example,
participants’ reports of feeling “trapped” or “isolated” were
examined through a psychological lens to identify depressive
thought patterns, while work-related stress (eg, “I hate my boss”)
was contextualized within the social environment to classify
relational concerns [38]. By incorporating these factors, the
model enabled clinical experts to holistically interpret
participants’struggles, ensuring that the categorizations captured
the complexity of their emotional experiences. The
categorization process involved initially reviewing the raw data
from participants’ reported “struggles” and presenting concerns
in therapy individually, followed by cross-validation between
the 2 experts to ensure consistency. This collaborative step
helped reconcile differences in categorization and address
overlapping cases. It is important to note that neither the
text-based struggle data from DPS nor the presenting concerns
from EAP represented formal diagnoses; rather, they reflected
participants’ personal interpretations of their symptoms.
Keywords such as helpless or sadness were flagged for
depression-related presenting concerns, while terms related to
fear, excessive worry, or panic were matched with
anxiety-focused concerns. In cases where symptoms overlapped
(eg, depression and anxiety), the experts aligned their
categorizations based on the primary presenting concern
reflected in the participant’s statement. For example, if a
participant’s statement indicated feelings of hopelessness and
despair alongside anxious thoughts, the struggle was categorized
as depression. Alternatively, if worry or nervousness
predominated, it was categorized as anxiety. In scenarios where
a specific relationship was mentioned alongside anxious or
depressive feelings, the struggle was categorized primarily as
a relational concern. Symptom overlap was resolved by
categorizing the statement according to the dominant theme
present in the participant’s experience. Table 1 provides
examples of these interpretations.
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Table 1. Clinical interpretation of comparable emotional concerns shared on digital peer support service with employee assistance program service.

Presenting concernaParticipant’s struggle

Depression“I am feeling pretty suicidal and trapped. I am new to my work from home job and I need help, resources, a plan
something or this will only get worse. I am trapped with no transportation, no friends or any meaningful relationships
in life. Just a work schedule and I’m isolated.”

Relational concern“I hate my job and my boss”

Anxiety/stress“I’ve been feeling a lot of anxiety around work and my personal life”

Substance use“Alcohol addiction”

aThese are not diagnoses, they are layperson understandings.

Sentiment Analysis
Peer-to-peer conversations were analyzed to produce a
quantitative measure of emotional change. Each participant’s
chat session, referred to as a “user-chat-session” or simply
“user-chat,” was treated as an independent unit of analysis,
regardless of whether the same participant took part in multiple
sessions. As the DPS service is anonymous, each user and their
experience in a given chat session were considered separately,
without combining data from different sessions for the same
user. This approach ensures that each user’s experience is
analyzed in isolation, providing a more accurate, user-centric
view of emotional changes.

Each user’s message was analyzed in the context of preceding
messages from other users to capture their emotional journey
throughout the chat session. Context was defined as the
concatenation of all preceding messages from other users in the
same chat, starting from the latest message of the user of interest.
A user’s initial struggle and first message had no prior context
and were evaluated with an empty context. For example, in the
following conversation:

userA: message1

userB: message2

moderator: message3

userA: message4

userB: message5

This example assumes that message1 and message2 are the first
messages of user A and user B, respectively, in the chat session.

User A’s emotional journey was quantified by evaluating
message1 with an empty context and message4 in the context
of message2 + message3. Similarly, for user B, message2 was
evaluated without context, and message5 was evaluated in the
context of message3 + message4.

Each user’s message, along with its corresponding context, was
evaluated for sentiments of sadness, loneliness, and stress using
a scale of 1-10, where 1 indicates low intensity, 5 indicates
moderate intensity, and 10 indicates high intensity of the
sentiment. The analysis focused on chat sessions where
participants exhibited at least moderate sentiment intensity
(score≥5) from the beginning.

A third-party, public natural language processing model from
OpenAI, called GPT-4, was used to assign sentiment scores to
each user message and its preceding context [39]. A few-shot
learning approach was applied, where the model was provided
with 10 examples representing different sentiment intensities
to calibrate its interpretations [40]. GPT-4 demonstrates an
advanced capacity to interpret emotion, surpassing benchmarks
from the general population and offering highly congruent
performance in emotion interpretation [41]. See Table 2 for
examples provided to GPT-4 to predict loneliness levels.

Sentiment analysis evaluated each user’s chat messages in
temporal order. The quantified emotions were then interpolated
and extrapolated to generate a collective sentiment trend across
peer-to-peer chats of varying lengths. A one-sided
Mann-Whitney U test was used to compare emotion scores at
the start and end of the conversations.

Table 2. Examples provided to GPT-4 to interpret loneliness intensities in a few-shot manner.

LonelinessIntensities

“Take care everyone. Thanks for the great talk”1=low

“I went on Monday and today. After today's class is when I felt worse as I chatted with a lady in class who told me that
she got really depressed when she retired.”

5=moderate

“I just always feel totally alone. Like no one understands what is going on in my head”10=high

SROI Methodology
Historically, the SROI methodology has relied on qualitative
methods to identify outcome themes most relevant to
participants, followed by quantitative approaches to determine
monetary proxies for the identified outcomes and related values
[41].

With the advent of natural language processing models,
significantly larger volumes of text-based data can now be
analyzed, allowing qualitative data to be graphically represented.
This study utilized text-based data from peer group
participants—including open-ended questions, affirmations,
reflective questions, and summaries—to examine changes in
sentiments such as sadness, loneliness, and stress within
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peer-support chats [42]. The SROI methodology was applied
to assess the social value created by integrating DPS into the
EAP. Qualitative data from peer-to-peer conversations, including
open-ended questions, affirmations, and summaries, were
analyzed to understand sentiment changes and emotional shifts
within the peer group chats. Quantitative methods were used to
calculate a monetary proxy for the emotional outcomes. The
Sopact SROI calculator, available on the Sopact website [41],
was utilized to determine the social value generated by the DPS
service, incorporating factors such as enhanced emotional
well-being and cost savings from reduced therapy usage. Given
the novelty of DPS and its integration into the EAP, a small
sample size was anticipated. This limitation was addressed
through rigorous matching techniques and statistical analyses
to ensure the findings remained valid and robust despite the
smaller sample size. Moreover, it is acknowledged that some
participants may have preferred individual counseling services
over DPS, potentially introducing selection bias among those
who opted for the DPS model.

Ethical Considerations
Informed consent was obtained from all participants before their
involvement in the study. The consent process included clear
explanations of the research’s purpose, data collection methods,
and the measures implemented to ensure participant privacy
and confidentiality. All data collected were deidentified to
safeguard participants’ anonymity. The study complied with all
institutional and regulatory guidelines related to data protection
and participant privacy. To ensure participant safety within the
DPS, real-time moderation was provided by trained human

moderators specializing in digital safety monitoring.
Furthermore, the Pearl Institutional Review Board reviewed
and approved the study (approval ID 2024-0442).

Results

Total DPS Utilization
• Study hypothesis 1: The introduction of the 24/7 DPS

service may be associated with utilization changes of EAP
counseling services within a 5-session model, specifically
among participants who engage with DPS.

Out of 587 total chats, 432 took place between 5 PM and 8 AM,
hours when most therapy offices are typically closed. Chats
lasting less than 5 minutes were excluded from the analysis, as
the initial 5 minutes are generally used for introductions and
setting expectations [30]. Consequently, 107 chats were omitted.
A summary of the data is provided in Table 3.

When categorized by duration, the data revealed that 103 chats
lasted between 0 and 9 minutes 59 seconds, 138 chats between
10 and 19 minutes and 59 seconds, and 59 chats between 20
and 29 minutes and 59 seconds. Additionally, 44 chats lasted
between 30 and 39 minutes and 59 seconds, 34 chats between
40 and 49 minutes and 59 seconds, and 31 chats between 50
and 59 minutes and 59 seconds. While longer chats were less
common, they occurred consistently: 36 chats lasted between
60 and 89 minutes and 59 seconds, 25 chats between 90 and
119 minutes and 59 seconds, and 9 chats exceeded 120 minutes.
Refer to Figure 1 for further details.

Table 3. Peer support program utilization data.

ValueMetric

480Total chats, n

7219Total messages, n

254:17:57Total duration, hours:minutes:seconds

0:31:51Average duration, hours:minutes:seconds

0:05:02Shortest duration, hours:minutes:seconds

3:19:11Longest duration, hours:minutes:seconds
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Figure 1. Chat duration distribution.

Pre-Post Analysis

Matched Cohort Analysis
To evaluate the utilization impact of DPS on the EAP’s
5-session model, semimatched cohorts were created for the
periods before (June 2022 to May 2023) and after DPS
implementation (June 2023 to May 2024). Because of the
anonymous nature of the DPS service, only participants who
voluntarily provided their age and gender were included in the
matching process for analysis in the EAP’s pre- and post-DPS
cohorts. The matching variables comprised age, gender, and
presenting emotional concerns.

Sample
Data on presenting emotional concerns were readily available
based on participants’ responses to the question, “What’s your
struggle?”—the sole query asked before matching them with
the DPS service. A total of 45 unique users provided both their
age and gender information voluntarily. These users ranged in
age from 18 to 51 years, with a mean age of 34.97 (SD 9.71)
years. Gender distribution was as follows: 18 (40%) males, 26
(58%) females, and 1 (2%) nonbinary individual.

The availability of participant age, gender, and emotional
concern data from the DPS service enabled the creation of a
matched pre-DPS EAP cohort. The frequency of emotional
concerns in the peer support program sample is presented in
Table 4.

Table 4. Emotional concern frequency in the digital peer support sample (n=45).

Value, n (%)Emotional concern type

1 (2)Adjustment

18 (40)Depression

8 (18)Anxiety

2 (4)Posttraumatic stress disorder

14 (31)Relational concern

2 (4)Substance use

Statistical Analysis
Using age and gender data from the DPS service participant
pool, a total sample of 72 EAP participants—36 pre-DPS and
36 post-DPS—was analyzed for differences. The ages of EAP
participants ranged from 18 to 51 years, with a mean age of

33.86 (SD 8.18) years. Females comprised the majority of
participants (n=68, 94%), while males accounted for a smaller
proportion (n=4, 6%) in both the pre- and post-DPS cohorts.

To assess the impact of the DPS addition, a paired samples t
test (2-tailed) was performed, comparing the number of therapy
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sessions utilized by participants pre- and post-DPS within the
matched cohort. The analysis revealed a mean difference of
–2.07 (SD 1.77) sessions (t71=9.92; P<.001), indicating a
significant reduction in the number of therapy sessions used
after the intervention. These findings suggest that the
intervention may have been associated with a decrease in therapy
session utilization among the sampled participants.

Effect Size
In addition to the t test, Cohen d was calculated to determine
the effect size of the intervention. Based on Cohen guidelines,
effect sizes are classified as small (0.2), medium (0.5), and large
(0.8). The effect size in this study was 1.77, which is considered
large. This suggests that the DPS service had a substantial
impact on reducing the number of therapy sessions utilized by
participants.

The CI for the mean difference in therapy session utilization
was calculated to be between –1.47 and –0.87 at the 95% CI

level. This range further supports the reliability of the observed
reduction in session utilization, providing evidence that the DPS
service may have effectively decreased the number of therapy
sessions used by participants in the small sample group.

• Study hypothesis 2: Participants who utilize the DPS service
will experience significant changes in sentiment (eg,
reduced sadness, loneliness, and stress) throughout their
engagement with the service.

Sentiment Change
From the DPS service’s sampled cohort (n=45), sentiment
changes for sadness, loneliness, and stress were investigated
for each user chat. The results are presented in Figures 2-4,
showing the changes in sentiment for these 3 emotions. All 3
emotions demonstrated statistically significant reductions
(sadness, loneliness, and stress: P<.001) in sentiment intensity
during the chat sessions. The sentiment intensity levels are
categorized as follows: 1-4 as “low,” 4-7 as “moderate,” and
7-10 as “high.”

Figure 2. Significant (P<.001) changes in sadness sentiment during chats.
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Figure 3. Significant (P<.001) changes in loneliness sentiment during chats.

Figure 4. Significant (P<.001) changes in stress sentiment during chats.
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Social Return on Investment Analysis
SROI assigns financial proxies to quantify the value of each
identified sentiment change, enabling the attribution of a market
price when no direct market value exists [41]. The proxies were
carefully selected based on their relevance and supported by
cited research studies to ensure the credibility of the assigned

market prices. Table 5 presents the financial proxies used for
each sentiment.

• Study hypothesis 3: The integration of DPS into the EAP
will generate a positive SROI, reflecting the added value
of peer support services for EAP clientele.

Table 5. Financial proxies for each sentiment.

CostFinancial proxyFactors in which digital peer
support users experience a reduc-
tion

Average unit cost of treating someone with depression
(National Institutes of Health)

Sadness • PPPYa: US $10,074 (SD $25,694)
• PPPMb,c: US $839.50

Average unit cost of treating someone with objective isola-
tion and loneliness (National Institutes of Health)

Loneliness and isolation • PPPY: US $1643 in Medicare spending (objective
isolation)

• PPPM: US $136.92

Average unit cost of treating someone with stressStress (eg, generalized anxiety) • PPPY: US $6475
• PPPM: US $539.58

aPPPY: per person per year.
bPPPM: per person per month.
cPPPM calculations were made by dividing the PPPY value by 12 months.

SROI Analysis
The primary objective of this SROI analysis is to calculate and
present a ratio that compares the cost of investment (US $) in
an intervention with the total social, environmental, and
economic value (US $) it generates. To prevent overestimation,
the SROI methodology recommends certain considerations (see
Table 6) [41].

The SROI analysis demonstrated that the DPS program
generates positive social value, complementing overall
treatment. The SROI values ranged from US $1.66 (loneliness)
to US $2.50 (stress) to US $2.58 (sadness) for every dollar
invested. Detailed calculations for the impact ratio are available
in Multimedia Appendix 1.

Table 6. Factors considered for calculating the social return on investment impact ratio.

DescriptionFactor

A measure to describe the amount of an outcome that would have happened anyway, even if the DPSa service had
not been offered. For example, the participants experiencing reductions in momentary loneliness may have a deadweight
value of 10% from simply joining the DPS chat, but without further intervention from the peer support moderator or
other peers.

Deadweight

An assessment of what activities or services are displaced by the presence of the digital peer group. There was no
evidence of displacement as, before the digital support option was added, there were no after-hours DPS chat services
for employee assistance program members to access.

Displacement

A measure to consider how much of an identified theme is a result of the group studied or is influenced by external
factors, for example, if participants also attend another service, such as counseling, which reduces their sense of
chronic sadness, a conservative estimate of 20% of the identified momentary sentiment change may be attributed to
the group studied.

Attribution

The percentage of the outcome that decreases after the intervention is complete. For example, a conservative percentage
of 10% re-emergence of stress may be expected after the user ends their DPS chat due to a return to their stressful
environment.

Dropoff

aDPS: digital peer support.

Discussion

Principal Findings
The study examined the impact of integrating a DPS service
within an EAP on utilization rates, sentiment change, and
therapy session use over 1 year. Additionally, it assessed the
social, environmental, and economic impact of the DPS service

by estimating an SROI value. Results indicated that DPS service
utilization primarily occurred after hours. In the matched sample,
participants used fewer therapy sessions post-DPS integration.
The SROI ranged from US $1.66 to US $2.50 to US $2.58 for
every dollar invested for loneliness, stress, and sadness
sentiments, respectively. These findings suggest that combining
DPS with traditional EAP services may provide noncrisis
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emotional support after hours, potentially reducing EAP therapy
session use for lower-acuity emotional concerns. This, in turn,
could allow EAPs to allocate funds toward additional ancillary
support services and enable employers to benefit from a positive
SROI.

The study’s findings—that participants experience significant
improvements in sentiment, such as reduced sadness, loneliness,
and stress—align with existing literature on patient activation
[7,8]. Research indicates that when individuals are
activated—meaning they gain confidence and skills in managing
their health—they tend to experience improvements in emotional
well-being [8]. By providing peer support that fosters autonomy
and self-efficacy, participants can develop coping strategies that
reduce distress and promote mental health [43]. This aligns with
findings that patient activation leads to better emotional
outcomes through the development of personal coping
mechanisms and self-management [8]. The positive SROI from
integrating DPS into EAP services is also consistent with the
literature on patient activation. Activated patients, who feel
more in control of their health, contribute to more efficient
resource utilization and improved outcomes [44]. The integration
of peer support services such as DPS has been shown to enhance
engagement with formal mental health services, creating value
not only for individuals but also for the broader service system
[44]. This supports the idea that empowering individuals through
peer support can yield both personal and systemic benefits,
ultimately leading to a positive SROI.

The study may also contribute to the quality of life literature,
which is commonly used in cost-effectiveness studies.
Health-related quality of life (HRQoL) refers to a person’s
physical, emotional, and social well-being as influenced by a
health intervention [45]. While this study did not include
standardized HRQoL assessments (eg, 36-item Short Form
[SF-36] or EQ-5D) due to real-world data collection constraints
and the anonymous nature of the DPS service, sentiment changes
and therapy utilization could serve as HRQoL proxies [46].
Significant reductions in sadness, loneliness, and stress during
DPS chats suggest improvements in emotional well-being, a
core component of HRQoL. The reduction in momentary
negative sentiments may indicate that participants used DPS as
a coping mechanism for emotional stability. Additionally, the
suggested decrease in therapy sessions implies that participants
may have achieved better emotional regulation or relief through
DPS, ultimately impacting their overall quality of life. Relatedly,
the high utilization of DPS after hours addresses a gap in
traditional mental health services and may contribute to
participants’perceived control over their emotional health. Such
improvements in HRQoL proxies could translate into better job
performance [47] and employee satisfaction [48], while also
serving as a valuable complement to therapy. This approach
allows mental health providers to focus on higher-acuity cases
while DPS services address lower-acuity concerns—key
objectives for most EAP organizations [48]. Finally, the
calculated SROI highlights tangible benefits for emotional health
(eg, sadness, loneliness, stress), further demonstrating the
intervention’s effectiveness in enhancing HRQoL’s
socioemotional components.

The study’s findings further align with existing literature in
several key areas. The use of AI for matching participants with
peers who have shared lived experiences, as well as for
sentiment analysis, supports growing evidence that AI can
enhance the personalization and efficiency of life struggle and
nonmental health services [49-52] This study offers several
novel contributions to the literature on mental health
interventions and EAPs. It is among the first to demonstrate
that integrating a DPS service with EAPs may enhance
after-hours support, reduce the utilization of EAP therapy
sessions—allowing EAPs to allocate resources more effectively
for higher-acuity emotional concerns—and provide
supplementary SROI. DPS services are unique within the EAP
environment and may be particularly valuable for EAP
participants who are not yet ready to confront the stigma or
commitment often associated with therapy [53] but still benefit
from peer support. By leveraging AI-driven natural language
processing to match users based on their struggles and
conducting sentiment analysis on chat narratives, this study
highlights an innovative use of technology to enhance support
for stress and life challenges. Conducted in a naturalistic setting
with a diverse sample, the study’s design strengthens ecological
validity, demonstrating the practical feasibility and effectiveness
of DPS in real-world organizational environments.

Study Limitations
This study faced several potential threats to both internal and
external validity and implemented strategies to mitigate these
issues. One threat to internal validity was the influence of
external events (history) during the study period (June 2023 to
May 2024) [54,55]. To address this, a comparison group from
the previous year (June 2022 to May 2023) was used, and
quarterly data monitoring helped identify and adjust for
significant external changes [55]. Matched samples based on
additional demographics were not possible due to the anonymity
of DPS users. Future research using alternative study designs
with nonanonymized data may be necessary.

Maturation effects, referring to the natural changes in
participants’ mental health over time, were addressed using a
cohort design with propensity score matching. This approach
ensured that participants in both the intervention and control
groups were similar in age, gender, and presenting concerns
[56]. By balancing the groups, it minimized the impact of
maturation on the results [56]. Additionally, selection bias was
mitigated through propensity score matching, which created
comparable groups by matching participants in the pre-DPS
and post-DPS periods based on key demographics and
presenting concerns [57].

Experimental mortality, or dropout, was another concern. To
address this, the study included multiple participants matched
on the same variables, ensuring that the analysis could proceed
even if some participants dropped out [57]. A diverse sample
across age and gender was included to reduce the impact of
selection biases on generalizability. Additionally, conducting
the study in a naturalistic setting, where participants used the
DPS and EAP services as they would in real life, helped
minimize the reactive effects of experimental arrangements,
enhancing ecological validity [55]. Furthermore, the availability
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and normalization of the EAP program may have influenced
participant engagement. EAP programs are voluntary for
companies in the United States, Australia, Canada, and England,
whereas Nordic countries have legal mandates requiring
mandatory EAPs [58]. This distinction is relevant from the
perspective of patient activation. Voluntary EAPs may require
high awareness and active promotion to engage participants and
may primarily attract individuals with higher activation or those
who are more self-directed. As a result, individuals with lower
activation or those in the early stages of their mental health
concerns may remain underserved [58]. Additionally, factors
such as program promotion and mental health stigma could
contribute to uneven access across the workforce. By contrast,
mandatory EAPs may help normalize access to mental health
support, encourage early and preventive engagement, and
promote continuity of care by integrating with public health
systems, unlike the segmentation often seen with voluntary
EAPs [59]. Limitations of the SROI process include the
complexity of assigning financial proxies to sentiment change
and the availability of data required for robust calculations, such
as displacement and attribution values. A key risk in SROI
analysis is an overemphasis on the ratio itself, without
considering the underlying content, which provides deeper
insight into the value created by different groups [58]. By
acknowledging and addressing these challenges through design
and analysis strategies, the study generated meaningful insights
into the impact of integrating DPS services within an EAP.

Future Research
The study opens several avenues for future research. Long-term
impact assessments are needed to evaluate how integrating DPS
with EAP services influences therapy utilization and outcomes
over extended periods. A broader demographic analysis could
provide insights into how factors such as age, socioeconomic
status, and cultural background affect engagement with these
services. Additionally, incorporating qualitative insights may
help illuminate user experiences and satisfaction, offering a
deeper understanding of which aspects of the service are most
effective or subjectively valued by clients.

Future research could also compare DPS with other digital
mental health interventions to identify which models offer the

greatest benefits in different contexts. Investigating how DPS
integrates with other mental health services, such as primary
care or community programs, could provide a more
comprehensive understanding of its role within the broader
health care system. While comparisons of single- versus
multilayered support ecosystems fall beyond the scope of this
study, they represent a valuable avenue for future exploration
(eg, digital mental health vs in-person services or EAP vs DPS).
Additionally, examining DPS’s impact on different mental
health conditions and conducting a detailed economic analysis
of cost savings could further strengthen the case for its adoption.
Moreover, this study did not calculate quality-adjusted life years;
however, the observed improvements and associated cost
reductions provide strong support for the intervention’s
economic value. Future research could explore additional
methods to further quantify these benefits. These efforts would
deepen our understanding of DPS’effectiveness and its potential
applications across diverse settings.

Conclusions
This study demonstrates that integrating DPS services within
an EAP may influence therapy utilization, allowing EAPs to
serve higher-acuity clients while lower-acuity clients access
supplementary support, such as DPS, for everyday emotional
needs. Additionally, the research highlights the potential social,
environmental, and broader economic benefits of incorporating
DPS services into the emotional support ecosystem, with
positive estimated SROI outcomes. By leveraging AI-driven
natural language processing for user matching and sentiment
analysis, the study underscores the potential of technology to
enhance stress management, address life challenges, support
mental health, and optimize resource allocation. The findings
emphasize the need for further research into DPS effectiveness,
particularly regarding long-term impacts, demographic
variations, and comparative effectiveness with other
interventions. Overall, this study provides valuable insights into
the evolving landscape of digital mental health services,
reinforcing their role in enhancing organizational wellness
programs and identifying key areas for future exploration to
maximize their potential.

 

Conflicts of Interest
Authors HN and ZD disclose an employment relationship at Supportiv. RAM discloses a founder, financial, and an employment
relationship at MINES and Associates. Available precautions were taken by all authors to minimize the impact of these affiliations
on the study design, data collection, analysis, or interpretation of the findings. All other authors declare no further conflicts of
interest.

Multimedia Appendix 1
Breakdown of SROI calculations as calculated using the SROI calculator available on the Sopact website. SROI: social return
on investment.
[DOCX File , 8 KB - humanfactors_v12i1e68221_app1.docx ]

References
1. World Health Organization (WHO). The world health report. WHO. Geneva, Switzerland: WHO; 2001. URL: https://www.

who.int/news/item/28-09-2001-the-world-health-report-2001-mental-disorders-affect-one-in-four-people [accessed
2025-02-14]

JMIR Hum Factors 2025 | vol. 12 | e68221 | p.923https://humanfactors.jmir.org/2025/1/e68221
(page number not for citation purposes)

Nagra et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=humanfactors_v12i1e68221_app1.docx&filename=b198c5e02a33cd8b48030a149616e637.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e68221_app1.docx&filename=b198c5e02a33cd8b48030a149616e637.docx
https://www.who.int/news/item/28-09-2001-the-world-health-report-2001-mental-disorders-affect-one-in-four-people
https://www.who.int/news/item/28-09-2001-the-world-health-report-2001-mental-disorders-affect-one-in-four-people
http://www.w3.org/Style/XSL
http://www.renderx.com/


2. Nowrouzi-Kia B, Haritos AM, Long BS, Atikian C, Fiorini LA, Gohar B, et al. Remote work transition amidst COVID-19:
impacts on presenteeism, absenteeism, and worker well-being-a scoping review. PLoS One 2024;19(7):e0307087 [FREE
Full text] [doi: 10.1371/journal.pone.0307087] [Medline: 39024322]

3. Abramson A. Burnout and stress are everywhere. American Psychological Association. 2022 Jan 1. URL: https://www.
apa.org/monitor/2022/01/special-burnout-stress [accessed 2024-10-23]

4. Ling LM. Prevalence of mental health and its impact on employee productivity. Reviews of Contemporary Business
Analytics 2023;6(1):1-13 [FREE Full text]

5. Terlizzi E, Schiller J. Mental health treatment among adults aged 18-44: United States, 2019-2021. NCHS Data Brief 2022
Sep(444):1-8 [FREE Full text] [Medline: 36135999]

6. Wu A, Roemer E, Kent K, Ballard D, Goetzel R. Organizational best practices supporting mental health in the workplace.
Journal of Occupational & Environmental Medicine 2021;63(12):e925-e931. [doi: 10.1097/jom.0000000000002407]

7. Hibbard JH, Stockard J, Mahoney ER, Tusler M. Development of the Patient Activation Measure (PAM): conceptualizing
and measuring activation in patients and consumers. Health Serv Res 2004 Aug;39(4 Pt 1):1005-1026 [FREE Full text]
[doi: 10.1111/j.1475-6773.2004.00269.x] [Medline: 15230939]

8. Hibbard JH, Greene J. What the evidence shows about patient activation: better health outcomes and care experiences;
fewer data on costs. Health Aff (Millwood) 2013 Feb;32(2):207-214. [doi: 10.1377/hlthaff.2012.1061] [Medline: 23381511]

9. Miele DB, Scholer AA. Self-regulation of motivation. In: Handbook of Motivation at School. New York, NY: Routledge;
2016:375-396.

10. Burns D. The Feeling Good Handbook: The Groundbreaking Program With Powerful New Techniques and Step-by-Step
Exercises to Overcome Depression, Conquer Anxiety, and Enjoy Greater Intimacy. Washington, D.C: Plume; 1999.

11. Koechlin H, Coakley R, Schechter N, Werner C, Kossowsky J. The role of emotion regulation in chronic pain: a systematic
literature review. J Psychosom Res 2018 Apr;107:38-45. [doi: 10.1016/j.jpsychores.2018.02.002] [Medline: 29502762]

12. Chinman M, George P, Dougherty RH, Daniels AS, Ghose SS, Swift A, et al. Peer support services for individuals with
serious mental illnesses: assessing the evidence. Psychiatr Serv 2014 Apr 01;65(4):429-441. [doi: 10.1176/appi.ps.201300244]
[Medline: 24549400]

13. Berry LL, Mirabito AM, Baun WB. What's the hard return on employee wellness programs? Harvard Business Review.
2010 Dec 1. URL: https://hbr.org/2010/12/whats-the-hard-return-on-employee-wellness-programs [accessed 2024-10-23]

14. Senn S, Orgera K, Ramirez L. Who's your therapist? Examining the behavioral health workforce. Association of American
Medical Colleges. 2023 Oct 26. URL: https://www.aamcresearchinstitute.org/our-work/data-snapshot/whos-your-therapist
#:~:text=The%20behavioral%20health%20workforce%20typically,health%20care%20model%20and%20organization
[accessed 2025-02-14]

15. Modi H, Orgera K, Grover A. Exploring barriers to mental health care in the U.S. Research and Action Institute. 2022 Oct
10. URL: https://www.aamcresearchinstitute.org/our-work/issue-brief/exploring-barriers-mental-health-care-us [accessed
2024-10-23]

16. Fact sheet: President Biden to announce strategy to address our national mental health crisis, as part of unity agenda in his
First State of the Union. The White House. 2022 Mar 1. URL: https://www.whitehouse.gov/briefing-room/statements-releases/
2022/03/01/fact-sheet-president-biden-to-announce-strategy-to-address-our-national-mental-health-crisis-as-part-of-unity
-agenda-in-his-first-state-of-the-union [accessed 2024-10-23]

17. Tracy K, Wallace S. Benefits of peer support groups in the treatment of addiction. SAR 2016 Sep;Volume 7:143-154. [doi:
10.2147/sar.s81535]

18. Fortuna KL, Venegas M, Umucu E, Mois G, Walker R, Brooks JM. The Future of Peer Support in Digital Psychiatry:
Promise, Progress, and Opportunities. Curr Treat Options Psych 2019 Jun 20;6(3):221-231. [doi:
10.1007/s40501-019-00179-7]

19. 24 Million Americans Still Lack Broadband Connectivity. The Pew Charitable Trusts. 2018. URL: https://www.pewtrusts.org/
en/research-and-analysis/fact-sheets/2018/07/24-million-americans-still-lack-broadband-connectivity [accessed 2024-10-23]

20. Institute of Medicine. Health literacy: a prescription to end confusion. The National Academies Press. URL: https://nap.
nationalacademies.org/catalog/10883/health-literacy-a-prescription-to-end-confusion?onpi_newsdoc04082004= [accessed
2024-10-23]

21. Ryan R, Deci EL. Self-Determination Theory: Basic Psychological Needs in Motivation, Development, and Wellness. New
York, NY: Guilford Publications; 2018.

22. Deci E, Ryan R. Handbook of Self-Determination Research. Rochester, NY: University Rochester Press; 2004.
23. Schwei RJ, Hetzel S, Kim K, Mahoney J, DeYoung K, Frumer J, et al. Peer-to-peer support and changes in health and

well-being in older adults over time. JAMA Netw Open 2021 Jun 01;4(6):e2112441. [doi:
10.1001/jamanetworkopen.2021.12441] [Medline: 34129024]

24. Kaplan K, Salzer MS, Solomon P, Brusilovskiy E, Cousounis P. Internet peer support for individuals with psychiatric
disabilities: A randomized controlled trial. Social Science & Medicine 2011 Jan;72(1):54-62. [doi:
10.1016/j.socscimed.2010.09.037]

JMIR Hum Factors 2025 | vol. 12 | e68221 | p.924https://humanfactors.jmir.org/2025/1/e68221
(page number not for citation purposes)

Nagra et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://dx.plos.org/10.1371/journal.pone.0307087
https://dx.plos.org/10.1371/journal.pone.0307087
http://dx.doi.org/10.1371/journal.pone.0307087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39024322&dopt=Abstract
https://www.apa.org/monitor/2022/01/special-burnout-stress
https://www.apa.org/monitor/2022/01/special-burnout-stress
https://researchberg.com/index.php/rcba/article/view/92
http://www.cdc.gov/nchs//data/databriefs/db444.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36135999&dopt=Abstract
http://dx.doi.org/10.1097/jom.0000000000002407
http://europepmc.org/abstract/MED/15230939
http://dx.doi.org/10.1111/j.1475-6773.2004.00269.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15230939&dopt=Abstract
http://dx.doi.org/10.1377/hlthaff.2012.1061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23381511&dopt=Abstract
http://dx.doi.org/10.1016/j.jpsychores.2018.02.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29502762&dopt=Abstract
http://dx.doi.org/10.1176/appi.ps.201300244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24549400&dopt=Abstract
https://hbr.org/2010/12/whats-the-hard-return-on-employee-wellness-programs
https://www.aamcresearchinstitute.org/our-work/data-snapshot/whos-your-therapist#:~:text=The%20behavioral%20health%20workforce%20typically,health%20care%20model%20and%20organization
https://www.aamcresearchinstitute.org/our-work/data-snapshot/whos-your-therapist#:~:text=The%20behavioral%20health%20workforce%20typically,health%20care%20model%20and%20organization
https://www.aamcresearchinstitute.org/our-work/issue-brief/exploring-barriers-mental-health-care-us
https://www.whitehouse.gov/briefing-room/statements-releases/2022/03/01/fact-sheet-president-biden-to-announce-strategy-to-address-our-national-mental-health-crisis-as-part-of-unity-agenda-in-his-first-state-of-the-union
https://www.whitehouse.gov/briefing-room/statements-releases/2022/03/01/fact-sheet-president-biden-to-announce-strategy-to-address-our-national-mental-health-crisis-as-part-of-unity-agenda-in-his-first-state-of-the-union
https://www.whitehouse.gov/briefing-room/statements-releases/2022/03/01/fact-sheet-president-biden-to-announce-strategy-to-address-our-national-mental-health-crisis-as-part-of-unity-agenda-in-his-first-state-of-the-union
http://dx.doi.org/10.2147/sar.s81535
http://dx.doi.org/10.1007/s40501-019-00179-7
https://www.pewtrusts.org/en/research-and-analysis/fact-sheets/2018/07/24-million-americans-still-lack-broadband-connectivity
https://www.pewtrusts.org/en/research-and-analysis/fact-sheets/2018/07/24-million-americans-still-lack-broadband-connectivity
https://nap.nationalacademies.org/catalog/10883/health-literacy-a-prescription-to-end-confusion?onpi_newsdoc04082004=
https://nap.nationalacademies.org/catalog/10883/health-literacy-a-prescription-to-end-confusion?onpi_newsdoc04082004=
http://dx.doi.org/10.1001/jamanetworkopen.2021.12441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34129024&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2010.09.037
http://www.w3.org/Style/XSL
http://www.renderx.com/


25. Fortuna KL, Naslund JA, LaCroix JM, Bianco CL, Brooks JM, Zisman-Ilani Y, et al. Digital peer support mental health
interventions for people with a lived experience of a serious mental illness: systematic review. JMIR Ment Health 2020
Apr 03;7(4):e16460. [doi: 10.2196/16460] [Medline: 32243256]

26. Rotondi AJ, Haas GL, Anderson CM, Newhill CE, Spring MB, Ganguli R, et al. A clinical trial to test the feasibility of a
telehealth psychoeducational intervention for persons with schizophrenia and their families: intervention and 3-month
findings. Rehabil Psychol 2005 Nov;50(4):325-336 [FREE Full text] [doi: 10.1037/0090-5550.50.4.325] [Medline: 26321774]

27. Rotondi AJ, Anderson CM, Haas GL, Eack SM, Spring MB, Ganguli R, et al. Web-based psychoeducational intervention
for persons with schizophrenia and their supporters: one-year outcomes. Psychiatric Services 2010 Nov 01;61(11):1099-1105.
[doi: 10.1176/appi.ps.61.11.1099]

28. Biagianti B, Quraishi SH, Schlosser DA. Potential benefits of incorporating peer-to-peer interactions into digital interventions
for psychotic disorders: a systematic review. Psychiatr Serv 2018 Apr 01;69(4):377-388. [doi: 10.1176/appi.ps.201700283]
[Medline: 29241435]

29. Naslund JA, Aschbrenner KA, Marsch LA, Bartels SJ. The future of mental health care: peer-to-peer support and social
media. Epidemiol Psychiatr Sci 2016 Apr;25(2):113-122 [FREE Full text] [doi: 10.1017/S2045796015001067] [Medline:
26744309]

30. Simms L, Ottman KE, Griffith JL, Knight MG, Norris L, Karakcheyeva V, et al. Psychosocial peer support to address
mental health and burnout of health care workers affected by COVID-19: a qualitative evaluation. Int J Environ Res Public
Health 2023 Mar 03;20(5):4536 [FREE Full text] [doi: 10.3390/ijerph20054536] [Medline: 36901545]

31. Long KH, Moriarty JP, Mittelman MS, Foldes SS. Estimating the potential cost savings from the New York University
Caregiver Intervention in Minnesota. Health Aff (Millwood) 2014 Apr;33(4):596-604. [doi: 10.1377/hlthaff.2013.1257]
[Medline: 24711320]

32. Bassuk EL, Hanson J, Greene RN, Richard M, Laudet A. Peer-delivered recovery support services for addictions in the
United States: a systematic review. J Subst Abuse Treat 2016 Apr;63:1-9. [doi: 10.1016/j.jsat.2016.01.003] [Medline:
26882891]

33. Rayland A, Andrews J. From Social Network to Peer Support Network: Opportunities to Explore Mechanisms of Online
Peer Support for Mental Health. JMIR Ment Health 2023 Feb 28;10:e41855. [doi: 10.2196/41855]

34. Madaan A, Zhou S, Alon U, Yang Y, Neubig G. Language models of code are few-shot commonsense learners. In:
Proceedings of the 2022 Conference on Empirical Methods in Natural Language Processing. New York, NY: Association
for Computing Machinery; 2022 Presented at: The 2022 Conference on Empirical Methods in Natural Language Processing;
December 7-11, 2022; Abu Dhabi, United Arab Emirates. [doi: 10.18653/v1/2022.emnlp-main.90]

35. Engel G. The need for a new medical model: a challenge for biomedicine. Science 1977 Apr 08;196(4286):129-136. [doi:
10.1126/science.847460] [Medline: 847460]

36. Nicholls J, Lawlor E, Neitzert E, Goodspeed T. A guide to social return on investment (SROI) (Revised). Socioeco.org.
2012. URL: https://www.socioeco.org/bdf_fiche-publication-929_en.html [accessed 2024-10-23]

37. Millar R, Hall K. Social Return on Investment (SROI) and Performance Measurement. Public Management Review 2013
Sep;15(6):923-941. [doi: 10.1080/14719037.2012.698857]

38. Engel GL. The clinical application of the biopsychosocial model. Am J Psychiatry 1980 May;137(5):535-544. [doi:
10.1176/ajp.137.5.535] [Medline: 7369396]

39. Elyoseph Z, Refoua E, Asraf K, Lvovsky M, Shimoni Y, Hadar-Shoval D. Capacity of Generative AI to Interpret Human
Emotions From Visual and Textual Data: Pilot Evaluation Study. JMIR Ment Health 2024 Feb 06;11:e54369 [FREE Full
text] [doi: 10.2196/54369] [Medline: 38319707]

40. Dana Z, Nagra H, Kilby K. Role of synchronous, moderated, and anonymous peer support chats on reducing momentary
loneliness in older adults: retrospective observational study. JMIR Form Res 2024 Oct 25;8:e59501 [FREE Full text] [doi:
10.2196/59501] [Medline: 39453688]

41. Social return on investment (SROI) - new approach. Sopact. URL: https://www.sopact.com/guides/social-return-on-invesment
-sroi#social-return-on-investment-sroi [accessed 2024-10-23]

42. Greene J, Hibbard JH. Why does patient activation matter? An examination of the relationships between patient activation
and health-related outcomes. J Gen Intern Med 2012 May;27(5):520-526 [FREE Full text] [doi: 10.1007/s11606-011-1931-2]
[Medline: 22127797]

43. Schunk DH, DiBenedetto MK. Motivation and social cognitive theory. Contemporary Educational Psychology 2020
Jan;60:101832. [doi: 10.1016/j.cedpsych.2019.101832]

44. Lin M, Weng W, Apriliyasari R, VAN Truong P, Tsai P. Effects of patient activation intervention on chronic diseases: a
meta-analysis. J Nurs Res 2020 Oct;28(5):e116. [doi: 10.1097/jnr.0000000000000387] [Medline: 32649394]

45. Taylor V. Measuring Healthy Days: Population Assessment of Health-Related Quality of Life. PsycEXTRA Dataset 2000:40
[FREE Full text]

46. Revicki DA, Gnanasakthy A, Weinfurt K. Documenting the rationale and psychometric characteristics of patient reported
outcomes for labeling and promotional claims: the PRO Evidence Dossier. Qual Life Res 2007 May 1;16(4):717-723. [doi:
10.1007/s11136-006-9153-5] [Medline: 17268927]

JMIR Hum Factors 2025 | vol. 12 | e68221 | p.925https://humanfactors.jmir.org/2025/1/e68221
(page number not for citation purposes)

Nagra et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.2196/16460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32243256&dopt=Abstract
http://europepmc.org/abstract/MED/26321774
http://dx.doi.org/10.1037/0090-5550.50.4.325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26321774&dopt=Abstract
http://dx.doi.org/10.1176/appi.ps.61.11.1099
http://dx.doi.org/10.1176/appi.ps.201700283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29241435&dopt=Abstract
http://europepmc.org/abstract/MED/26744309
http://dx.doi.org/10.1017/S2045796015001067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26744309&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph20054536
http://dx.doi.org/10.3390/ijerph20054536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36901545&dopt=Abstract
http://dx.doi.org/10.1377/hlthaff.2013.1257
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24711320&dopt=Abstract
http://dx.doi.org/10.1016/j.jsat.2016.01.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26882891&dopt=Abstract
http://dx.doi.org/10.2196/41855
http://dx.doi.org/10.18653/v1/2022.emnlp-main.90
http://dx.doi.org/10.1126/science.847460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=847460&dopt=Abstract
https://www.socioeco.org/bdf_fiche-publication-929_en.html
http://dx.doi.org/10.1080/14719037.2012.698857
http://dx.doi.org/10.1176/ajp.137.5.535
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7369396&dopt=Abstract
https://mental.jmir.org/2024//e54369/
https://mental.jmir.org/2024//e54369/
http://dx.doi.org/10.2196/54369
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38319707&dopt=Abstract
https://formative.jmir.org/2024//e59501/
http://dx.doi.org/10.2196/59501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39453688&dopt=Abstract
https://www.sopact.com/guides/social-return-on-invesment-sroi#social-return-on-investment-sroi
https://www.sopact.com/guides/social-return-on-invesment-sroi#social-return-on-investment-sroi
http://europepmc.org/abstract/MED/22127797
http://dx.doi.org/10.1007/s11606-011-1931-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22127797&dopt=Abstract
http://dx.doi.org/10.1016/j.cedpsych.2019.101832
http://dx.doi.org/10.1097/jnr.0000000000000387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32649394&dopt=Abstract
https://stacks.cdc.gov/view/cdc/6406
http://dx.doi.org/10.1007/s11136-006-9153-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17268927&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


47. Golden-Biddle K. A Review of: “Positive Organizational Scholarship: Foundations of a New Discipline, edited by Kim S.
Cameron, Jane E. Dutton, and Robert E. Quinn”. International Public Management Journal 2007 Feb 24;9(2):199-202.
[doi: 10.1080/10967490600767035]

48. Ilies R, Dimotakis N, De Pater I. Psychological and physiological reactions to high workloads: implications for well‐being.
Personnel Psychology 2010 May 12;63(2):407-436. [doi: 10.1111/j.1744-6570.2010.01175.x]

49. Cross S, Bell I, Nicholas J, Valentine L, Mangelsdorf S, Baker S, et al. Use of AI in Mental Health Care: Community and
Mental Health Professionals Survey. JMIR Ment Health 2024 Oct 11;11:e60589-e60589. [doi: 10.2196/60589]

50. Bossewitch J, Brown LX, Gooding PM, Harris L, Horton J, Katterl S, et al. SSRN Journal 2022:4215994 [FREE Full text]
[doi: 10.2139/ssrn.4215994]

51. Stigma, prejudice and discrimination against people with mental illness. Psychiatry. URL: https://www.psychiatry.org/
patients-families/stigma-and-discrimination [accessed 2024-10-23]

52. Duckett LJ. Quantitative Research Excellence: Study Design and Reliable and Valid Measurement of Variables. J Hum
Lact 2021 Aug 09;37(3):456-463. [doi: 10.1177/08903344211019285] [Medline: 34107788]

53. Mara C, Peugh J. Validity of data collected from randomized behavioral clinical trials during the COVID-19 pandemic. J
Pediatr Psychol 2020 Oct 01;45(9):971-976. [doi: 10.1093/jpepsy/jsaa078] [Medline: 32968774]

54. Harder VS, Stuart EA, Anthony JC. Propensity score techniques and the assessment of measured covariate balance to test
causal associations in psychological research. Psychol Methods 2010 Sep;15(3):234-249 [FREE Full text] [doi:
10.1037/a0019623] [Medline: 20822250]

55. ijones. Measurement error and bias. In: Epidemiology for the Uninitiated. London, UK: BMJ; 2020.
56. Marr B. Artificial Intelligence in Practice: How 50 Successful Companies Used AI and Machine Learning to Solve Problems.

Hoboken, NJ: John Wiley & Sons; 2019.
57. Thieme A, Hanratty M, Lyons M, Palacios J, Marques RF, Morrison C, et al. Designing human-centered AI for mental

health: developing clinically relevant applications for online CBT treatment. ACM Trans Comput-Hum Interact 2023 Mar
17;30(2):1-50. [doi: 10.1145/3564752]

58. Attridge M. A global perspective on promoting workplace mental health and the role of employee assistance programs.
Am J Health Promot 2019 May 21;33(4):622-629. [doi: 10.1177/0890117119838101c] [Medline: 31006254]

59. Nordic cooperation. URL: https://www.norden.org/en/nordic-council-ministers [accessed 2025-01-05]

Abbreviations
AI: artificial intelligence
DPS: digital peer support
EAP: employee assistance program
HRQoL: health-related quality of life
PSM: peer support moderator
ROI: return on investment
SF-36: 36-item Short Form
SROI: social return on investment

Edited by A Kushniruk; submitted 31.10.24; peer-reviewed by I Pyykko, CI Sartorão Filho, KW Tay; comments to author 22.12.24;
revised version received 09.01.25; accepted 28.01.25; published 25.02.25.

Please cite as:
Nagra H, Mines RA, Dana Z
Exploring the Impact of Digital Peer Support Services on Meeting Unmet Needs Within an Employee Assistance Program: Retrospective
Cohort Study
JMIR Hum Factors 2025;12:e68221
URL: https://humanfactors.jmir.org/2025/1/e68221 
doi:10.2196/68221
PMID:39998863

©Harpreet Nagra, Robert A Mines, Zara Dana. Originally published in JMIR Human Factors (https://humanfactors.jmir.org),
25.02.2025. 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 JMIR Human Factors, is properly cited. The complete bibliographic information,
a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license information must be
included.

JMIR Hum Factors 2025 | vol. 12 | e68221 | p.926https://humanfactors.jmir.org/2025/1/e68221
(page number not for citation purposes)

Nagra et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1080/10967490600767035
http://dx.doi.org/10.1111/j.1744-6570.2010.01175.x
http://dx.doi.org/10.2196/60589
https://automatingmentalhealth.cc/media/pages/digital-futures-in-mind-report/ba660f37e9-1662080126/digital-futures-in-mind-report-aug-2022-final.pdf
http://dx.doi.org/10.2139/ssrn.4215994
https://www.psychiatry.org/patients-families/stigma-and-discrimination
https://www.psychiatry.org/patients-families/stigma-and-discrimination
http://dx.doi.org/10.1177/08903344211019285
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34107788&dopt=Abstract
http://dx.doi.org/10.1093/jpepsy/jsaa078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32968774&dopt=Abstract
https://europepmc.org/abstract/MED/20822250
http://dx.doi.org/10.1037/a0019623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20822250&dopt=Abstract
http://dx.doi.org/10.1145/3564752
http://dx.doi.org/10.1177/0890117119838101c
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31006254&dopt=Abstract
https://www.norden.org/en/nordic-council-ministers
https://humanfactors.jmir.org/2025/1/e68221
http://dx.doi.org/10.2196/68221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39998863&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Identifying Strategies for Home Management of Ostomy Care:
Content Analysis of YouTube

Marketa Haughey1*, BSc, PhD; David M Neyens2*, PhD; Casey S Hopkins3*, PhD; Christofer Gonzaga2*, BS; Melinda

Harman1*, PhD
1Department of Bioengineering, Clemson University, Clemson, SC, United States
2Department of Industrial Engineering, Clemson University, Clemson, SC, United States
3School of Nursing, Clemson University, Clemson, SC, United States
*all authors contributed equally

Corresponding Author:
Melinda Harman, PhD
Department of Bioengineering
Clemson University
301 Rhodes Engineering Research Center
Clemson, SC, 29634
United States
Phone: 1 8646564140
Email: harman2@clemson.edu

Abstract

Background: The social media platform YouTube is a recognized educational resource for health information, but few studies
have explored its value for conveying the lived experience of individuals managing chronic health conditions and end users’
interactions with medical device technology. Our study explores self-care strategies and end user needs of people living with a
stoma because patient education and engagement in ostomy self-care are essential for avoiding ostomy-related complications.
Ostomy surgery creates a stoma (an opening) in the abdomen to alter the route of excreta from digestive and urinary organs into
a detachable external pouching system. After hospital discharge, people who have undergone ostomies perform critical self-care
tasks including frequent ostomy appliance changes and stomal and peristomal skin maintenance.

Objective: The purpose of this study was to systematically assess YouTube videos narrated by people who have undergone
ostomies about their ostomy self-care in home (nonhospital) settings with a focus on identifying end user needs and different
strategies used by people who have undergone ostomies during critical self-care tasks.

Methods: Using predefined search terms and clear inclusion and exclusion criteria, we identified YouTube videos depicting
narrators who have undergone ostomies and their ostomy self-care in home settings. Using a consensus coding approach among
3 independent reviewers, all videos were analyzed to collect metadata, data of narrators who have undergone ostomies, and
specific content data.

Results: There were 65 user-generated YouTube videos that met the inclusion and exclusion criteria. These videos were posted
by 28 unique content creators representing a broad range of ages who used a variety of supplies. The common challenges discussed
were peristomal skin complications, inadequate appliance adhesion and subsequent leakage, and supplies-related challenges.
Narrators who have undergone ostomies discussed various expert tricks and tips to successfully combat these challenges.

Conclusions: This study used a novel approach to gain insights about end user interactions with medical devices while performing
ostomy self-care, which are difficult to gain using traditional behavioral techniques. The analysis revealed that people who have
undergone ostomies are willing to share their personal experience with ostomy self-care on the web and that these videos are
viewed by the public. User-generated videos demonstrated a variety of supplies used, end user needs, and different strategies for
performing ostomy self-care. Future research should examine how these findings connect to YouTube ostomy self-care content
generated by health care professionals and organizations and to guidelines for ostomy self-care.

(JMIR Hum Factors 2025;12:e66634)   doi:10.2196/66634
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Introduction

YouTube as Health Information Resource
Individuals are increasingly seeking health-related information
on the web, and in some cases, patients rely on the internet as
much or more than their physicians [1,2]. Patients have also
reported using web-based resources to make health-related
decisions and to manage chronic conditions [2,3].

YouTube, the largest on the web video-sharing platform
worldwide for streaming a variety of user-generated content
with 2.5 billion users worldwide [4] is a recognized educational
resource for sharing and disseminating health-related
information and influencing individuals’ viewpoints related to
health care topics such as disease prevention, treatment therapy,
or immunizations [2,3]. Several studies highlight the
informational flaws and biases in a wide variety of YouTube
health information videos related to clinical decision-making,
diagnosing, treatment recommendation, and health promotion.
The analysis in these studies generally focuses on the health
information provided rather than the individual user experience
with the health issue [2,5-9].

Studies involving so-called “e-patients” who are motivated to
share health-related personal experiences on the web reveal that
sharing their lived experience and knowledge of their disease
can empower and engage others while also providing (and
gaining) social support [10,11]. While many health-related
government organizations such as the World Health
Organization, the National Institute of Health, the Center for
Disease Control and Prevention, and the American Red Cross
use YouTube to disseminate health information [1],
user-generated videos are also used as an educational resource.

This suggests that user-generated content decreases the gap
between health information delivered by health care
professionals and the lived experience of dealing with a disease.

Medical Device Usability in the Home Setting
Usability studies examining the interaction between medical
device technology and end users are essential for developing
medical devices that are safe and effective [12]. These studies
allow for actively including end users in the design process
while considering end user competencies and environment, thus,
continuously improving medical device design to fit user needs
[13]. Capturing the real world, end user experience of people
with chronic conditions and their interaction with complex
medical device technology in home (nonhospital) settings is
challenging [12], such as having a stoma and routinely using
an ostomy appliance, and to our knowledge, these studies are
limited [14].

Ostomy Surgery
There are about one million people living with ostomy in the
United States and more than 150,000 Americans undergo ostomy
surgery each year [15,16]. Ostomy surgery alters the route of
excreta from internal digestive and urinary organs through a
stoma in the abdomen and into a detachable external pouching
system (Figure 1) that fits snugly around the stoma [16]. People
who have undergone ostomies perform critical self-care tasks
that include frequent changing of the pouching system (3-10
changes per week) and maintaining healthy stoma and
peristomal skin [17]. Therefore, there is a need to understand
the usability of medical device technology used by people who
have undergone ostomies in ostomy appliance change
procedures and self-care.

Figure 1. An ostomy appliance consists of an external pouching system that is attached to the abdomen of people who have undergone an ostomy using
adhesive. There are various design features, including a (A) 2-piece pouch with clip closure, (B) 2-piece pouch with Velcro closure, (C) precut (top)
and moldable (bottom) baseplate that is subsequently attached to the 2-piece pouch [in (A) or (B)] at the ring, and (D) 1-piece appliance with clip closure
(pouch and baseplate being 1 part).
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Ostomy Care Patient Education and Self-Management
It is widely recognized that patient education and engagement
in ostomy self-care are essential for avoiding ostomy-related
complications [18-20]. However, the education of new people
who have undergone ostomies to gain the knowledge and skills
needed for managing chronic conditions and performing
self-care tasks is not well defined [18]. Ideally, according to the
Wound, Ostomy, and Continence Nurses Society Clinical
Guidelines and recommendations [21], new people who have
undergone ostomies should obtain education from ostomy nurse
specialists. Nevertheless, there is evidence of insufficient pre-
and postoperative education provided to new people who have
undergone ostomies related to stoma and peristomal skin care
and complications [22-25]. Due to the short hospitalization
trends and the limited availability of ostomy nurse specialists,
there is limited teaching time and formal follow-up with the
specialists [22-25]. Further, new people who have undergone
ostomies may not be mentally and physically prepared for
self-management of their ostomy, which requires gaining new
knowledge, skills, and attitudes [26,27]. Most people who have
undergone ostomies experience some long-term challenges
concerning the management of daily self-care of their stoma
that broadly impact their health-related quality of life and
outcomes [28,29]. Peristomal skin complications are a common
problem following ostomy surgery affecting over one-third of
patients with ostomies within 90 days post surgery and up to
80% within 2 years [30-33]. While it is known that skin
problems interfere with pouch adhesion, causing challenges
with pouch leakage, and thus odor, and the necessity for frequent
and unscheduled appliance changes [29], it is very difficult to
study real-world responses to such challenges.

Study Objective
Given the complexity of ostomy appliance change procedure
medical technology and self-care, there is a need to assess the

usability of this technology and how self-management skills
are developed by people who have undergone ostomies over
time. We completed a systematic analysis of user-generated
videos related to ostomy self-care published on YouTube and
created by individuals with expertise in managing chronic
conditions about ostomy self-care in home (eg, nonhospital)
settings. Our objective was to identify end user experiences
with ostomy medical device technology and the different
strategies and procedures used by these experts to change their
ostomy appliance and perform stomal and peristomal skin care.

Methods

Ethical Considerations
This study was excluded from an institutional ethics board
review because it assessed only copyrighted, public source
information and no individual user data was included in the
manuscript.

Search Terms and Search Strategy
Search terms related to ostomy self-care were defined by the
research team (Table 1) for identifying videos using the search
tools within YouTube. During December 2023, YouTube was
searched for relevant videos using search terms and Boolean
operators under the search category “videos only” tab or “video”
filter. All searches were conducted using an incognito or private
browser that did not retain cookies to prevent suggested related
videos from appearing on search results and to ensure that the
search for each term could be replicated. The first 20 videos for
each search term were reviewed and documented in a
spreadsheet. No videos were included in the analysis if they
appeared in the YouTube search result under the “people also
watched,” “shorts,” or “sponsored websites” section as these
videos may or may not have met the search term criteria. The
initial search resulted in 960 videos.

Table 1. Search terms used to search for relevant user-generated videos published on YouTube.

Search termsSearch term category

a + (pouch OR bag) + (care OR change OR procedure)Ostomy pouch change procedure

a + (pouch OR bag) + (pros and cons OR tips OR tips and tricks OR empty OR cleaning OR care OR
leakage OR leakage prevention)

Ostomy tips and tricks

a + (pouch change OR bag change) + (home OR self-care OR care)Ostomy self-care and home management

a + (skin OR peristomal skin) + (care OR treatment OR irritation OR dermatitis)Ostomy skincare

aIs ostomy OR urostomy OR colostomy OR ileostomy OR stoma OR colorectal cancer OR Crohn disease OR inflammatory bowel disease OR IBD
OR diverticulitis OR bladder cancer OR cystectomy.

Inclusion and Exclusion Criteria

Overview
From the initial set of 960 videos, a final set of 65 videos (Figure
2) was identified for review after the removal of duplicates and
the application of inclusion and exclusion criteria (Textbox 1).
Duplicate videos (n=609) were identified and removed by
channel grouping and comparing URLs and video titles. The
inclusion and exclusion criteria were applied to eliminate

educational videos (n=252), videos recorded in a clinical
environment (n=179), animated videos (n=59), supply or
manufacturer demonstration videos (n=22), videos in languages
other than English (n=4) and those videos that were outside the
scope of this study (n=13) such as broad discussions of clinical
issues or ostomy support. Educational videos were defined as
videos not discussing personal experiences related to ostomy
self-care, for example, videos providing information related to
ostomy belts.
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Figure 2. Video search inclusion and exclusion process. *Some videos were excluded for multiple criteria.

Textbox 1. Specific inclusion and exclusion criteria.

Included videos

• Were found using search terms

• Included a user narrative

• Involved any channel, age, gender, race, ethnicity, year, or length

• Depicted ostomy appliance change procedures in a nonhospital setting

• Discussed ostomy self-care, tips, tricks, or challenges

• Involved a person living with a stoma as a narrator

• Were published in the English language

Excluded videos

• Were recorded in a clinical environment or were narrated by a medical professional (not having a stoma)

• Included experiences of users who have not undergone ostomies

• Were educational videos

• Were supply or manufacturer demonstration videos

• Were animated

• Duplicated videos from other search terms

• Were published in the non-English language

• Categorized as video “shorts”

• Were outside the scope of this study
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Data Coding
In total, 3 categories of video-specific variables were recorded,
including video metadata, narrator data, and specific content
data (Table 2). The researchers used consensus coding of the
included videos, which is a well-accepted method to enhance
credibility and reliability in qualitative research [34]. Before
video reviews, 3 general categories and 15 variables were named

and defined (Table 2). Each video was then coded individually
by 2 reviewers using the defined categories and any
discrepancies between reviewers were discussed. If consensus
was not reached, a third reviewer reviewed the video and data
coding to address bias and reach consensus and to ensure
accuracy in data coding. The category definitions were then
revised as needed before a final consensus coding of all the
included videos by 2 reviewers.

Table 2. Data coding for 3 categories of videos including specific variables, and their definition and type.

DefinitionCategory and variable

Video metadata

The title of the video by the content creatorTitle

The web address of the videoURL

The name of the page where videos are posted for viewingChannel

The year that video was publicly posted to the YouTube platformPosted year

The time duration of the videoVideo length

The number of times the video was viewed as of January 4, 2024View counts

The number of likes or dislikes as of January 4, 2024Public ratings

Data of narrators who have undergone ostomies

The assumed gender of the content creator based on gender markers such as physical build, voice,
clothes, and hair

Presenting assumed gender

The assumed age group of the content creator mainly based on physical appearance and hair colorationPresenting assumed age group

Specific video content data

Any item, product, equipment, or accessory used or discussed as used by a narrator who has under-
gone an ostomy during the ostomy appliance change procedure

Supplies used

How frequently the narrator who has undergone an ostomy completed an appliance change processAppliance change frequencya

The type of ostomy disclosed by the narrator who has undergone an ostomyType of ostomya,b

The medical condition experienced by the narrator who has undergone an ostomy and contributing
to the ostomy surgery

Underlying condition for ostomya,b

Description of the problems related to ostomy, ostomy appliance change procedures, and ostomy
self-care

Common challengesa

Advice or recommendation given by a narrator who has undergone an ostomy to the audience to
address common challenges, aid in expediting or easing the appliance change process, or provide
additional information to improve the overall user experience

Expert tips and tricks

aVariable was not communicated in every video.
bIf not communicated in the video, the intro page and the about me page for the creator were reviewed.

Results

Video Metadata
After removing duplicate videos and applying the inclusion and
exclusion criteria, there were 65 videos that explored different

topics related to ostomy, ostomy appliance change procedures,
and the self-care of people who have undergone ostomies.
Included videos were posted between 2011 and 2023 and
averaged about 9.5 minutes in length, over a quarter-million
views, and more than 3000 likes (Table 3).

Table 3. The video metadata descriptive statistics for the videos included in the analysis.

DataVideo metadata

Between 2011 and 2023 (11/65, 17% and 12/65, 18% videos in 2020 and
2023, respectively)

Posted year, n/N (%)

9:36 min (SD 6:30 s; 1:00-31:40 min)Video length, mean (SD; range)

269,076 (SD 922,352; 1900-5,493,702) viewsView counts, mean (SD; range)

3015 (SD 8761; 0-58,000) likesPublic ratings, mean (SD; range)
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Data of Narrators Who Have Undergone Ostomies
There were 28 unique content creators with several individual
creators posting multiple videos. Further, 2 high volume
narrators who have undergone ostomies uploaded almost half
(31/65) of all the videos (24 and 7 videos from the 2 most
frequent content creators). Most videos included a female
narrator and a narrator in the 20-30 years age range followed

by a middle-aged narrator, an older narrator, and a teenage
narrator (Table 4). None of the narrators who have undergone
ostomies communicated their gender or age in the videos.
Therefore, the presenting assumed gender was determined by
the reviewers based on the gender markers such as physical
build, voice, clothes, and hair and the presenting assumed age
based on the physical appearance and hair coloration.

Table 4. Data of narrators who have undergone ostomies for videos included in the final review.

Data, n/N (%)Unique narrators who have undergone ostomies (n=28)

Presenting assumed gender

20/28 (71% narrators who have undergone ostomies)Female

8/28 (29% narrators who have undergone ostomies)Male

Presenting assumed age group

1/65 (2% videos)Infanta

4/65 (6% videos)Teenager

42/65 (65% videos)Aged 20-30 years

13/65 (20% videos)Middle age

5/65 (8% videos)Older

aOne video was presented about an infant with an ostomy that was narrated by the parent caregiver.

Specific Video Content Data

Ostomy Video Content
From the final set of 65 videos, 26/65 (40%) videos discussed
ostomy self-care tips and tricks that focused most frequently
on maintaining peristomal skin health, preventing leaks,

pancaking, supply use, and general tips; 21/65 (32%) videos
captured a full ostomy appliance change procedure and 14/65
(22%) videos included part of an ostomy appliance change
procedure such as emptying, specific supply use, and skin
preparation and appliance application, among others; and 4/65
(6%) videos were about the personal experience of a person
living with a stoma (Table 5).
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Table 5. Types of ostomy-related video content, its frequency, and topics discussed.

Video frequency, n/N (%)Video count, nVideo content and topic discussed

26/65 (40%)Tips and tricks

6Peristomal skin health

5Leaks

3Pancaking

3Emptying or not emptying

2Specific supply use

2General

1Odor

1Intimacy

1Adhesion

1Pouch decoration

Full ostomy appliance change

21/65 (32%)21Ostomy appliance change procedure

14/65 (22%)Part of ostomy appliance change

5Empty an appliance

3Specific supply use

2Skin preparation and appliance application

1Change appliance after shower

1Remove appliance and clean peristomal skin

1Cut or fit ostomy baseplate

1Appliance change omitting details

4/65 (6%)Experience

2Living with stoma

1Living in London

1Stories of people who have undergone ostomies

Supplies Used
The narrators who have undergone ostomies did not all use
identical supplies and there was a variety of types, numbers,
and frequencies of supplies used during the ostomy appliance
change procedures (Table 6). Among the 35 videos that captured
a full or partial ostomy appliance change procedure, 25/35 (71%)
included a 2-piece pouching system, and 9/35 (26%) included
a 1-piece pouching system (Table 6). In 1/35 (3%) videos, the
type of ostomy appliance could not be determined. Furthermore,
the baseplate was cut to fit or precut by the supplier in 25/35
(71%) videos and molded by hand in 3/35 (9%) videos. In 7/35
(20%) videos, the method for sizing the baseplate by cutting or
molding could not be determined.

Further, supplies used to clean the peristomal skin and remove
any remaining adhesive or output included paper towel or toilet
paper in 19/35 (54%) videos, adhesive remover wipes in 17/35
(49%) videos, adhesive remover spray in 14/35 (40%) videos,

dry wipes in 11/35 (31%) videos, towel or washcloth in 9/35
(26%) videos, water in 7/35 (20%) videos, and wet wipes in
4/35 (11%) videos. Supplies used to protect the skin included
a barrier ring in 17/35 (49%) videos, skin barrier in the form of
wipe, spray, or cream in 15/35 (43%) videos, and ostomy paste
in 6/35 (17%) videos. Supplies used to treat peristomal skin
disorders included stoma powder in 12/35 (34%) videos and
skin treatments (eg, corticosteroids, and antifungal or other
anti-inflammatory medications) in 8/35 (23%) videos. Supplies
used to aid adhesion between the pouch and peristomal skin
included extenders in 5/35 (14%) videos and belts in 4/35 (11%)
videos. Supplies used to prevent or minimize odor issues were
odor eliminators in 9/35 (26%) videos and lubricating deodorant
in 5/35 (14%) videos. Other general ostomy supplies that were
used included plastic bags in 19/35 (54%) to discard the ostomy
appliance before disposal, scissors in 16/35 (46%) videos to cut
a baseplate to match the size of the stoma, some kind of bag in
4/35 (11%) videos to carry ostomy supplies, and some type of
container in 4/35 (11%) videos to rinse the pouch with water.
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Table 6. Supplies used or discussed in the 35 videos depicting full or partial ostomy appliance change procedures organized by supply category.

Videosa, n (%)Supply category and supply

Pouching system

25 (71)2-piece appliance

9 (26)1-piece appliance

1 (3)Not reported

Stoma or peristomal skin cleaning

19 (54)Paper towel or toilet paper

17 (49)Adhesive remover wipes

14 (40)Adhesive remover spray

11 (31)Dry wipes

9 (26)Towel or washcloth

7 (20)Water

4 (11)Wet wipes

2 (6)Gauze

2 (6)Skin cleanser

2 (6)Soap

1 (3)Saline

Peristomal skin protection

17 (49)Barrier ring

15 (43)Skin barrier (wipe, spray, or cream)

6 (17)Ostomy paste

2 (6)Flow assist device

Peristomal skin treatment

12 (34)Stoma powder

8 (23)Skin treatments

Pouch adhesion support

5 (14)Extenders

4 (11)Belt

3 (9)Skin adhesive

2 (6)Equalizer

2 (6)Heating pad

Odor elimination

9 (26)Odor eliminator (deodorant or air freshener)

5 (14)Lubricating deodorant

2 (6)Lubricant

General

19 (54)Plastic bags

16 (46)Scissors

4 (11)Supply bag or bag or ziplock

4 (11)Plastic container or water bottle or cup

3 (9)Marker

3 (9)Size template

1 (3)Disposable pad
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Videosa, n (%)Supply category and supply

1 (3)Q-tip

1 (3)Shower stopper

1 (3)Syringe

aCalculated as x/35×100%.

Underlying Condition and Type of Ostomy
One-third of the narrators who have undergone ostomies (9/28,
32%) did not disclose their underlying condition. Crohn disease
was the most frequently reported underlying condition for 10/28
(36%) narrators who have undergone ostomies followed by
ulcerative colitis (3/28, 11%), cancer (3/28, 11%), and
unspecified inflammatory bowel disease (1/28). Further, 2 (7%)
narrators who have undergone ostomies reported other
underlying conditions for their ostomy surgery. Per the type of
ostomy, ileostomies accounted for 79% (22/28) and colostomies
accounted for 14% (4/28). Furthermore, 2 narrators who have
undergone ostomies did not report their type of ostomy and no
urostomy videos met inclusion and exclusion criteria for final
review.

Appliance Change Frequency
More than half of narrators who have undergone ostomies
(16/28, 57%) did not discuss appliance change frequency. For
the remaining narrators who have undergone ostomies (12/28,
43%), there was considerable variability in ostomy appliance
change frequency. In general, a majority of narrators who have
undergone ostomies (n=10) reported changing their appliance
within a 2-5-day interval, 2 every 7 and 15 days, and 1 when
the pouch is full. Further, 1 narrator reported various changing
frequencies across 4 videos (2-3 days, 3-4 days, every 4 days,
and 4-5 days). Additionally, 2 narrators who have undergone
ostomies commented on changing the appliance more frequently
when having peristomal skin issues (every day or every other
day) and emptying the ostomy appliance 5 to 8 times a day.

Common Challenges
About one-third of the content creators noted specific issues
with supplies or processes that required workarounds or
techniques to be implemented. Major challenges included
peristomal skin complications (21/65 videos, 32%), leaks around
the adhesive area (20/65 videos, 31%), inadequate appliance
adhesion (13/65 videos, 20%), and no control over stoma
effluent discharge making it difficult to keep the stoma and
peristomal skin clean while changing the ostomy appliance
(13/65 videos, 20%). Within the videos, the narrators who have
undergone ostomies reported peristomal skin complications
related to skin irritation and redness due to the output leakage,
peristomal skin disorders such as granulomas, or allergic
reactions toward specific ostomy supplies and these
complications subsequently compromised appliance adhesion,
caused pain, and led to further leaks.

Narrators who have undergone ostomies also expressed
difficulties related to supplies in 17/65 (26%) videos. For
example, supplies leaving residues on the skin compromising
appliance adhesion, supplies containing alcohol causing a

burning sensation on the wounded skin, variability in supplies’
names causing confusion, and supplies not delivered on time
or not working properly for a given individual. Challenges with
the design of the ostomy appliance were noted, including the
clip of the pouch being uncomfortable, difficulty with cleaning
the end of the pouch after emptying, moisture absorption by the
barrier ring leading to inadequate adhesion, or a 2-piece
appliance being more difficult to apply. Finally, pouch
pancaking with the output being trapped at the top of the pouch,
pouch ballooning due to the gas accumulating in the ostomy
appliance, cutting the baseplate to fit the stoma size, emptying
an ostomy appliance and its cleaning, lifestyle adjustments
(clothing, diet, relationships, intimacy, travelling, etc), and odor
were additional challenges discussed in the videos.

Expert Tips and Tricks
The narrators who have undergone ostomies identified various
strategies to address the challenges encountered. To overcome
peristomal skin complications, narrators who have undergone
ostomies (1) emphasized the importance of cleaning peristomal
skin (eg, shower without an appliance and using adhesive
remover to remove any output residue which could further
irritate the skin); (2) avoided supplies containing alcohol to
minimize burning sensations on the skin; (3) used a crusting
technique which involves the application of stoma powder over
sore skin followed by moistening the powder with skin barrier
(wipe or spray), letting the powder dry, and repeating the process
multiple times [16]; (4) used ostomy paste, or barrier ring to
protect and allow healing of the wounded skin by creating a
protective barrier between the wounded skin and appliance, or
implemented more aggressive skin treatment products such as
steroids or silver nitrate based on the consultation with ostomy
care nurse specialists; and (5) recommended balance between
changing an appliance too frequently or too rarely.

The tips of narrators who have undergone ostomies to avoid
leakage included (1) properly fitting the appliance baseplate
with the sizing of the opening for the stoma not to be too tight
or too big; (2) using a barrier ring or ostomy paste to fill any
abdominal gaps and divots; (3) using an ostomy belt, extenders,
or medical tape to support the weight of the pouch; (4) trying
different supplies (eg, convex pouches for retracted stomas) and
different suppliers to identify supplies working properly for a
given individual, while also emphasizing not using too many
supplies; and (5) emptying an appliance regularly.

Narrators who have undergone ostomies believed that appliance
adhesion was improved by (1) cleaning the skin properly using
an adhesive remover followed by cleaning with water or some
type of wipe to avoid leaving any residues that could
compromise adhesion, (2) ensuring the peristomal skin is dry
before applying an appliance, (3) wearing an ostomy belt, (4)
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using an equalizer ring that applies an equal pressure around
the stoma or ostomy paste that fills any divots or gaps between
appliance and abdomen, (5) applying an appliance on a flat
abdominal surface (eg, leaning backward or standing), (6)
massaging the baseplate and running a finger around the stoma,
and (7) using heat to stimulate baseplate adhesion to the
abdomen (eg, hairdryer on low setting, heating pad, or holding
hand over pouch). Narrators who have undergone ostomies also
acknowledged there is not only one proper way of performing
ostomy self-care and that what works for them may not work
for someone else. Thus, they recommended trying different
supplies and self-care strategies and consulting with ostomy
nursing care specialists about supplies selection and their use
for skin care.

Concerning managing a frequent and uncontrollable stoma
output, some narrators who have undergone ostomies found it
effective to eat marshmallows or to fast before changing an
appliance to slow down the output, covering the stoma with
some type of wipe, paper towel, or gauze while changing the
appliance to protect the skin and make it easier to clean, and
organizing or preparing all supplies and emptying the pouch
before starting to change the appliance.

Narrators who have undergone ostomies conveyed strategies to
prevent “pancaking” such as using a lubricant or some type of
oil inside the pouch, emptying and rinsing the pouch with water,
disabling an appliance filter, and blowing air into the pouch.
Further, they used deodorants and “burped” (let the air out of
the pouch) their appliance to prevent ballooning. They used an
ostomy cover and deodorizing drops along with eating naturally
deodorizing food such as kefir, yoghurt, or parsley to deal with
the odor. To overcome the challenge of cutting a baseplate to
the proper size, narrators who have undergone ostomies traced
the stoma size with a marker on the template and saved the
template with a marking for repeated use, or ordered the
appliance precut from suppliers once their stoma size remained
constant. Strategies used to adjust to the postostomy lifestyle
included (1) finding and joining a support group, (2) talking to
people who “get it,” (3) learning about their stomas (eg, diversity
of supplies, proper diet and hydration, or clothing tips), (4)
exercising to reduce anxiety, and (5) developing an ability to
perform ostomy self-care while also having someone else who
can change their appliance.

Discussion

Principal Findings
This study uses a novel approach for gaining insight into ostomy
care end user (person who has undergone an ostomy) experience
and usability with medical device (ostomy appliance change)
technology through the identification of strategies and supplies
used, and common challenges and needs experienced by people
who have undergone ostomies while changing the ostomy
appliance and performing self-care. The needs, supply choices,
and self-care strategies that people who have undergone
ostomies used and discussed reflected the need to address a
common challenge of peristomal skin complications following
an ostomy surgery [21-23] and demonstrated characteristics of
an expert understanding [24-27].

YouTube as Ostomy Self-Care Resource
This study examined YouTube videos related to the interaction
of people who have undergone ostomies with medical device
technology and self-care that were provided by and for the
public, and the need for additional information related to
long-term ostomy self-care in home (nonhospital) settings. In
our study, we initially identified 960 ostomy-related videos and
analyzed 65 videos with a narrator who has undergone an
ostomy that met our inclusion criteria. Each of these videos was
viewed 269,000 times on average, liked 3000 times on average,
and posted by 28 unique content creators representing a broad
range of ages and both, female and male genders. Our study
supports current research suggesting that individuals are
increasingly seeking health-related information on the web and
patients use web-based resources to make health-related
decisions and to manage chronic conditions [1-3,35,36]. Patient
education and engagement in ostomy self-care are essential for
performing self-care tasks and successful management of their
chronic condition [18-20,35]. Nevertheless, research evidence
shows the pre- and postoperative education provided to people
who have undergone ostomies is insufficient [22-25] and new
people who have undergone ostomies may not be prepared to
gain new knowledge, skills, and attitudes necessary for self-care
management of their ostomy immediately post surgery [26,27].
Therefore, our study suggests patients are looking for additional
support and resources for ostomy self-care.

The video metadata and data of narrators who have undergone
ostomies show that people who have undergone ostomies of
various ages and genders are willing to share their personal
experiences with ostomy self-care and appliance change
procedures on the web and that these videos are viewed by
others. Through YouTube, people who have undergone ostomies
can share their stories, empower and help other people who
have undergone ostomies, and develop a sense of community
with other people who have undergone ostomies [10,11], which
goes beyond the ability of health care providers not living with
a stoma. In our study, narrators who have undergone ostomies
created videos depicting ostomy self-care not to substitute health
care professional guidelines and recommended practices, but
rather to share a lived experience with a chronic illness, and
their challenges and wins. They also commented on being able
to develop a sense of community, learn from the lived
experiences of other people who have undergone ostomies, and
adjust to postostomy surgery lifestyle changes such as by finding
and joining a support group or talking to people who “get it.”
Many of the narrators who have undergone ostomies made
disclosures that they were not giving medical advice and
commented on positive experiences with and encouraged
interaction with ostomy care nurse specialists. The ostomy
self-care-related videos depicted what it is like living life with
a stoma, and what self-care strategies were found to be effective
and what were not. This type of data would be difficult to gain
using traditional observational techniques and surveys.

End User Experience With Ostomy Medical Device
Technology
The narrators who have undergone ostomies used a variety of
supplies at different frequencies to change their ostomy
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appliance and discussed challenges related to supplies,
challenges with peristomal skin health, appliance adhesion,
leakage, and not having control over the stoma output which
reflects their user needs. For example, peristomal skin
complications were identified by narrators who have undergone
ostomies in approximately one-third of analyzed ostomy
self-care YouTube videos, and stoma powder (used to treat skin
complications) and skin treatments were included and discussed
in 12 (34%) and 8 (23%) of the videos depicting an ostomy
appliance change procedures, respectively. This finding aligns
with extensive research on peristomal skin complications
following an ostomy surgery representing a common challenge
[30,37,38] and negatively impacting the quality of life of people
who have undergone ostomies [39]. The use of peristomal skin
protection supplies such as barrier rings, skin barriers, and
ostomy paste in 17 (49%), 15 (43%), and 6 (17%) of videos,
respectively, and adhesion supplies such as extenders, ostomy
belts, and skin adhesives in 5 (14%), 4 (11%), and 3 (9%) of
the videos, respectively, manifests the need for properly fitting
and adhering external pouching system [17,40]. Thus, the
selection of supplies may have been associated with attempts
to address appliance adhesion and leakage issues and thus
peristomal skin complications.

Narrators who have undergone ostomies reported usability issues
with supplies, such as the difficulty with out-of-package
baseplate not adhering to “warm” body temperature skin,
supplies that are effective in cleaning but compromise peristomal
skin health and ostomy appliance adhesion and cause pain (eg,
alcohol-based ostomy paste), which call for design
improvements of ostomy supplies or redesign related to their
properties (eg, baseplate adhesion to peristomal skin, or
alcohol-free supplies).

Moldable technology is believed to improve peristomal skin
health, reduce the incidence of irritant dermatitis, and be
well-perceived by people who have undergone ostomies for its
ease of use, ease of learning, and comfort [41,42]. However, in
our study, only 3 (9%) of videos depicting the full or part of the
ostomy appliance change procedure included a moldable
baseplate compared to 25 (71%) of videos where the baseplate
was cut to fit or precut and people who have undergone ostomies
reported challenges with cutting the baseplate to size. If the
stoma hole is too small, the stoma can be damaged, if the stoma
hole is too big, the output is more likely to leak on the peristomal
skin which in turn will lead to peristomal skin complications.
Generally, there are 3 designs of baseplate, precut (cut by
supplier), cut-to-size (cut by a person who has undergone an
ostomy), and moldable. Moldable baseplate technology does
not require cutting the baseplate with scissors but rather using
fingers to roll flexible material to size and around (“turtle
necking”) the stoma and allows for adjusting the stoma hole to
fit snuggly around the stoma while also creating a protective
barrier and preventing output from reaching peristomal skin
[41]. The narrators who have undergone ostomies did not
elaborate on the reason for cutting versus molding baseplate to
size, except for 1 video where the narrator who has undergone
an ostomy had her husband change the appliance and
commented on the molding being “easier to use at first.”
Therefore, further studies should be conducted to explain this

trend and to more specifically identify user needs. Additionally,
future work should determine if people who have undergone
ostomies are aware of and educated on the benefits of using
moldable baseplate technology versus using cut-to-fit or precut
appliances and if moldable appliances are widely available to
people who have undergone ostomies.

Experts’User-Generated Ostomy Self-Care Strategies
The tips and tricks discussed by the narrators who have
undergone ostomies in the videos we examined provide evidence
of problem-solving strategies useful for decision-making and
ostomy self-management. Ostomy self-care requires complex
daily decision-making to solve ostomy-related challenges such
as compromised appliance adhesion, leaks, or peristomal skin
complications discussed above. People who have undergone
ostomies have to monitor their daily output, diet, and stomal or
peristomal skin health; perform ostomy appliance changes; and
plan future self-management. In previous studies of professional
expertise, experts stood out in their ability to identify problems
[43], understand functional relationships [44], and use
problem-solving strategies [45].

Lippa et al [46] suggest that in the self-management of chronic
conditions, such as diabetes, professional expertise may be
useful for aiding decision-making and supporting patient’s
strategies. Lippa et al [46] also found that diabetic patients who
used functional knowledge and problem-solving strategies
reported higher levels of adherence to treatment and glycemic
control and that descriptive knowledge about diabetes may not
necessarily correlate with effective self-management [46]. In
our study, narrators who have undergone ostomies demonstrated
their expert understanding while elaborating and showing their
self-care strategies and adaptation to ostomy-related challenges.
These strategies relate to supplies use and organization, ostomy
appliance adhesion, baseplate sizing, maintenance of healthy
peristomal skin, pouch pancaking and ballooning, and
adjustments to lifestyle changes.

Finally, our study of ostomy self-care and end user experiences
with ostomy appliance change technology complements the
“Ostomy Life Study,” [47] a global effort to gain knowledge
about what is it like to live with a stoma and the user experience
with ostomy-related supplies. Our study identifies an efficient
alternative to traditional observational and survey methods for
obtaining end user data that have implications for addressing
patient safety and quality of care issues.

Limitations
Several limitations should be considered when interpreting the
results of this study and guiding the direction of future research.
In our sample of videos, there were more ileostomies than
colostomies, and there were no urostomies, therefore, our
findings did not compare different types of ostomies. Further,
the narrators who have undergone ostomies were essentially
“performing” and demonstrating for the video, therefore, these
videos may not capture the routine procedures people who have
undergone ostomies use for self-care. In our data analysis, half
of the narrators who have undergone ostomies were within an
assumed age of 20-30 years and approximately one-third of
narrators who have undergone ostomies were in their middle
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age. This is likely due to most YouTube users falling between
the ages of 18 and 44 years [48].

There were also limitations related to demographics in this
study. All videos analyzed were narrated in English, but the
global representation is unknown. This may limit the global
generalizability of this study. Additionally, we did not examine
any race, gender, or ethnicity differences in the experiences of
people who have undergone ostomies.

Future Work
Further, it should examine differences in ostomy appliance
change procedure and self-care strategies across all the types
of ostomies, more specifically, whether ileostomies are more
prone to peristomal skin complications considering ileostomies’
output is frequent, more liquid, and high in digestive enzymes
[32]; and the prevalence and decision-making of using a
moldable versus cut-to-fit appliance technology among people
who have undergone ostomies. Future research should also
specifically study younger and older people who have undergone
ostomies and their experiences, complement this work in other
languages and for individuals with experiences in other health
care systems, and examine if there are differences among various
populations of people who have undergone ostomies.

We identified 28 individual narrators who have undergone
ostomies, and their videos were widely viewed. In addition to
counting likes, future research should examine who is viewing
these videos, what they are learning from them, and the content
of viewer comments and discussions related to the video content.
The comments analysis could provide a rich discussion around
the strategies and ostomy self-care provided in the ostomy
self-care videos.

In our study, we purposely did not include any video content
from medical professionals or health care professional
organizations because it can contain different information about
ostomy self-care strategies than what is practiced by people
who have undergone ostomies in home settings [35]. We
intended to evaluate end user experiences with ostomy self-care
rather than how people engage with YouTube videos created
by health care professionals. However, we recognize there is
value in comparing user-generated information to what clinicians

and health-related government organizations may communicate
about ostomy self-care as they use YouTube to disseminate
health information [1] that is considered to be the most reliable
and accurate information [6]. Future research should examine
the content in the ostomy self-care videos created by health care
professionals and professional organizations and evaluate how
they compare to the user-generated ostomy self-care YouTube
videos examined in this study.

Conclusions
This study used a novel approach for ostomy care (YouTube
videos) to gain insights into ostomy self-care in home settings
and end user interactions with medical devices while performing
self-care, which are difficult to gather using traditional
behavioral techniques. Using YouTube or other publicly
available content created by individuals dealing with a chronic
condition is a low-cost means to identify successful strategies,
potential design problems, and potential workaround for issues
that would be difficult to obtain in other study designs and
approaches. The analysis of 65 videos showed that people who
have undergone ostomies are willing to share their personal
experience with ostomy self-care on the web and that these
videos are viewed by the public. The findings also identify user
needs related to medical device technology and indicate that
narrators who have undergone ostomies were able to use
problem-solving strategies for decision-making and successful
ostomy self-management. This study demonstrates the potential
value of these videos for filling the gap between health
information delivered by health care professionals and the lived
experience of individuals dealing with a chronic condition.

Additional information related to long-term ostomy self-care
in a home (nonhospital) setting and the differences between
what is clinically recommended and how the procedures and
supplies are actually used by individuals living with ostomies
needs to be more clearly understood for the design and testing
of future ostomy supplies as well as for patient education from
clinicians. Future research could use these approaches to address
other types of clinical information that other clinical populations
need to learn or be able to access when at home as well as
strategies to design better medical devices for home health care
in the future.
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Abstract

Background: Effective symptom identification, a key responsibility for community pharmacists, requires patients to describe
their symptoms accurately and comprehensively. However, current practices in pharmacies may be insufficient in capturing
patient-reported symptoms comprehensively, potentially affecting the quality of pharmaceutical care and patient safety.

Objective: This study aimed to construct a new, hierarchical symptom list derived from the Patient-Friendly Term List of the
Medical Dictionary for Regulatory Activities (MedDRA) and to develop and evaluate a mobile app incorporating this list for
facilitating symptom reporting by patients in pharmacy settings. The study also aimed to assess the usability and acceptance of
this app among potential users.

Methods: Subjective symptom-related terms were extracted from the Patient-Friendly Term List version 23.0 of the MedDRA.
These terms were systematically consolidated and organized into a hierarchical, user-friendly symptom list. A mobile app
incorporating this list was developed for pharmacy settings, featuring a symptom selection interface and a free-text input field
for additional symptoms. The app included an instructional video explaining the importance of symptom reporting and guidance
on navigation. Usability tests and semistructured interviews were conducted with participants aged >20 years. Interview transcripts
were analyzed using the Unified Theory of Acceptance and Use of Technology (UTAUT) model to evaluate factors influencing
the acceptance of technology.

Results: From the initial 1440 terms in the Patient-Friendly Term List, 795 relevant terms were selected and organized into 40
site-specific subcategories, which were then grouped into broader site categories (mental, head, trunk, upper limb, lower limb,
physical condition, and others). These terms were further consolidated into 211 patient-friendly symptom terms, forming a
hierarchical symptom list. The app’s interface design limited options to 10 items per screen to assist with decision-making. A
total of 5 adults participated in the usability test. Participants found the interface intuitive and easy to use, requiring minimal
effort, and provided positive feedback regarding the potential utility of the app in pharmacy settings. The UTAUT analysis
identified several facilitating factors, including ease of use and the potential for enhanced pharmacist-patient communication.
However, concerns were raised about usability for older adults and the need for simplified technical terminology.

Conclusions: The user-friendly app with a hierarchically structured symptom list and complementary free-text entry has potential
benefits for improving the accuracy and efficiency of symptom reporting in pharmacy settings. The positive user acceptance and
identified areas for improvement provide a foundation for further development and implementation of this technology to enhance
communication between patients and pharmacists. Future improvements should focus on addressing usability for older adults
and simplifying technical terminology.

(JMIR Hum Factors 2025;12:e71439)   doi:10.2196/71439
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Introduction

Patient-reported symptoms are critical indicators in health care,
essential for maintaining patient safety and improving
therapeutic outcomes in clinical settings [1,2]. In Japan, the
Ministry of Health, Labour and Welfare launched “Pharmacy
Visions for Patients” in 2015, clearly outlining the role of
community pharmacies, including comprehensive monitoring
of medications, as well as providing tailored drug management
and guidance [3]. A key responsibility for community
pharmacies in this context is to gather and monitor
patient-reported symptoms, essential for identifying potential
health issues and ensuring timely intervention.

For pharmacists, collecting patient-reported symptoms plays
multiple critical roles in medication therapy management. First,
it facilitates the early detection and monitoring of potential
adverse drug reactions, enabling timely interventions to prevent
serious complications. Second, comprehensive symptom
information helps pharmacists assess therapeutic effectiveness
and adjust medication regimens accordingly. Third, systematic
symptom monitoring supports pharmacists in providing targeted
patient education and improving medication adherence through
a better understanding of patient experiences. These activities
are fundamental to the pharmacist’s role in ensuring medication
safety and optimizing therapeutic outcomes.

While health care providers traditionally collect symptom
information through direct questioning, a patient-centered
approach that enables patients to report symptoms at their own
pace using familiar terminology may improve the accuracy and
comprehensiveness of symptom reporting. Such an approach
acknowledges patients as active participants in their health care,
potentially leading to better identification of health-related issues
and more effective interventions. A cross-sectional study
demonstrated that structured symptom reporting tools can help
identify numerous patient-reported symptoms and their potential
associations with medications, providing valuable information
for medication reviews [4]. However, another previous study
showed that patients often underreported symptoms to health
care providers, either because they do not attribute symptoms
to the medication or do not recognize the significance of the
symptoms [5].

To facilitate patient reporting, various symptom questionnaires
have been developed, enabling patients to describe their
experiences [6]. However, many of these tools lack thorough
validation. In Japan, Nojo et al [7] introduced the “Adverse
Drug Reaction Signal Check Sheet,” which lists subjective
symptoms of side effects for patients taking high-risk drugs.
Although limited to specific drugs, the sheet proved effective
in prompting patients to communicate their symptoms during
consultations with pharmacists. This approach suggests that
selecting symptoms from a structured list can support patient
reporting.

The Medical Dictionary for Regulatory Activities (MedDRA),
a globally recognized dictionary of medical terminology,
includes a Patient-Friendly Term List that reflects a wide range
of symptoms reported by patients in safety databases [8].
MedDRA has a hierarchical structure with organ categories at

the top, and its Patient-Friendly Term List is a supplementary
list made up of the lowest-level terms of the MedDRA. This
structured approach allows patients to progressively identify
and report their symptoms. However, international research has
indicated that patients do not fully use this list when reporting
adverse drug reactions [9], suggesting challenges in the direct
adoption of a symptom-reporting system.

This study aimed to construct a new hierarchical list of
symptoms derived from the Patient-Friendly Term List of the
MedDRA to simplify and facilitate incremental symptom
selection by patients. Moreover, we aimed to develop an app
incorporating this list to enhance communications between
patients and pharmacists by facilitating more accurate symptom
reporting.

Methods

Creation of the New Hierarchical, Patient-Friendly
List of Symptoms
A hierarchical list of subjective symptoms was created using
the Patient-Friendly Term List version 23.0 from the MedDRA.
MedDRA, developed by the International Council for
Harmonisation of Technical Requirements for Pharmaceuticals
for Human Use, is a standardized medical terminology used in
pharmaceutical regulation. The MedDRA Patient-Friendly Term
List was selected for this study due to its standardized structure
and global adoption in pharmacovigilance. This list consists of
patient-friendly terms derived from MedDRA, ensuring that the
terminology is both medically accurate and comprehensible to
nonexpert users. The structured format of this list was expected
to facilitate consistent symptom categorization while remaining
accessible to patients, supporting pharmacists in identifying
potential adverse drug reactions (ADRs) and optimizing
medication therapy management.

Terms associated with subjective symptoms were extracted
from the Patient-Friendly Term List and categorized by body
part. Similar terms were consolidated into “symptoms,” forming
the lowest level of a 3-tier hierarchical structure, with “broader
site categories” and “site-specific subcategories” as the upper
levels. This new hierarchical list was reviewed and refined
through multiple rounds of consensus by three researchers (WS,
KH, and HS). WS was an undergraduate student in the Faculty
of Pharmaceutical Sciences, and KH and HS were researchers
in the Faculty of Pharmaceutical Sciences.

Development of a Patient Symptom-Reporting
Application
An app was developed to incorporate the newly created
hierarchical list of symptoms. The app featured a symptom
selection interface, an instructional video explaining the
importance of symptom reporting, and guidance on how to
navigate the app. To assist with decision-making, no more than
10 options were displayed on the screen at a time. In addition
to the structured symptom list, the app included a
complementary free-text entry, allowing users to input
symptoms that may not be represented on the list or when the
listed symptoms did not fit their condition. The app is intended
for use in a pharmacy setting and was designed to capture a
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wide range of symptoms, beyond those related to side effects
of specific drugs. Apache Cordova, an open-source mobile app
development framework, was used for the development. The
operating system used was Android, and the app was run on a
HUAWEI MediaPad T3. The content of the app was written in
Japanese.

Usability Study and Interviews
A usability study was conducted from September to October
2020 with adults aged >20 years, recruited through research
flyers. Participants first completed a questionnaire on their
demographics, medication use, history of ADRs, and familiarity
with digital devices. They were then briefed on the purpose of
the app in a pharmacy setting and the interview format.
Participants tested the app on a HUAWEI MediaPad T3,
entering personal and symptom data on 5 hypothetical patient
scenarios (Table S1 in Multimedia Appendix 1). Following the
app trial, a semistructured interview was conducted, based on
the interview guide (Table S2 in Multimedia Appendix 1), to
gather feedback on the app. Interviews were conducted in
Japanese, focusing on impressions of the app from participants
and their awareness of reporting side effects. All interviews
were recorded with the consent of participants and conducted
by a single researcher (WS).

Analysis of the Interview
Thematic analysis was applied to the recorded interview
transcripts using a deductive and theoretical approach. The
Unified Theory of Acceptance and Use of Technology (UTAUT)
model was used for this analysis. Initially proposed by
Venkatesh et al [10] in 2003, the UTAUT model has been
widely adopted in the medical field in recent years [11]. This
model is particularly useful for understanding factors influencing
the adoption of new technologies. It posits that performance
expectancy (expected benefits of using new technology), effort
expectancy (expectations of the ease of use and understanding
of new technology), and social influence (how much the user’s
decisions about technology are influenced by others) determine
behavioral intention to adopt the technology. Behavioral
intention, along with facilitating conditions, influence actual
technology use. In addition, gender, age, experience with similar
technologies, and spontaneity of use serve as general adjustment
variables (moderators). The translation of these constructs was

based on the work of Ono [12]. In total, 3 researchers conducted
analyses to ensure objectivity.

Ethical Considerations
On the day of the usability study and interview, the survey
content, privacy protection, and plans for publishing the research
results were comprehensively explained to the participants, and
written informed consent to participate in the survey was
obtained. The preinterview questionnaire was self-administered
anonymously. Participants received compensation in the form
of a gift card (Quo Card) valued at 1000 JPY for their
participation in the study. This survey was conducted after being
approved by the Ethics Committee for Research Involving
Human Subjects, Keio University Faculty of pharmacy,
following the Ethical Guidelines for Medical Research Involving
Human Subjects (200213-3).

Results

Creation of the New Patient-Friendly Symptom List
From the 1440 terms in the Patient-Friendly Term List version
23.0, duplicates with the same Japanese translations were
removed, resulting in 1288 terms. Subsequently, 12
product-related terms such as “suspected counterfeit products”
were excluded. In addition, 450 terms that were difficult for
patients to self-identify, including those requiring a medical
diagnosis or those specific to certain conditions, were removed.
Another 31 terms unrelated to medications were deleted, leaving
a total of 795 terms. The 795 terms were systematically sorted
into 40 site-specific subcategories based on information related
to the locus of impact of each word. These site-specific
subcategories were grouped into 7 broad site categories: mental,
head, trunk, upper limb, lower limb, physical condition, and
others (Figure 1). Within each site-specific subcategory, similar
terms were consolidated by grouping related symptoms (eg,
various types of arm discomfort such as “arm paralysis” and
“arm discomfort”) and creating standardized descriptive names
(eg, “tingling and discomfort in the arm”) that accurately
represent the consolidated symptoms. This consolidation process
aimed to simplify symptom selection while maintaining clinical
relevance, yielding 211 subjective symptoms (Figure 1). Finally,
a hierarchical list of patient-friendly symptoms was created
using the hierarchical structure of site categories, subcategories,
and symptoms.
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Figure 1. The broader site categories and site-specific categories for body parts, as well as the word counts before and after consolidation. The 795
terms were systematically sorted into 40 site-specific subcategories based on information related to the locus of impact of each word. These site-specific
subcategories were grouped into 7 broad site categories: mental, head, trunk, upper limb, lower limb, physical condition, and others. Within each
site-specific subcategory, similar terms were consolidated by grouping related symptoms (eg, various types of arm discomfort such as “arm paralysis”
and “arm discomfort”) and creating standardized descriptive names (eg, “tingling and discomfort in the arm”) that accurately represent the consolidated
symptoms. This consolidation process aimed to simplify symptom selection while maintaining clinical relevance. In this figure, the number on the left
side of each arrow represents the count of terms before consolidation and the number on the right indicates the count following this unification process.

To integrate this list into the app, we designed a question flow
that allowed for easy symptom selection. Broader and
site-specific subcategories were modified and recombined into
major site categories and site subcategories for an intuitive
question flow (Figure S1 in Multimedia Appendix 1). As an
example, the hierarchy under the major site category “upper

limbs” and its subcategories is detailed in Table 1. The app
included a free-text entry field labeled as “other” at each
categorical level to capture symptoms that users could not find
in the structured list. This feature was implemented to ensure
comprehensive symptom reporting and to collect data for future
improvements of the symptom list.
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Table 1. Details of selection items (excerpt for upper limbs only). The major site categories, site subcategories, lower-level terms, and symptoms after
consolidation were described in Japanese. The table presented here has been translated into English for this publication.

Symptoms after consolidationLLT codeMajor site categories and subcategories of body parts (LLTa)

Upper limb

Shoulder

Shoulder pain10040610Scapular pain

Shoulder pain10040617Shoulder pain

Arm

Arm pain10033421Upper limb pain

Elbow pain10033424Elbow pain

Arm rash10037875Arm rash

Tingling and discomfort in the arm10003098Arm paralysis

Tingling and discomfort in the arm10049877Arm discomfort

Arm swelling and edema10042680Arm swelling

Weakness in the arm10050379Arm weakness

Hand

Abnormal nails10006373Brittle nails

Abnormal nails10028691Nail discoloration

Swelling and edema in fingers10042694Finger swelling

Swelling and edema in fingers10042695Hand swelling

Hand rash10019117Hand rash

Cold sensation in hands10009860Cold hands

Hand pain10033428Finger pain

Hand pain10033430Hand pain

Itchy hands10023087Itching of both hands

Wrist pain10048692Wrist pain

Tingling, trembling, and discomfort in fingers10009696Clumsiness

Tingling, trembling, and discomfort in fingers10011287Hand cramp

Tingling, trembling, and discomfort in fingers10061156Finger deformity

Tingling, trembling, and discomfort in fingers10016695Stiffness of fingers

Tingling, trembling, and discomfort in fingers10029837Tingling in fingers

Tingling, trembling, and discomfort in fingers10049681Tingling in hands

Tingling, trembling, and discomfort in fingers10067727Reduced dexterity

Tingling, trembling, and discomfort in fingers10040530Hand tremor

aLLT: lowest-level term.

Development of a Symptom-Reporting App
The screen transition diagram and display screens for the app
are shown in Figure 2. Figure 2A shows the screen transition
diagram of the app. The starting screen featured an instructional
video explaining the purpose of the app and the importance of
comprehensive symptom reporting (Figure 2B), followed by a
series of intuitive selections for symptom identification (Figure
2E-J). The closed screen signaled the end of the session,
prompting the user to pass the device on to the pharmacist
(Figure 2K). To minimize cognitive overload, no more than 10

options were displayed per screen, making symptom selection
easier and more manageable. An instructional video was
included to explain the importance of symptom reporting,
providing users with essential background knowledge before
using the app. In addition, a free-text entry field was
implemented to allow patients to describe symptoms not covered
by the structured list, ensuring flexibility while maintaining
structured reporting as the primary method. These features were
designed to enhance the accuracy and completeness of symptom
reporting, thereby improving communication between patients
and pharmacists.
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Figure 2. Screen transition diagram and display screen of the app. (A) Screen transition. (B) Start and video viewing section. (C) Input of personal
information, (D) Confirmation of personal information. (E) Selection of the presence or absence of symptoms. (F) The large category of body parts.
(G) The small category of body parts. (H) The selection of symptoms. (I) Selection of presence of other symptoms. (J) Confirmation of the selected
symptoms. (K) End. The app screen in Japanese is shown since the actual app is in Japanese. English translations of the screen elements are provided
in parentheses within the figure.

Usability of the Symptom-Reporting App
In total, 5 adults participated in the usability study and
interviews. Table 2 presents the demographic characteristics of
the interviewees. Overall, 4 of the 5 interviewees regularly used

smartphones, and 4 of the 5 interviewees had previously
experienced side effects. The interviews elicited valuable
opinions on the usability of the app, as summarized in Table 3,
with an analysis aligned with the UTAUT model presented in
Figure S2 in Multimedia Appendix 1.
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Table 2. Basic information of interviewees.

Smartphone or tabletExperience of side
effects

Types of medicines
taken, n

OccupationSexAge (years)No.

FrequencyPossession

Do not useNoYes9UnemployedFemale791

FrequentlyYesYes3StudentMale242

FrequentlyYesNoNoneOffice workerMale233

FrequentlyYesYes3Sole proprietorshipMale504

FrequentlyYesYes1Medical office workerFemale545
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Table 3. Opinions on app usability based on the Unified Theory of Acceptance and Use of Technology (UTAUT) model.

DetailsUTAUT category

Performance expectancy

Ease of consultation • Easier to answer than to be asked
• Easier to tell something than in person
• Gives a chance to talk
• Unclear what the app is used for

Contribution for medication • May contribute to the treatment of others

Feedback from health care professionals • Good to have an opinion from a pharmacist
• Good to have continuous monitoring
• Good to have topics related to daily life
• Good to have a comfortable relationship with the pharmacist

Other functions • Good to provide information about medication
• Good to enter one’s medication status
• Good to be able to discuss other issues besides symptoms
• Good to be linked to other systems
• Good to be used outside the pharmacy
• Concerns about adding too many functions

Effort expectancy

Ease of use • Usable without problems
• Easy to use selective forms
• Easy to be guided by selective forms
• Negative feelings though none of the options apply to me
• Difficult to enter free-text fields
• Difficult to check, change, or add information
• Difficult to use for older people who are not used to using smartphones or tablets

Expression of question items • Usable without problems
• Very detailed items
• Many specialized words and phrases
• Difficult to understand the words of the site classification
• Difficult to understand the way the questions are asked

Social influence

Influence from health care professionals • Easy to answer if a health care provider asks about symptoms
• App that can be used by pharmacists in medication instruction

Information collection and management • Resistance to data being stored

Facilitating conditions

Appearance • Easy-to-read layout
• Easy-to-read colors
• Easy-to-read font size
• Difficult reading text for older people

Device • Difficult to use keyboard
• No problems with the size of device
• Easy to use the device with horizontal screen display
• Probably being too small for older people

Behavioral intention

Use of app • Want to use the app
• Should be used also outside of pharmacies
• Probably not being able to be used for older people alone
• Sometimes difficult to tell something even with app

In terms of “performance expectancy,” participants expressed
a preference for using the app to consult with pharmacists

because “it is easier to answer than when being asked by a
person,” “it is easier to communicate than doing it face-to-face,”
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and “it gives me a chance to talk to someone.” Some participants
suggested that “it would be beneficial to receive expert opinions
as feedback from a pharmacist.” In terms of “effort expectancy”
(expectations about the ease of use and understanding of new
technology), usability and expressions were both deemed
“usable without problems,” while issues such as “too many
technical terms” and “I feel bad when there are no applicable
choices” were identified. Regarding “social influence” (the
extent to which the user’s technology decisions are influenced
by others), opinions included “it is easy to answer when a
medical professional asks about symptoms” and “pharmacists
can use it in medication guidance,” indicating that the influence
of medical professionals contributes to the behavioral intention
to use the technology. Regarding the “facilitating conditions,”
it was suggested that there should be no problems with the
design and terminal. Based on the above, all participants were
positive about their behavioral intention to use the app, and
some suggested that the app should be used outside pharmacies.
Concerns were raised regarding the use of the app by older
adults.

Several factors that did not align with the UTAUT model but
significantly affected how ADRs reported to health care
providers were identified. These factors included “I recognize
pharmacist as a person to consult, but do not want to consult,”
“I will not consult if not sure of side effect,” “I will not consult
if the side effect is minor or not necessary to discuss by myself,”
and “I will not consult if I think it is a side effect.” In addition,
factors specifically affecting the reporting of ADRs to health
care providers comprised “I recognize that it is an ADR but do
not want to discuss it with a pharmacist,” “I do not discuss it
unless I am sure it is an adverse drug reaction,” “I do not discuss
it unless I am sure it is an adverse drug reaction,” and “I feel
uncomfortable reporting an adverse drug reaction.”

Discussion

Principal Findings
In this study, we developed a hierarchical list of symptoms
based on the MedDRA Patient-Friendly Term List and created
an app that enables patients to easily select symptoms. The
potential use of the app in pharmacies was well received,
indicating that it could significantly aid patients in
communicating their symptoms more effectively.

Our newly created list comprised 211 symptoms, and to improve
user-friendliness, we implemented a “questionnaire flow” within
the app, based on the hierarchical structure. This approach
allows users to systematically select symptoms by navigating
through major site categories, site subcategories, and detailed
symptoms. Participants using the app in 5 hypothetical patient
scenarios praised its ease of use, confirming the feasibility of
using the hierarchical list of symptoms and the app for effective
symptom selection. Previous research revealed that
approximately 20% of reports on side effects used
patient-friendly terms, with the majority opting for free-text
entries [5]. By limiting displayed options to 10 or fewer, while
providing a free-text input field for unlisted symptoms, our app
may improve the ease of symptom identification. This design
feature was further supported by the overall positive feedback

from the participants. Future updates to the symptom list,
informed by the analysis of real-world, free-text entries, could
further streamline symptom reporting.

Participants in our study expressed their opinions about reporting
usual self-aware symptoms such as “I do not discuss subjective
symptoms unless I am sure they are side effects” and “I do not
mention side effects if they seem minor or unnecessary to
report,” which aligns with reasons reported in previous research
for underreporting symptoms to health care providers [5]. These
responses highlight common barriers to symptom reporting in
health care settings, including patients’ uncertainty about
whether symptoms are drug-related and their hesitation to
mention symptoms they perceive as minor. To address these
universal challenges, our app was designed with a structured
interface and a hierarchical organization of symptoms, guiding
patients through a systematic symptom-reporting process. The
hierarchical structure of the app enables patients to progressively
identify and select symptoms, potentially increasing the
comprehensiveness of reported symptoms while reducing
psychological barriers to reporting even minor or uncertain
symptoms. Positive feedback from participants, such as “easier
to answer than being asked by someone,” “easier to
communicate than doing it face-to-face,” and “becomes a trigger
to talk,” suggests that this structured approach could effectively
address these reporting barriers. In addition, participants’
feedback indicating the app’s effortlessness (“can use without
a problem”) and willingness to use (“I want to use it”) suggests
its potential for successful implementation in pharmacy practice.

From the perspective of health care providers, pharmacists can
review these structured patient reports before medicine
consultation, enabling more focused and efficient discussions.
These features, combined with the ability of the app to document
patient-reported outcomes systematically, provide a foundation
for continuous monitoring of therapy effectiveness and early
detection of drug-related problems.

While our usability study received positive feedback regarding
the potential of the app, we also identified several usability
issues, particularly among older users. A participant aged 79
years expressed concerns, stating “I might not be able to use it
on my own,” and other feedback pointed to specific issues such
as “The size may be too small for elderly users” and “The text
might be difficult to read.” Given that many customers of
pharmacies are older adults, future usability assessments should
focus on this population.

Implementing our app in pharmacy settings strategically aligns
with the evolving health care landscape in Japan, particularly
in aging societies where pharmacies are expanding beyond
traditional medication dispensing [3,13]. Pharmacies offer
several unique advantages as ideal implementation sites,
including their high accessibility, regular patient visits, and
prescription preparation waiting time, which offers a natural
opportunity for symptom reporting without disrupting workflow.
While the app could be valuable in various health care settings,
including clinics and hospitals, pharmacies offer unique
advantages. Pharmacists’ expertise in medication, combined
with their frequent patient interactions, makes them ideal
providers for continuous symptom monitoring and self-care
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support. Their role has evolved from traditional medication
dispensing and adverse effect monitoring to more comprehensive
patient care support. Integrating the app into pharmacy practice
could particularly support patient engagement in their own
health care by enabling systematic symptom reporting in a
familiar, low-pressure environment. This approach not only
supports pharmacists’ evolving role in comprehensive patient
care but also promotes active patient participation in medication
management.

Future research should systematically evaluate the effectiveness
of the app in achieving its intended outcomes. Key areas of
investigation include the impact of the app on the number and
types of symptoms reported. Quantitative measurements will
be valuable in assessing the impact on pharmaceutical
interventions, including the identification of drug-related
problems and subsequent care recommendations. Further
research opportunities lie in evaluating improvements in the
quality of patient-pharmacist communication and the effect of
the app on the efficiency of pharmacy workflow. These
investigations would benefit from including a larger, more

diverse patient population in real-world pharmacy settings, with
particular attention to older adults who represent a significant
portion of pharmacy patients.

Although our sample size of 5 participants is consistent with
recommendations for initial usability testing suggesting that 5
users can identify approximately 80% of major usability issues
[14], this small sample size limits the generalizability of our
findings. This limitation highlights the need for additional testing
with a larger and more diverse user group to ensure the app
meets the needs of all potential users in pharmacy settings.

Conclusions
We successfully developed a new hierarchical list of symptoms
and an accompanying app. The app, designed to enable users
to select symptoms from a structured list, was positively
accepted and showed strong potential for improving patient
behavior in symptom reporting. Future improvements to the
design of the app design, particularly for older users, will further
enhance its utility in both pharmacy settings and broader health
care environments.
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Abstract

Background: Chronic kidney disease (CKD) is a common condition worldwide and home dialysis (HD) provides economic,
quality of life, and clinical advantages compared to other dialysis modalities. Human-centered design aims to support the
development of eHealth solutions with high usability and user experience. However, research on the eHealth needs of patients
using HD is scarce.

Objective: This study aimed to support the design of eHealth for patients with CKD, particularly for patients using HD, by
developing a kidney disease experience map that illustrates user needs, concerns, and barriers. The research questions were (1)
what experiences do patients, particularly older adults, have in their everyday lives with CKD? (2) what user needs do patients
with CKD have for HD eHealth? (3) how can these needs be illustrated using the experience map technique? The study focused
on patients aged >60 years, as they are at a higher risk of chronic conditions. The study was conducted as part of the eHealth in
HD project, coordinated by Hospital District of Helsinki and Uusimaa, Finland.

Methods: In total, 18 patients in different care modalities participated in retrospective interviews conducted between October
2020 and April 2021. The interviews included a preliminary task with patient journey illustrations and questions about their
experiences and everyday lives with CKD. The data analysis was conducted using a thematic analysis approach and the process
included several phases.

Results: On the basis of the thematic analysis, 5 categories were identified: healthy habits, concerns about and barriers to eHealth
use, digital communication, patients’ emotions, and everyday life with CKD. These were illustrated in the first version of the
kidney disease experience map. The patients had different healthy habits regarding social life, sports, and other activities. They
had challenges with poorly functioning eHealth software and experienced other factors, such as a lack of interest and lack of
skills for eHealth use. Technical devices do not always meet the emotional or physical needs of their users. This caused feelings
of frustration, worry, and fear in patients, yet also fostered situational awareness and hope.

Conclusions: The experience map is a promising method for illustrating user needs and communicating the patient’s voice for
eHealth development. eHealth offers possibilities to support patient’s everyday life with chronic disease. The patient’s situation
and capacity to use eHealth solutions vary with their everyday challenges, opportunities, and their current stage of treatment. The
kidney disease experience map will be used and further developed in the ongoing research project “Better Health at
Home—Optimized Human-Centered Care of Predialysis and Home Dialysis Patients” (2022 to 2026).

(JMIR Hum Factors 2025;12:e48221)   doi:10.2196/48221
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Introduction

Background
Chronic kidney disease (CKD) is a common condition
worldwide. It has been estimated that 11% to 13% of the
population in high-income countries have CKD. The number
of patients with advanced kidney disease is growing 5% to 7%
per year [1,2]. The prevalence of CKD is highest among older
adults, ranging from 38% to 44% in patients aged >65 years
[3,4]. In total 2.05 million people were treated with dialysis
worldwide in 2010 [2]. In 2017, 1.2 million people died globally
because of CKD [5].

Patients with end-stage CKD need kidney transplants or dialysis
to survive. Dialysis can be performed in a dialysis unit in a
hospital (ie, in-center dialysis), in a satellite dialysis unit, or at
home using peritoneal dialysis or hemodialysis. The dialysis
modality may vary depending on the patient’s current health
and life situation. Both in-center and satellite dialysis can be
laborious for patients [6] and impose a heavy financial burden
on medical care [7]. Therefore, home dialysis (HD) provides
better quality of life and clinical advantages and empowers
patients by providing them with more flexibility in their
everyday lives [6,8].

Even though bringing dialysis treatment to a patient’s home
might be burdensome and complicated for both the patient and
the health care unit [8,9], there is a common understanding that
HD prevalence needs to increase [1]. HD creates opportunities
to improve the patient’s safety and quality of life, as well as to

support self-management of health [6,10]. HD has also proven
to be feasible for older adults, even though challenges such as
fear of needles or doubts about handling them, or other physical
limitations have been recognized [8,11,12].

Research advises a holistic eHealth design that integrates
technologies, end users, and use contexts [13-15]. Using
human-centered design (HCD) approach [16], our study aimed
to support the design of eHealth for patients with CKD,
especially those on HD care, by investigating user needs,
concerns, and digital service barriers, and illustrating those in
the format of a kidney disease experience map. Due to the high
prevalence of CKD among older adults [8], both in Finland and
worldwide [17], the focus of the study was set on the perspective
of older adults. The research questions were as follows:

1. What experiences do patients, particularly older adults,
have in their everyday lives with CKD?

2. What user needs do patients with CKD have for HD
eHealth?

3. How can these needs be illustrated using the experience
map technique?

The study was part of the eHealth in HD project (“device
research”) [18] coordinated by the Hospital District of Helsinki
and Uusimaa in Finland from 2020 to 2022. The project aimed
to create a novel eHealth solution for patients with CKD
undergoing HD (named “Home dialysis eHealth solution”) and
research devices that support patients both before and throughout
dialysis therapy by gathering monitoring data, managing HD
supply orders, and facilitating communication between the
patient and the health care team (Figure 1).

Figure 1. eHealth solution and research devices for home dialysis. BP: blood pressure; HUS: Helsinki University Hospital; IoT: Internet of Things;
PROM: patient-reported outcome measure; UI: user interface.
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HCD of eHealth Solutions
HCD is an approach to interactive system development that
aims to develop solutions with high usability and user experience
[16]. The principles of HCD highlight the importance of
involving end users in an iterative design process [16,19] and
understanding their needs at the beginning of the development
process [16,19].

When exploring user needs, researchers collect information, for
example, about what features digital services should contain
and how they should function from the perspectives of end
users. The user needs exploration is important as it helps service
designers to understand the role and meaning of the solutions
for end users, in our case, patients using HD. eHealth is used
to refer to digital health services, and health information offered
through the internet or other technology solutions improving
health care [20,21]. By designing in a human-centric way and
involving end users in the development, eHealth can offer more
value and new ways to provide health care and well-being
services for patients and all citizens [13,21]. For patients with
chronic illnesses, eHealth solutions can offer new
communication possibilities between the patient and the health
care team, as well as support empowerment and improve quality
of life [21,22].

Patient Journey Maps and Experience Maps as
Illustrations of User Needs
A patient journey map and an experience map are tools for 2
different purposes. In this study, patient journey maps were
used as a part of patient interviews [23], and an experience map
was used to communicate the results of the study holistically.

Patient journey maps as tools for visualizing patient journeys
can be used to support the design of eHealth in several ways.
The maps can help researchers and designers to identify how
health care processes can be improved, for example, identify
gaps and improve the processes by integrating eHealth solutions
as part of those processes [24]. The patient journey maps sum
up patients’ experiences and care activities in a single,
chronological, timeline-type visualization [24]. As the maps
can help to explain what patients go through with their disease
[23,24], they can help designers promote empathy, which is
important in HCD [25-27]. Furthermore, they can help the
sharing of knowledge between stakeholders as well as activate
creative thinking [28].

Patient journey maps can be applied in various specialties
regardless of the medical condition. For example, patient journey
maps have been used to illustrate home isolation experiences
of people with mild COVID-19 [29], hypertensive disorders in
pregnancy [30], cancer [24], cervical dystonia [31], and kidney
diseases [32]. In literature, the focus of patient journey maps
varies from communicating patients’ emotions and identifying
process gaps to the importance of shared decision-making [33].

Experience maps are tools to combine situations, functions,
emotions, and contacts in the same visualization [34].
Experience maps are valuable in the development of various

eHealth, mobile health, and other apps, helping to communicate,
for example, how cancer affects a patient’s life and capturing
patients’ voices [35]. However, similar to patient journey maps,
there is no standardized way to visualize and use them in an
eHealth development context [33]. To our knowledge, no
experience maps have been produced to represent the everyday
life of patients with CKD using HD. Even though working with
experience maps helps to identify users’ needs [34], based on
our literature review, few patient journey maps or experience
maps focus on illustrating and communicating the needs as a
basis for eHealth design and requirements specification.

Older Adults as eHealth Users
The European population is aging [36]. In Finland, >2 million
citizens (ie, 36% of the population) are ≥55 years old [37].
Finnish older adults have good self-confidence in using digital
services. In the 55 to 64 age group, >80% of Finns felt that their
digital skills were at least on par with those of other Finns, and
in the 65 to 74 age group, >60% of Finns felt the same [38]. At
the same time, the number of patients in Finland who undergo
dialysis, is expected to increase by >36% before 2040 [39].
Therefore, Finnish older adults seem to have both a need for
and self-confidence in using CKD eHealth.

Older adults, due to an increase in diseases and complex health
issues, could benefit substantially from eHealth [40]. Still, they
experience several barriers to using eHealth, such as privacy
concerns, lack of motivation to use digital solutions [41,42],
and challenges to finding, accessing and understanding
health-related information [40,43]. In addition, they have
concerns about eHealth reducing the time with the physicians
during appointments [42]. Although they can benefit from
eHealth, they still face several challenges that could be solved
with careful design.

The health situation also affects the use of the eHealth and user
needs. Many eHealth tools are intended for the treatment of a
specific disease. One or more chronic health conditions can lead
to several regular self-management tasks [40], which can
potentially affect a patient’s everyday life and the use context
of eHealth. Therefore, eHealth should be adapted to each user’s
special situation [44].

Methods

Overview
Combining different context-specific strategies is important
when developing services in a complex environment, such as
health care [15]. Our study on user needs of patients with CKD
for eHealth used a qualitative research approach and
semistructured interviews [23,45] as the primary method for
data gathering. The interviews were supported with preliminary
tasks, which included visualizing patient’s journey in the form
of a timeline drawing [23]. The procedure of the study included
several phases starting from the recruitment and ending with
the creation of the kidney disease experience map illustration
(Figure 2).
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Figure 2. Procedure of the study.

Ethical Considerations
The empirical study was conducted as part of the eHealth in
HD project, which received permission from the ethical
committee of the Hospital District of Helsinki and Uusimaa
(HUS/1649/2020, Jarkko Ihalainen). All participants gave their
voluntary, informed, and written consent. The patients’
capabilities to participate in the study were ensured. While
analyzing the data, the information of the patients participating
in the study was pseudonymized and coded with the
identification numbers. Only the researchers assigned to the
study had access to the data. No compensation was paid to the
participants for their participation.

Participants
In total, 18 patients aged ≥60 years participated in the study: 5
patients in predialysis phase, 4 patients in satellite dialysis, 5
patients in home peritoneal dialysis care, and 4 patients in home
hemodialysis care (Table 1). Most of the participants were
retired. The sample excluded in-center patients with dialysis,
but included patients with dialysis in satellite units. The
participants were recruited from the group of patients who were
participating in the larger research project of HD eHealth
solution development.

Table 1. Demographics of study participants (N=18).

Frequency, n (%)Demographics

Dialysis

5 (28)Predialysis

4 (22)Satellite dialysis

5 (28)Home peritoneal dialysis

4 (22)Home hemodialysis

Gender

4 (22)Woman

14 (78)Man

Education

4 (22)Basic education

4 (22)Upper secondary level

5 (28)Bachelor’s degree

3 (17)Master’s degree

2 (11)Other

Technology skills (self-assessed)

6 (33)Good

11 (61)Basic

1 (6)Weak

The health care team recruited the patients by distributing
materials about the study and asking about their interest in
participation. Participation was voluntary and they did not get
any compensation. The study participants were already familiar
with the novel HD eHealth solution under development and had
tested the first version of the solution. The research nurse
contacted the potential participants first and informed them
about the study. If the participants wanted to participate in the
study, they signed the consent form, and the research nurse
provided their contact information to the researchers. Then, the

research material package, prepared by the researchers,
consisting of a cover letter, a preliminary interview task,
background information forms, and the responsible researcher’s
contact details were sent to the participants. After sending the
package to the participants, the researcher called them to provide
more detailed instructions, answer any questions, and schedule
a time for the remote interview.
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Preliminary Tasks and Retrospective Interviews
Interviews are useful in the phases of any development process
related to eHealth [15]. In our study, retrospective interviews
included questions about the patient’s journey, treatments
experiences, cooperation with the health care team, technology
experiences, and visions for the future. The themes broadly
covered patients’everyday experiences with the illness, practical
questions, and the comprehensive timeline with CKD.

The idea of the visual timeline drawing as the preliminary task
for the interview was to (1) help the interviewee to process and
structure their multistage patient path even before the interview,
and (2) help with communication between the interviewee and
researcher during the remote interview [23]. The preliminary
task was sent to the interviewees 2 weeks before each interview.
In this task, patients were asked to identify and illustrate
significant milestones, events, and experiences with their illness
to a timeline. The patients returned the task to the researchers
before the remote interview.

The interviews were conducted between October 2020 and April
2021 when the second wave of COVID-19 was underway in
Finland. For safety reasons, the interviews were arranged
remotely via Microsoft Teams. Two researchers were present
in the interview session with the participating patient: one

researcher being the interviewer and the other note-taker.
Interviews were audio-recorded using recording functionality
of Microsoft Teams. Data gathering was conducted in
collaboration with 5 researchers (SL, NK, JV, SH, and PV): 2
doctoral researchers, 2 students, and a professor from the
human-computer interaction field.

Data and Analysis

Overview
The data included recordings and notes from the interviews, as
well as illustrations of patient journeys. The interview notes
were finalized according to audio recordings and the
transcriptions were pseudonymized. In total, the data consisted
of 155 pages (ie, 58,429 words) of written notes and 18
paper-based patient journey visualizations (ie, visual timeline
drawings). A total of 5 researchers (SL, NK, JV, SH, and PV)
participated in the data analysis.

The data were analyzed in 4 phases (Figure 3): (1) grounded
theory analysis, (2) thematic analysis, (3) user needs exploration
and thematic categorization, and (4) comprehensive affinity
diagram creation. The data included many different perspectives
to understand the different nuances and ensure reliability, and
the analysis was done in collaboration with several researchers
in many phases.

Figure 3. Four phases of data analysis.

Phase 1: Grounded Theory Analysis
In the first phase [46], the pseudonymized interview transcripts
were analyzed following the main structure of grounded theory
[47,48] using ATLAS.ti software version 9.1.5.0 (ATLAS.ti
Scientific Software Development GmbH, “ATLAS.ti”) [46].
During the analysis, the interview data was coded using
researcher-denoted concepts and open coding influenced by the
grounded theory [46,47]. The first round of interview data
analysis following grounded theory was conducted by SL.

Phase 2: Thematic Analysis
In the second phase, the principles of the thematic analysis
method [48,49] were followed to analyze the interview data
from 18 participants from an existentialist perspective, including
references to death, well-being, and atmosphere in life (eg,
emotions) [50-52]. In addition, the analysis used the holistic

framework [13-15] of exploring the context of use, technology,
and people.

On the basis of the analysis, 3 thematic categories were
identified: healthy habits, concerns and barriers for eHealth use,
and everyday life with CKD. Observations based on interview
transcripts were written on post-it notes and thematically
categorized following the phases of the affinity diagram method
[48,49]. The data gathered using preliminary task of patient
journeys were mapped in line with the interview transcripts. In
addition to the initial 3 themes, 2 categories were formed based
on thematic analysis: digital communication and patients’
emotions. Concerns and use barriers for eHealth were
investigated from the data by two researchers (PV and SH). The
digital communication affinity diagram was done by three
researchers (PV, SH, and JV).

The thematic analysis categories include several aspects as
presented in Textbox 1.
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Textbox 1. Categories of thematic analysis.

• Healthy habits: health-promoting activities and hobbies that were mentioned by interviewees, including the whole scale of activities from sports
to eating habits.

• Concerns and use barriers for eHealth: observations related to everyday life challenges with the disease, use challenges and barriers of digital
services, negative emotions, such as worries or dissatisfactions, and patient path challenges.

• Digital communication: observations concerning health care-related digital communication habits, channels, and experiences.

• Patients’ emotions: observations of emotions and experiences interviewees mentioned in the interviews and patient journey visualizations. The
emotions included the whole scale of emotions, from fear and confusion to happiness.

• Everyday life with chronic kidney disease: observations related to interviewees’ thoughts, stories, and experiences of their everyday lives,
including references to death. Death made the participants reflect from different perspectives: their own (forthcoming) death was compared to
other deaths, the actions to avoid death were listed, and the inevitable nature of death was considered.

Finally, the frequency of observations per theme was calculated
(Multimedia Appendix 1). Most of the observations were related
to concerns and barriers to technology use. Emotions and healthy
habits were also common topics in all the interviews.

Phase 3: The User Needs Exploration and Thematic
Categorization
The third phase focused on analyzing user needs. All the
gathered data were explored from the viewpoint of user needs
from 2 perspectives: exploring digital communication needs
and exploring overall user needs for interactive solution
development. In the analysis, 2 researchers (PV and SH)
explored the data labeled “digital communication,” “user needs,”
and “to eHealth solution concept” in ATLAS.ti and formulated
the observations as user needs. The second round resulted in
165 needs.

After this, the digital communication affinity diagram was
created in collaboration with 3 researchers (SH, JV, and PV).
The user needs were written on post-it-notes by PV, and
analyzed, and regrouped to the affinity diagram in collaboration
with SH, JV, and PV. In the affinity diagram, the identified
needs (n=165, 100%) were thematically grouped under 5
categories: overall interaction and communication (n=77, 47%
of all identified needs), patients’ digital activities (n=28, 17%),
instruments (n=27, 16%), inventory and ordering dialysis
supplies (n=19, 12%), and digital communication with the health
care team (n=14, 8%). While creating the affinity diagram of
digital communication needs, doubles were removed.

When exploring overall user needs, the data transcriptions of
18 interviews were analyzed using ATLAS.ti. During this
analysis, the data labeled with the following codes—“user
needs,” “healthy habits and hobbies,” “suggestion,”
“communication,” “digital services,” “tasks,” “care team,”
“communication,” “social relationships,” “equipment,”
“challenges,” “positive experiences,” and “device

research”—were explored and formulated as user needs. In
total, 287 user needs were identified and written on post-it notes
as preparation for the comprehensive affinity diagram work.

Phase 4: Comprehensive Affinity Diagram
In the fourth phase, the affinity diagrams created in the previous
analysis phase were merged to form a comprehensive affinity
diagram. Three researchers recategorized the post-it notes to
create a comprehensive affinity diagram of user needs. The
main themes of the diagram were “eHealth user interfaces,”
“Inventory and ordering dialysis supplies,” “Overall interaction
and communication,” “Process,” “HD eHealth solution,”
“Family/peer-support,” “Patients’digital activities,” and “Needs
for improving the quality of life” (Multimedia Appendix 2).
These 5 were used as the leading themes to guide the design of
the first version of the kidney disease experience map. Data
analysis results were discussed between PV, SH, VR, and JV.

Creation of the First Version of the Kidney Disease
Experience Map
An experience map is a tool that strings the perspectives of the
context of use, people, and technology, together in a holistic
manner [13-15]. The maps can be used to support the
communication between stakeholders and to capture a patient’s
voice in eHealth design [35]. The first version of the kidney
disease patient experience map (Figure 4) was made by
combining remarks from existing example models particularly
the cancer experience map [35]. In the first paper-based template
of our map, the preliminary phases from the preliminary tasks
(ie, patient journey maps) were illustrated: “before diagnosis,”
“diagnosis and passive treatment,” “treatment method selection,”
“beginning of treatment/training,” and “home dialysis.” Post-it
notes from the comprehensive affinity diagram were added
under those phases. The first draft of the patient experience map
was created in collaboration with 3 researchers.
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Figure 4. Overview of the data analysis process leading to the creation of the first version of the kidney disease experience map.

Next, the structure of the experience map was refined based on
the number of post-it notes in each phase. The duplicate post-it
notes were removed and the content of the map was reorganized
(PV, SH, and JV). To validate the contents of the draft map
further, 2 researchers (PV and SH) reexamined the post-it notes
after which 4 other researchers (JV, NK, SL, and VR) gave
feedback on the next version of the map. After all, in total of 6
researchers (PV, SH, JV, NK, SL, and VR) participated at least
somehow in the experience map visualization process. The
published version of the first version of the kidney disease
experience map was finalized by PV. An overview of the
multiphase analysis process which led to the creation of this
first version of the kidney disease experience map is illustrated
in Figure 4.

Results

Overview
As the outcome of the study, the first version of the kidney
disease experience map, which illustrates the user needs,
concerns, and barriers of patients with CKD for eHealth, was
created. This section explores the patients (ie, people),
technology, and context of use perspectives [13-15]. First,
patients’ healthy habits are investigated and their concerns and
barriers to technology are addressed. Then, the technology is
examined, concentrating on digital communication. Finally, the
context of use from the perspective of patients’ everyday lives
is explored. Due to sensitive personal issues, research results
and citations are presented without identification information
to ensure complete anonymity of the participants.

Exploring the People: Healthy Habits
The patients had different needs for healthy habits regarding
social life, sports, and other activities (Multimedia Appendix
3). Patients mentioned that social life and taking care of close
relatives, such as grandchildren, were important to them.
Incidental exercises, including gardening or shoveling snow,

were popular. Being in nature, picking mushrooms or berries,
fishing, and hiking, along with other everyday life activities,
such as club and society activities or studying, brought
well-being to the participants. Animals, for example, dogs, cats,
and summer chickens, also supported the participants’
well-being. Handcrafting, art, and culture were also seen as
important, but COVID-19 restricted those activities. The
importance of many remote social contacts was mentioned in
the data, and patients had to learn new eating habits, such as
losing weight or cutting down on alcohol consumption.

Exploring the People: Concerns and Barriers for
eHealth Use
Patients were challenged with poorly functioning available
eHealth solutions and also experienced other negative factors,
such as lack of interest or lack of skills (Multimedia Appendix
4). Technical devices did not always meet the emotional or
physical needs of their users. This caused emotions like
frustration, worry, and fear from patients. The patients’
responses covered their available eHealth solutions, not focusing
especially on the HD eHealth solution.

The solution or software used by patients for their CKD care
was found to function poorly in many ways. For example, the
devices as a part of the HD eHealth solution did not work as
expected, or they worked differently than they expected:

I have no control over the information. If I measure
my blood pressure, I press the BT button and then it
should be delivered, but I don’t know if it did. The
same goes for the scale, *beep*, and maybe it
synchronized. [P18]

Alongside poorly functioning devices, in some cases, the HD
eHealth app also did not work well. The software content (eg,
one’s results or visualizations of one’s health situations) was
challenging to understand or find. The HD eHealth app was
challenging to use with small mobile phone screens and its user
interface terminology caused problems for patients:
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There have been a few problems with the phone. There
will be updates and then it will freeze somehow. I
don’t understand much; the basic things are in
Finnish, but then they are English words so... This
was at least the third time that the nurse had visited
us. [P17]

Others have also worked well. Even the mobile phone.
You can monitor your health from it, even though it
has those [health status] curves that you don’t
understand much about. [P13]

The participants doubted the functionality of the HD eHealth
solution, both devices and the app. With the dialysis monitor,
they were worried that something would go wrong:

I haven’t used (ie, the devices and instruments) much,
I’ve just tried. I’m a bit lazy. I doubt whether the
instrument is still in good condition. There was an
error message about a month ago. There was a
notification that there was still something wrong. I
thought I’d let it be and fix the instrument before I
started. [P24]

When the first treatments started, it was so exciting.
But after a month had passed, it had become routine
and was no longer exciting. Then, when I moved home
from hospital, I started to get excited again. [P22]

Exploring the Technology: Digital Communication

Overview
Patients commented on digital devices and the app from many
different aspects in terms of the technical functionality and the
emotion they cause. The contents of the solution’s user interface
(Figure 1), as well as other user interfaces, were also commented
on. Patients linked and communicated with the health care team
through digital channels and used technology independently as
a part of their HD treatment during the research.

Many Groups Communicate With the Patient
Communication within the health care team is important, but
also nurses, physicians, and patients share information
(Multimedia Appendix 2). To get the supplies and instruments
needed for HD care, the patient also needs to be in regular
contact with the pharmacy or the health care team. Relatives
must not be forgotten either, as patients may want to share
information with them:

To be able to get in touch with the on-call
nephrologist or the other way around, perhaps you
could organize a little more frequent meeting. I think
that many patients could have questions for the doctor
that the nurses cannot or are not allowed to answer.
Nephrologist on-call from the computer. [P24]

Examples of Current Communication Channels
Depending on the patients’ devices and patients’ capabilities to
use them, HD patients use different communication channels
for following their health records and CKD-specific operations.
They order HD supplies once per month. Some patients have
created their digital tools (eg, Excel sheets), which calculate the
number of needed supplies automatically. After that, the order

will be sent via email to the nurse. Still, Excel sheets or other
tools for ordering dialysis supplies are not an option for
everybody. Therefore, an easy-to-use solution for ordering
supplies and managing inventory is needed for HD patients:

Orders must be sent once a month. I have an Excel
sheet that automatically keeps the balances. Then,
there is a page where you can automatically see what
needs to be ordered. I have made Excel sheets myself.
It’s quite a job when there are more than 30 different
supplies. Syringes... you must know their numbers.
Sometimes, I also check some information. If one item
is true, then so are all the others. It’s automatic. I
then make a .pdf list from the Excel sheet, one A4,
and then it goes [by e-mail to the nurse]. [P30]

In Finland, patients follow their health records via national or
local patient portals (eg, “My Kanta Pages” [53] or “MyChart”
[54]). Patients with chronic illness have many laboratory tests
taken. They appreciate that all their health records are found in
one place, but each record is shown in detail separately, too.
Therefore, easy-to-read visualizations of test results and current
health situations are needed:

MyChart is as hopeless as My Kanta, both of which
break down the lab results separately, even if they
want to see them as a whole. Applying for your results
is difficult. [P37]

I look at the results on ‘My Kanta,’ all diagnoses
come there, as well as laboratory test results. From
there, I can see them all. The information is readable
and remains stored. I think ‘My Kanta’is really good.
There you can also see laboratory visits from a
certain period if you want to follow a limited period.
[P21]

Positive Attitude Toward Digital Communication
All patients participating in the study seemed to have a positive
attitude toward digital communication tools. For example,
paper-based dialysis supply orderings may be forgotten and
instead, digital tools can step in and help patients with their
everyday lives. Patients felt that digital solutions enabled
information-seeking and offered more flexibility in meetings
with the health care team and other contacts:

Their version is that they hand out an A4 paper. You
should fill it in; it’s difficult manually. The risk is that
you forget. [P30]

We have internet and e-mail. My wife uses them more;
I just read. The wife handles banking and other things
remotely. I kind of stopped using the computer when
I don’t need to. You could probably handle things
digitally. I haven’t come across anything like that. I
have had to deal with a lot of paper. I have not been
approached digitally. Yes, it would be even easier.
You could reach the staff at any time. [P24]
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Exploring the Context of Use: Everyday Life and
Emotions

Overview
The main themes related to everyday life were thinking of death,
the importance of care, changes in well-being after treatment
started, and emotions (Multimedia Appendix 5).

The Presence of Death
With kidney disease, death is present in life. It is known that
without dialysis or receiving a transplant, one dies. The logic
of the disease is unequivocal: when dialysis no longer helps,
the person knows they are going to die:

I think that the disease is deadly and must be treated.
[P21]

Everyone knows that life ends eventually, but I’m not
afraid of it in any way. [P1]

The General Well-Being of the Participants Varied
The patients understood the essentiality of treatment and often
felt better after the treatment started. They wished to be able to
continue life as normally as possible. One patient (P9) described
experiencing leg cramps at night, which had caused them to
sleep poorly. After the dialysis treatment started, the cramps
stopped. They managed better than before and could even go
for walks:

I hope I don’t end up on dialysis. Of course, it is
ahead, but hopefully as far as possible. It is a wish.
[P20]

It’s just that now I feel like I’m getting older. I
recently turned 70, so all kinds of unnecessary aches
and pains will increase. [P25]

Everyday Life Is Characterized by Waiting
The health situation of a patient can be improved either with
dialysis or a transplant. Having to wait for transplant can have
major setbacks; one patient (P24) had to be removed from the
transplantation waiting list due to amputation and sepsis, which
is why they now focus on keeping themselves in the best
possible physical condition through physical activities. Patients
were waiting to travel.

A Wide Range of Emotions in Everyday Life
A wide range of emotions appeared in the interview data about
the patient’s everyday life. Despite the challenges of the disease,
most of the patients described their lives with the disease in
somewhat positive terms. Everyday life with the disease seemed
to go somewhat smoothly.

In addition to positive feelings, patients also expressed negative
emotions, such as confusion, fear, irritation, anger, and
frustration. Feelings of confusion were caused by changes in
health status and events in the patient’s journey, uncertainty of
the future steps in the journey, or technology that worked
unexpectedly. After receiving the diagnosis, one patient was
confused because they did not fully understand what kind of
disease the diagnosis was about. Several patients brought up
fear in the interviews. Things related to the treatments were
especially scary. Most of the patients also described irritation

or anger at least sometimes during the patient journey. In
addition, half of the patients reported frustration. Health
challenges, the difficulty or even failure of a treatment, and the
commitment to dialysis treatment were irritating. The most
frustrating thing was when HD treatment did not go as well as
planned. Another source of frustration was digital systems,
equipment, and devices:

And a little fear. I am quite hopeful that I will get
there on the transplantation waiting list and that it
will be successful at some point. I hope that I can
make it there (ie, from a health perspective), and if
this continues, then there is nothing to worry about.
[P11]

Actigraphy, a part of HD eHealth solution, is
inconvenient, but there is nothing wrong with the
other devices, everything is fine. I have a strong belief
that information will go forward. It’s enough for me
to see on the scale and blood pressure monitor that
my weight and blood pressure are okay. [P18]

This home dialysis takes up a lot of space. Do you
see these boxes? A huge package comes once a month.
The dialysis monitor also takes up quite a lot of space.
And then the cabinets, where you put all the treatment
consumables. And there is a bottle like this: hand
sanitizer comes once a month. Quite a lot of supplies
come from the hospital once a month. This room is
completely reserved for dialysis. [P30]

HD taking up too much space or other resources was both
irritating and frustrating. HD requires much space at home, so
some patients had to renovate their homes. However, almost
half of the patients felt that their living conditions did not require
changes due to HD. The patients felt it was important that the
dialysis treatment could also be done at the summer cottage.

Positive emotions included joy, optimism, hope, and satisfaction.
A third of the patients mentioned joy in the interviews and most
patients expressed hope and optimism. They were satisfied with
the professional staff and the stability of the current situation.
The supportive and successful dialysis made them happy.
Keeping their health situation stable was their biggest wish.
Patients also mentioned their willingness to continue their
hobbies.

The patients were satisfied with both their health condition and
the information related to it. Half of them were satisfied with
the treatment. The patients were pleased with the eHealth
solution in use during the study and the HD treatment was
experienced as proceeding smoothly. The nursing staff was
considered friendly and knowledgeable:

I have been very satisfied. They, the care team, have
guided me, and when I have challenged them, they
have accepted challenges and promised to sort things
out. [P37]

Home dialysis has gone surprisingly well—no major
problems. [P34]

At least now, this present moment looks bright. [P13]
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The First Version of the Kidney Disease Experience
Map
The first version of the kidney disease experience map (Figure
5 [1-3,35]) was developed from the perspective of user needs
of eHealth. It includes their needs for everyday life with CKD
(ie, “Common needs”), needs relating to 4 phases of the journey
of patients with CKD, and needs in all journey phases of patient

with CKD from diagnosis to kidney transplant or death. The
patient journey phases, which are inspired by the experience
timeline of cancer experience map [35], are “Diagnosis and
passive treatment,” “Predialysis,” “HD,” and “Preparing for
kidney transplant or death.” In the top corner of our map kidney
disease statistics and patients’ everyday life experiences with
CKD are illustrated.

Figure 5. The first version of the kidney disease experience map from a user needs perspective. A higher resolution image is available in Multimedia
Appendix 6. CKD: chronic kidney disease. KD: kidney disease.

The first version of the kidney disease experience map (Figure
5) includes aspects from all three perspectives [13-15]:

1. Context of use: the context of use perspective can be found
especially in the patient journey phases and the “everyday
life with CKD” part of the map.

2. People: information about people is available in the
“statistics and everyday life with CKD” parts of the map.

3. Technology: technology aspects are mainly covered in the
form of user needs.

Discussion

Principal Findings
On the basis of our study, eHealth as a part of the daily lives of
the patients with CKD was perceived as being useful, but the
patients also had challenges with devices and apps.

Acknowledging that CKD is a long-lasting journey, it is essential
to consider long-term user experiences. Finally, several user
needs in different phases of the journey of patients with CKD
were identified and illustrated with the first version of the kidney
disease experience map.

Answers to Research Questions

Overview
This study had three research questions: (1) what experiences
do patients, particularly older adults, have in their everyday
lives with CKD; (2) what user needs do patients with CKD have
for HD eHealth; and (3) how can these needs be illustrated using
the experience map technique?
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What Experiences Do Patients, Particularly Older
Adults, Have in Their Lives With CKD?

Three key experiences related to daily life of patients with CKD
were identified as depicted in Textbox 2

Textbox 2. Key experiences related to daily life of patients with chronic kidney disease (CKD).

• Patients’ healthy habits: patients with CKD must adapt to the changes in their everyday lives resulting from dialysis care. For example, patients
must learn new routines for their treatment at home. Patients felt that CKD limited their lives, but they dealt with it in different ways: some were
frustrated and others continued to live as normally as possible. However, they understood the necessity of the treatment and continued the treatment
as usual. Similar findings were reported from a study involving cancer patients [35], who expressed concerns with unknown, life-threatening,
and life-changing experiences.

• Patients’ concerns and barriers to use for eHealth: patients had challenges with user interface and technical devices, including dialysis monitors
and research devices of HD eHealth solution (Figure 1), that did not always meet the users’ needs.

• Digital communication: digital communication opportunities via the eHealth solution play an important role for patients. Digital solutions made
information-seeking possible and offered more flexibility when meeting the health care team and other contacts. Information gaps did not
accumulate as easily as for cancer [24].

What User Needs Do Patients With CKD Have for HD
eHealth?
In our study, both general needs and needs related to different
patient journey phases were identified and illustrated in the first
version of the kidney disease experience map (Figure 5). We
found that CKD was different from day to day, and thus the use
context of eHealth varied. Poor usability burdens the everyday
life of a person with disease even more. Similar observations
were reported in the case of digital independent living supporting
systems of older adults [34]: designers were important to
understand the treatment stage, the transition from health to
illness, and statuses between them. Furthermore, the needs and
experiences of patients with cancer were found to vary during
the care process [35].

The HD eHealth solution is targeted to all patients with CKD,
as well as individuals with disabilities, such as low vision or
even amputated limbs. The solution is to be used during the
entire patient journey, which may last for years. Considering
this, the HD eHealth solution is observed to play a remarkable
role in the patient’s life and highlights the need for research on
long-term user experience.

How Can the User Needs Be Illustrated Using the
Experience Map Technique?
Typically, user needs are illustrated with use cases or user needs
tables, and they can be processed further to requirements format
[55]. Findings from user research can also be presented as user
profile illustrations, such as personas [15,34], stakeholder maps
[15], experience maps [34], and visualizations of stakeholders
[34].

In our study, we used the experience map method to illustrate
user needs. As with the cancer experience map [35], we
identified the phases of care and relevant themes for grouping
the findings. We considered the experience map technique
applicable for illustrating not only the phases but also the
eHealth related needs of the patients. We found a group of
general needs, which are common for all phases of care, but
also needs that arise from specific phases of care. Understanding
the care process and how user needs evolve is important for the
designers and also for the health care team, who are responsible
for introducing the services to patients and training them.

Experience maps help to ensure the care continuum in service
development [34].

In this study, the created experience map represents a common
higher-level experience map, which can illustrate a specific
persona, or the timeline could be narrower (ie, 1 month or 1
day). In the first version of the kidney disease experience map,
the HD eHealth solution covers different wearable solutions
and the software (ie, including the wearable solutions and
software connected to the dialysis monitors); however, different
physical dimensions (ie, dialysis monitors, packing materials
of supplies ordered) are not covered.

Experience mapping can be seen as a promising but laborious
method for illustrating user needs and communicating a patient’s
voice holistically to eHealth development, especially in a case
where the experience map is based on extensive qualitative data.
Following the example of cancer experience map [35], we
captured patient’s voices with their quotes. Similarly, we also
focused on reporting patient quotes in the paper instead of the
experience map. Therefore, the first version of the kidney
disease experience map can be used both separately and with
the paper. Our interpretation is that similar to the integrated
patient journey map for hypertensive disorders in pregnancy
[30] and the cancer experience map [35], the kidney disease
experience map can help developers build effective eHealth
solutions and promote empathy and shared understanding
between the developing team members. It can also help
empower patients and help with shared decision-making [33].
Like the patient journey map [24], the first version of the kidney
disease experience map has the potential to help simplify and
optimize processes for better health outcomes. In addition to
that, similar to the cervical dystonia patient journey map [31],
it can help to communicate the different phases of the care to
the patients and help them to understand their needs at each
phase.

Relevance of the Research
In the study, the experience map describing the patient’s
experience was formed based on the qualitative data from
retrospective interviews and preliminary tasks. This first version
of the kidney disease experience map can be used as a basis for
other experience maps related to kidney diseases in the future.
In addition, it can also bring perspective to the experience maps
of other chronic diseases.
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The presented results can be used to support the further
development of HD eHealth. The results have already been used
in HD eHealth solution development project in Finland (eg, to
inform the redesign of the solution user interfaces).

Experience maps, such as the map created in the study, can help
researchers, designers, and developers to empathize with the
patients with chronic illnesses, and to understand their needs
and use contexts for future eHealth innovations. We see our
kidney disease experience map and other similar maps having
the potential to help design the solutions from a more holistic
perspective compared to currently prevailing practices [13,21],
as well as to create a base for the new ecosystems and new ways
to offer health care in the future [21]. We continue the work in
the ongoing research project “Better Health at
Home—Optimized Human-Centered Care of Predialysis and
Home Dialysis Patients” (2022 to 2026).

Evaluation of the Study
Our study had some limitations. First, exploring the context of
use was not allowed at patients’ homes due to COVID-19
restrictions. Therefore, we needed to collect data remotely. This
was partly problematic because the patient’s home is the main
context of using HD eHealth. In contrast, due to the patient
journey preliminary task and participants’open-minded attitude
during the interviews, we were able to gather rich data about
user needs and the context of eHealth use. In our study, the
possible impact of the COVID-19 period was considered.

Our sample size is quite small, however, typical for a qualitative
interview study. The representativeness of our sample can be
questioned as it is divided from a larger patient group based on
age and treatment methods. To find as comprehensive a sample
as possible, while ensuring the safety of the participants with
their ongoing treatment, the health care team helped researchers
in recruiting participants for the research study.

Due to the personal nature of health information and privacy,
we could not release the participants’ background information,
such as specific ages or treatments in this paper. In addition,
the indirect identifiers have been removed from the paper. The
relative satisfaction of the patients in their lives despite CKD
could have been influenced by various factors, besides the HD
eHealth solution. First, the target group in this study included
only active patients with relatively good physical conditions
for research ethics reasons. Second, many of them were waiting
for a kidney transplant, which brought them hope with the
disease. Overall, there was a lot of variation in emotions, but
deep gloom appeared in the data only rarely.

The first version of the kidney disease experience map was
created based on a reasonable amount of qualitative data of the
everyday lives on patients aged ≥60 years in Finland. Before
participating in this study, the patients already knew that the
study covered new eHealth solution testing. Therefore,
perspectives from patients whose condition is very weak and
those whose attitude is not open to new technology are missing
in this study. In contrast, research shows that HD is optimal for
those who live in areas with long distances to travel to an
in-center dialysis unit [6,7]. In part, this can also be seen in the
first version of the kidney disease experience map: the study

did not include patient experiences during the kidney transplant
phase—meaning that the user needs related to this essential
phase of the patient journey are missing from our map. In future,
the introduced version of the kidney disease experience map
can be updated by including motivational issues for HD.

The study was conducted as an integrated part of the patient’s
normal CKD treatment, so the research setup was organized in
line with the patients’ typical daily conditions and treatments.
The study included participants who started using the HD
eHealth solution shortly before the interviews but also those
who had already been using the solution for several months.
Thus, the study covered both novice users and more experienced
users. Patients’ reported technology skills varied from weak to
good.

Further Research
This study provided initial experiences of creating an experience
map to illustrate patients’ needs for eHealth. In addition, the
patients’experiences from the HD eHealth solution development
can offer important perspectives to other development projects
regarding patients with CKD. Further research is needed to
gather more experience about the applicability of the method.
We aim to continue the research with patients with CKD and
HD eHealth designs. We will use the illustrated first version of
the kidney disease experience map and the listed user needs in
further analysis, which will aim to describe design principles
and guidelines for HCD of eHealth for patients using HD and
other patients with chronic illnesses.

The outcome of the first version of the kidney disease experience
map offers insights to the different phases of the patient journey
for patients with kidney disease at the HD care. Due to the
diverse experiences of patients in different phases of the care
process, different types of kidney diseases could also be studied
and visualized with experience maps. In addition, the next
versions of the kidney disease experience maps could focus on
specific days and months. The next versions of the kidney
disease experience maps could also be created from the health
care team’s perspective.

The content of the first version of the kidney disease experience
map was collected with qualitative research methods, which
made the consideration of the many different nuances possible.
Due to the qualitative nature of the data collection for the first
version of the kidney disease experience map, we did not
prioritize the available content, for example, based on the
amount of the post-it notes. However, without careful
prioritization, there is always a risk that the map is too
challenging to use as a part of the practical software
development work. Therefore, we will involve the patients, as
well as the health care team, designers, and software developers,
in prioritizing the content of the map in the future.

The perspectives of patients using in-center dialysis are missing
from that data, which was the base of the first version of the
kidney disease experience map. However, we believe the
creation of experience maps for the eHealth needs of patients
using in-center dialysis is important for the future as the dialysis
modalities might change depending on the patient’s health and
life situation.
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Our study pointed out the need for further research on the
existentialism perspectives of the patients with chronic illnesses
using eHealth. Deeper understanding is required on user needs
and the role of eHealth as a part of patients’ everyday lives,
even when life is nearing its end [50-52].

Conclusions
eHealth offers possibilities to support the key needs of patients
with chronic diseases, such as CKD; however, digital services
need to adapt to a wide variety of situations and user needs
because kidney diseases are unique to each patient. Patient
experiences vary both between and within the stages of
treatment. In addition, the patient’s situation, needs, and capacity
to use eHealth vary with everyday challenges and opportunities.
Furthermore, with older adult patients, the problems that come

with age increase the spectrum of barriers to use eHealth and
associated challenges.

eHealth should enable proactive communication between the
patient and the health care team. Furthermore, awareness of the
status should be formed for both parties in real time, as much
as possible. In this way, the patients feel safe, are more
motivated in their treatment, and take responsibility for
themselves.

The experience map is a promising method for illustrating user
needs for eHealth, communicating a patient’s voice and
describing the longitudinal patient journey to support eHealth
development. Our first version of the kidney disease experience
map combines people, context of use, and technology
perspectives holistically and illustrates the eHealth needs of
patients with CKD for the future.

 

Acknowledgments
The project eHealth in Home Dialysis was part of the CleverHealth Network ecosystem and the project (eCare for Me Homedialysis)
was funded by participating companies, the Hospital District of Helsinki and Uusimaa, and Business Finland. We thank our
project partners Tiina Puurtinen and Pirgit Silvast-Äikäs from Helsinki University Hospital and Malin Ekholm from Helsinki
University, and the patients who participated in this study.

Data Availability
The datasets generated or analyzed during this study are not publicly available due to the ethical reasons as stated in the research
permit application.

Authors' Contributions
The study was conceptualized by PV, SL, SH, NK, VR, and JV. Data were collected by five researchers (PV, SH, SL, NK, and
JV). PV, SL, and SH were involved in the methodology, investigation, project administration, data curation, visualizations, and
formal analysis of the study. PV finalized the experience map. JV contributed to the resources, validation, supervision, project
administration, and funding acquisition of the study. VR contributed to funding acquisition, project administration, resource
collection, supervision, and results’ validation. All authors were involved in writing, reviewing, and editing the manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Theme analysis: themes from the second phase of the analysis. CKD: chronic kidney disease.
[PDF File (Adobe PDF File), 82 KB - humanfactors_v12i1e48221_app1.pdf ]

Multimedia Appendix 2
Main themes of the comprehensive affinity diagram (n=287). Some post-it notes included content for many themes.
[PDF File (Adobe PDF File), 106 KB - humanfactors_v12i1e48221_app2.pdf ]

Multimedia Appendix 3
Healthy habits and hobbies, and their frequency (n=105, 18 participants).
[PDF File (Adobe PDF File), 83 KB - humanfactors_v12i1e48221_app3.pdf ]

Multimedia Appendix 4
Barriers to eHealth use (n=288, 18 participants).
[PDF File (Adobe PDF File), 104 KB - humanfactors_v12i1e48221_app4.pdf ]

Multimedia Appendix 5
Aspects of everyday life with chronic kidney disease, N=18 (aspects N>3 are excluded from the table)
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[PDF File (Adobe PDF File), 134 KB - humanfactors_v12i1e48221_app5.pdf ]

Multimedia Appendix 6
The first version of the kidney disease experience map from a user needs perspective. KD: kidney disease. CKD: chronic kidney
disease.
[PNG File , 479 KB - humanfactors_v12i1e48221_app6.png ]
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Abstract

Background: Telehealth has grown, especially during the COVID-19 pandemic, improving access for those in remote or
underserved areas. However, its implementation faces technological, practical, and interpersonal barriers.

Objective: The aim of this study was to identify and consolidate best practices for telehealth delivery, specifically for video
call sessions, by synthesizing the insights of health care professionals across various disciplines.

Methods: We first identified 15 common telehealth barriers from a preceding scoping review. Subsequently, a modified Delphi
method was used, involving 9 health care professionals (physiotherapists, speech and language therapists, dietitians, and midwife)
with telehealth experience in qualitative interviews and 2 iterative rounds of web-based surveys to form consensus.

Results: This study addressed 15 telehealth barriers and identified 105 best practices. Among these, 20 are technology-related
and 85 concern health care practices. Emphasis was placed on setting up telehealth environments, ensuring safety, building
relationships and trust, using nonmanual methods, and enhancing observation and assessment skills. Best practice recommendations
for dealing with patients or caregiver skepticism or lack of telehealth-specific knowledge were developed. Further, approaches
for unstable networks and privacy and IT security issues were identified. Areas with fewer best practices were the lack of technology
skills or technology access, unreliability of hardware and software, increased workload, and a lack of caregiver support.

Conclusions: This guide of best practices serves as an actionable resource for health care providers to navigate the complexities
of telehealth. Despite a small participant sample and the potential for profession-specific biases, the findings provide a foundation
for improving telehealth services and inform future research for its application and education.

(JMIR Hum Factors 2025;12:e64079)   doi:10.2196/64079
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Introduction

Video call–based telehealth refers to the use of information and
communication technologies to deliver health care services
remotely and synchronously, bridging the gap between patients
and health care providers [1]. Over the past few years, telehealth
has seen an increase in adoption due to its potential to improve
access to health care services, particularly for individuals living
in rural or remote areas [2]. The COVID-19 pandemic has
further accelerated this trend, as the need for remote health care
solutions to reduce the risk of infection transmission has become
more urgent [3]. As a result, telehealth has emerged as an
essential part of modern health care delivery, offering new
opportunities and challenges for both patients and health care
providers.

Telehealth has the potential to offer numerous advantages and
benefits for patients, health care providers, and the overall health
care system. Benefits summarized in previous reviews include,
for example, increased access and convenience, cost savings,
improved family involvement, and better management [4].
Increased access refers particularly to individuals living in
remote or underserved areas [2], as well as to those with
mobility limitations or chronic conditions that require frequent
monitoring [5]. Furthermore, telehealth enables patients to
receive care from the comfort of their own homes, reducing the
need for travel and waiting times associated with in-person
appointments and providing a more convenient way of service
provision [6]. By reducing travel costs, decreasing hospital
readmissions, and minimizing the need for in-person
consultations, telehealth might also have the potential to reduce
health care costs for both patients and providers [7,8].

Despite its numerous advantages, telehealth also faces several
challenges and barriers that can hinder its successful
implementation. Recent studies and reviews have highlighted
various obstacles to delivering care via real-time video
consultations. These include technical issues such as unstable
internet connectivity [4,9,10], lack of technology skills among
both patients and providers [4,9,11], and concerns over privacy
and data security [9,12]. Moreover, health care professionals
have reported challenges in establishing rapport and trust with
patients via video call [9,11], and there exists skepticism about
the effectiveness of remote care compared to in-person sessions
[9]. Addressing these barriers is especially critical when
considering the rapid shift to telehealth prompted by the
COVID-19 pandemic, which has underscored the potential
benefits of video consultations but also exposed the need for
clearer guidelines to ensure quality of care [9,13]. Despite
growing evidence on these challenges, the literature lacks a
comprehensive set of actionable best practices to mitigate
barriers associated with video consultations. This study therefore
aims to fill that gap by drawing on multiple health care
disciplines and using a modified Delphi process to achieve
expert consensus on best practices to maximize the potential

benefits of video call–based telehealth for patients, health care
providers, and the overall health care system [14].

Methods

Overview
In this study, we used a modified Delphi method [15] to identify
best practices to overcome common barriers in video call–based
telehealth. The reporting follows the proposed Delphi reporting
guideline by Spranger et al [16].

Research Paradigm
The epistemological positioning of this study is based on a
pragmatic paradigm that recognizes the value of diverse
viewpoints and the importance of practical solutions to
real-world problems. Pragmatism has been identified as relevant
and useful for qualitative research on organizational processes
[17], as well as in patient-oriented research [18]. This approach
also aligns with the goals of the modified Delphi method, which
aims to synthesize expert knowledge into actionable best
practices. It acknowledges the dynamic and iterative nature of
knowledge creation and embraces subjective experiences to
address the complex challenges of telehealth implementation.

Study Design
Our modified Delphi method was characterized by 2 main
adaptations to the traditional Delphi process. First, we used
preliminary expert interviews to gather an initial pool of best
practices. These interviews guided the development of a list of
131 practice statements and 15 barriers, which were then
presented to the expert panel for rating. Second, our survey
structure diverged from a classic Delphi by using (1) a 4-point
Likert scale and (2) an additional response option “This practice
is not relevant for my profession.” This allowed professionals
from various health care disciplines to opt out of rating
statements they found inapplicable. We also set specific
thresholds for acceptance (≥80% agreement after round 1; ≥75%
agreement after round 2) to ensure each item reached a robust
consensus without necessitating a third round. These
modifications provided a more streamlined approach and helped
account for the diverse professional backgrounds of the
participants and time and resource limitations.

Recruitment
We recruited participants via a combination of email invitations,
professional social media groups, and a snowball sampling
strategy. Known telehealth practitioners were first contacted
directly by the research team and then invited to share the
invitation within their professional networks. To ensure broad
representation across allied health professions, we distributed
the study invitation to professional associations and specialized
digital communities. To be eligible, participants had to (1) have
at least 2 years of professional experience in a non-physician
health care field (eg, nursing, dietetics, occupational therapy,
speech-language therapy, physiotherapy, orthoptics, or
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midwifery), (2) have delivered a minimum of 10 video
call–based telehealth sessions in the preceding quarter, and (3)
have excellent German language proficiency. All participants
were given detailed information about the study objectives,
procedures, and time commitments.

Participants
A total of 9 health care professionals (4 physiotherapists (PTs),
3 speech and language therapists (SLTs), 1 dietitian, and 1
midwife) were purposively recruited based on their experience
with telehealth. All participants were licensed and currently
practicing health care professionals with at least 2 years of
experience in their field. They each had conducted a minimum
of 10 video-based telehealth sessions in the preceding quarter
and practiced in an area where telehealth is applicable. Their
professional experience ranged from 2 to 32 years, and
encompassed diverse health care settings such as
neurorehabilitation, musculoskeletal care, adults, and pediatric
care, bariatric medicine, mixed practice settings, respiratory
therapy, independent midwifery, and pelvic health. In total, 4
panelists were female and 5 were male.

Interviews
The expert interviews were conducted using Zoom
videoconferencing software (Zoom Video Communications) in
September 2022. Specifically, 4 interview sessions took place:
3 small-group focus groups and 1 individual interview. Focus
group 1 included 2 PTs and lasted 1 hour 34 minutes; focus
group 2 included 2 SLTs and lasted 1 hour 3 minutes; and focus
group 3 included 2 PTs, 1 SLT, and 1 dietitian, lasting 1 hour
and 32 minutes. The one-on-one interview was conducted with
a midwife and lasted 29 minutes. We used a semistructured
interview guide to help focus the discussions, which was based
on commonly reported barriers with video call–based telehealth,
found in the existing research for these health care fields
(Multimedia Appendix 1). All interviews were conducted by
the lead author (LR), who is experienced in qualitative research
methods and trained in facilitating interviews and focus groups.

The barriers discussed during the expert interviews were
identified through a preceding scoping review [9]: Lack of
technology access, unstable internet connections, lack of privacy
& IT security, lack of technology skills, unreliability of hardware
and software, reluctance of patients or caregivers to use
telehealth, decreased establishment of relationships and trust,
decreased validity of observations and assessments, lack of
hands-on methods, decreased quality and effectiveness, lack of
telehealth training, increased workload, lack of support for
patients from caregivers, increased safety risks for patients, and
unsuitability of setting for telehealth. Experts were asked to
provide insights and best practices for addressing these barriers,
based on their experience.

Each interview was transcribed verbatim by the lead author
(LR) with support from an automated transcription software.
After automated transcription, LR reviewed the transcripts to
ensure accuracy and fidelity to the original recordings. The final
transcripts were analyzed using qualitative content analysis,
following the framework proposed by Kuckartz and Rädiker
[19]. The first author (LR) conducted the initial deductive coding

by extracting passages that contained strategies for overcoming
telehealth barriers. These excerpts were then assigned to the
corresponding barriers. For each identified strategy, the main
characteristics and essential elements were extracted to form a
clear and actionable statement. To enhance the reliability of the
coding, the research team engaged in multiple team rounds to
discuss the initial findings. During these sessions, the team
identified similarities across different strategies, combined
overlapping or related strategies to reduce redundancy, and
formulated precise statements that accurately captured the
essence of each strategy. Through iterative discussions, codes
were refined and adjusted to better represent the data, thereby
enhancing the credibility of the findings.

Ethical Considerations
Prior to participation, all individuals provided informed consent,
thereby ensuring ethical compliance and voluntary engagement
in the study. The ethics committee confirmed the adherence to
ethical principles, and an ethical approval was not required as
the study involved only expert consultations without collecting
or processing sensitive patient data. All participants gave
informed consent, and data collection did not involve patient
data. The Ethics Committee for Research Activities of FH
Campus Wien, University of Applied Sciences, confirmed that
no formal approval was needed for this study (EK 243/2025).
The participants did not receive any financial compensation.

Delphi Rounds
Following the qualitative interviews, we conducted Delphi
rounds to achieve expert consensus on best practices for video
call–based telehealth. The Delphi process was carried out in 2
rounds. Round 1 was initiated at the beginning of November
2022 and remained open for 2 weeks. During this round,
panelists received a web-based survey containing a demographic
data section, including name and profession, and 15 sections
on barriers and corresponding strategies. Round 2 was conducted
at the end of November and beginning of December 2022, also
open for 2 weeks. In this round, panelists were presented with
a survey of 11 sections with the remaining best practices that
were lacking consensus.

Barriers
Barriers were rated for their perceived magnitude (1=very small
barrier, 2=rather small barrier, 3=rather big barrier, 4=very big
barrier) in round 1. Frequency distributions were calculated to
determine the perceived magnitude of each barrier among
panelists. These results serve to contextualize the forthcoming
best practice recommendations.

Analysis of Best Practices
Best practices, on the other hand, were rated for their perceived
helpfulness (1=not helpful, 2=rather not helpful, 3=rather
helpful, 4=very helpful). In recognition of the diverse
professional backgrounds of the panelists, the survey items
included an additional response option: “This practice is not
relevant for my profession.” Additionally, the survey invited
the panelists to contribute further comments and propose new
best practices not previously covered, thereby contributing to
a more comprehensive dataset.
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Response percentages were calculated, and the perceived
helpfulness of each practice was quantified using frequency
distributions for each response category. Following the first
survey round, any practice that received a “helpful” or “very
helpful” rating from ≥80% of participants and elicited no
comments was automatically included in the final guide.
Practices with ratings between 50% and 79% or those that
received substantive comments moved on to the second round
for reevaluation. Regarding practices rated “helpful” or “very
helpful” by <50% of participants, we weighed the risk of
prematurely discarding potentially relevant items against the
need to maintain focus on practices demonstrating at least a
minimal level of acceptance by the panel. After careful
consideration, the study team decided to exclude these practices
immediately following round 1, rather than carrying them
forward. However, participants were given opportunities to
propose modifications or new practices at the end of each round,
ensuring that any critical practice could be reintroduced or
reframed if panelists believed it had merit. The research team
discussed all received comments and considered if any
rephrasing based on the comments should be made. In case the
comments led to a rephrasing of a best practice, both the original
and revised versions were presented in the second round for
further evaluation. During this round, panelists were provided
with the remaining best practices along with the percentage of
previous agreement and anonymized comments for each best
practice in December 2022. Participants were offered 2 response
options: “This practice should be included in the best practice
guide” or “This practice should not be included in the best
practice guide.” When 2 variations of a practice were presented,
panelists could select their preferred version or “none of both.”
Practices that carried over from round 1 required at least 75%

agreement among participants to be included in the final best
practice guide [20]. This slightly lower threshold accounted for
the fact that these practices already showed moderate support
or warranted further discussion due to comments. In case 2
versions of a best practice existed, the version receiving the
higher preference was selected.

Results

Barriers and Best Practices
The qualitative content analysis on the expert interviews yielded
a total of 422 coded text segments. From this process, an initial
set of 131 practices was developed. The association of the
practices with the discussed barriers can be found in Table 1,
and the perceived importance of the 15 presented barriers is
shown in Figure 1.

In the first Delphi round, 108 practices exceeded the 80%
approval threshold for perceived helpfulness; 83 of these
practices had no comments and were therefore included directly.
In total, 48 practices met the criteria to proceed to the second
round: 23 practices rated as “very helpful” or “helpful” by
50%-79% of the experts; 18 without changes but with comments
from the first round; and 7 practices with alternative revision
based on comments. One entirely new strategy was introduced
(Figure 2). Upon completion of the second round, the final best
practice guide emerged with 105 practices, covering practices
addressing 5 technology barriers and 10 practical barriers (Table
2 and Textbox 1).

In total, we identified 105 best practices addressing 15 telehealth
barriers, with 20 aimed at technology challenges and 85 focused
on practice issues.

Table 1. Demographic characteristics of the panelists.

Professional experienceYears of professional experienceProfessionGenderPanelist number

Orthopedics, traumatology, neurolrehabilitation15PhysiotherapistMale1

Orthopedics, musculoskeletal, training3PhysiotherapistMale2

Swallowing disorders, functional voice disorders20Speech and language therapistFemale3

Childhood speech development disorders2Speech and language therapistFemale4

Orthopedics, respiratory therapy32PhysiotherapistMale5

Bariatrics4DietitianFemale6

General speech therapy, respiratory therapy2.5Speech therapistMale7

Pelvic floor therapy20PhysiotherapistFemale8

Birth preparation, support, and aftercare28MidwifeFemale9
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Figure 1. Panelists’ (n=9) perceived magnitude of the 15 barriers presented (bars represent absolute frequencies).
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Figure 2. Flowchart of the Delphi process.
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Table 2. Number of best practices for each presented barrier.

Final number of
practices

Number of practices includ-
ed after round 2

Number of practices, in-
cluded after round 1

Number of practices after
expert interviews

Barrier

Technology barriers

6339Unstable network connections

2114Unreliability of hardware and software

4226Lack of technology skills

5327Lack of privacy and IT security

3303Lack of technology access

Health care practice barriers

6068Lack of professional’s telehealth knowl-
edge and training

102813Decreased validity of observations and
assessments

1013Lack of support from caregivers

103711Lack of hands-on

7258Reluctance of patients or caregivers to
use telehealth

101911Decreased establishment of relationship
and trust

101910Decreased quality and effectiveness

1111013Increased safety risks for patients

1801821Unsuitability of setting for telehealth

2024Increased workload

1052283131Sum total
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Textbox 1. Best practice guide for barriers to telehealth via video call.

Best practices to address technology barriers

A. Unstable network connections

1. Every participant should choose a location with a stable network connection for video call sessions. This should be communicated to the clients
in advance.

2. Other devices, persons, or activities should not use the same network connection during the video call session.

3. In case of an unstable network connection, the device may be exchanged.

4. In case of an unstable network connection, switching off the camera for a short time could help.

5. In case of network disconnection, the client should be informed about further steps by telephone (full agreement from all participants).

6. In case of audio transmission problems, an additional phone connection can be used.

B. Unreliability of hardware and software

1. The video call software used should be installed and tested in a timely manner by all participants before the start of the session.

2. If clients experience technical issues, possible solutions can be discussed and solved directly during the video call session or via telephone (full
agreement from all participants).

C. Lack of technology skills

1. Health care professionals should gain digital literacy skills in using different devices and video call software, as this can help in solving common
technical problems encountered by patients (full agreement from all participants).

2. For technically non-proficient individuals, user-friendly video call software should be selected. Getting started via a direct link without prior
installation should be favored (full agreement from all participants).

3. Telephone support can help inexperienced individuals get started with video call software (full agreement from all participants).

4. As required, the operation of the video call software can be supported at the beginning or ongoing by relatives or other persons on site.

D. Lack of privacy & IT security

1. Software used should ensure encrypted data transmission (full agreement from all participants).

2. One's own decisions regarding the handling of client data should be made and communicated in accordance with current data protection laws.

3. Written consent from clients should be obtained in advance.

4. When using video call software, access should only be possible for invited individuals (full agreement from all participants).

5. If software has not been recommended by a certification body for use in health care, it should be reviewed concerning its data processing.

E. Lack of technology access

1. Providing a checklist of minimum technical requirements for video call sessions can optimize conditions in advance.

2. Availability of equipment should be confirmed prior to the beginning of the session.

3. For sessions that focus on visual demonstration or perception, it is recommended to use a device with a large, high image quality screen.

F. Lack of telehealth knowledge and training

1. Watching video call software tutorials can provide information on available functions and give confidence in handling.

2. Learning by doing can help to gain confidence in conducting video call sessions.

3. A test run with individuals from the private environment can provide confidence in using the technology (full agreement from all participants).

4. Materials for use in video call sessions can be researched on the internet (full agreement from all participants).

5. Reading current articles on the topic of telehealth can increase knowledge (full agreement from all participants).

6. Exchanging experiences with colleagues about the use of video units can expand one's own repertoire (full agreement from all participants).

G. Decreased validity of observations and assessments

1. Important assessments should be conducted in a supplementary face-to-face unit if specific information cannot be gathered via a video call
session.

2. Clients should be informed that their clothing of choice should allow detailed observations of the body (full agreement from all participants).

3. Cameras should be positioned in a way that enables a stable image (full agreement from all participants).
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Detailed and guided instructions on how to position the body or involved body parts in front of the camera should be given to ensure high-quality
observations (full agreement from all participants).

4.

5. The background should provide visual reference points for guiding and observing movements.

6. The observation quality of details can be improved by moving the corresponding body section closer to the camera (full agreement from all
participants).

7. The observation quality of details can be improved with targeted lighting (full agreement from all participants).

8. Assessments can be adapted with the help of using objects in the client´s room during video call sessions (full agreement from all participants).

9. Increased attention should be given to small nonverbal signals of the clients.

10. Involving self-observation and self-perception of clients can supplement limited on-screen observation possibilities (full agreement from all
participants).

H. Lack of support from caregivers

1. Ensuring that a support person is within reach can help to run a video call session smoothly (full agreement from all participants).

I. Lack of hands-on

1. Education about functional deficits and how to deal with them in everyday life should be emphasized in video call sessions.

2. Training self-awareness and empowering clients in their self-efficacy can be part of video call sessions to achieve lasting effects (full agreement
from all participants).

3. Proven effectiveness of therapy interventions aiming at lifestyle modifications should be explained to clients (full agreement from all participants).

4. Exercises that can be performed by the clients independently should be selected (full agreement from all participants).

5. Exercises should be guided verbally in such a manner that they can be understood even if visual guidance is limited (full agreement from all
participants).

6. In advance, material needed for the video call session should be communicated to the clients or relatives, and it should be prepared in a timely
manner (full agreement from all participants).

7. Selected self-treatments can be taught to clients during the video call session (full agreement from all participants).

8. Clients should be given specific advice for performing self-control of guided exercises (full agreement from all participants).

9. Clients' self-awareness can be promoted by feeling movements or structures with their own hands, wherein possible misinterpretations should
be considered.

10. Material required for a video call session should be communicated in advance with clear information, for example, on size, quantity, and weight.

J. Patients or caregivers scepsis or reluctance

1. Clients can be offered a combination of presence and video call sessions (full agreement from all participants).

2. It can be explained to skeptical clients that some therapy content is suitable for video call sessions, others not (full agreement from all participants).

3. Demonstrating video call software and discussing a possible video call session can reduce insecurities and help with decision-making.

4. A single video call session for familiarization can be offered to skeptical clients, followed by a discussion about the experience and further
procedure.

5. After a few face-to-face sessions, video call sessions can be suggested again.

6. Involving relatives or the social environment can be facilitated with video call sessions.

7. The reduction of travel and increase in time flexibility can be used as an argument for using video call sessions.

K. Decreased establishment of relationship and trust

1. Authenticity and professionalism can be conveyed through conscious design choices and insight into the premises in the background (full
agreement from all participants).

2. Optimally adjusted lighting of one's face can create a friendly atmosphere and convey mimic information well (full agreement from all participants).

3. A well-adjusted camera angle and optimal positioning in front of the screen support communication on an equal footing (full agreement from all
participants).

4. Facial expressions and gestures during a video call session should be used consciously (full agreement from all participants).

5. Since real eye contact is not possible via the screen, this can be imitated by consciously looking into the camera.

6. Maintaining one's own appearance can promote authenticity in front of the camera (full agreement from all participants).

7. Conscious choice of clothing supports the professional appearance.
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Seeing one's own camera image can be used as feedback about one’s own appearance (full agreement from all participants).8.

9. Framing a video call session with introductory words and a deliberate end can provide orientation (full agreement from all participants).

10. Spontaneous playful elements and humor can loosen up video call sessions and promote the relationship (full agreement from all participants).

L. Decreased quality and effectiveness

1. Clients who can benefit from video call sessions should be selected purposefully (full agreement from all participants).

2. The limitations of video call sessions for certain medical conditions should be clearly communicated to clients (full agreement from all participants).

3. The use of video call sessions should be evaluated regularly and adjusted if necessary.

4. Strategies to ensure whether elements learned in the session can be implemented independently should be used.

5. Video call sessions can be used to maintain a regular appointment frequency (full agreement from all participants).

6. By collecting relevant health parameters at the beginning and the end of the session, the effectiveness of treatment interventions can be evaluated.

7. At the beginning of a video call session, expectations should be gathered. At the end they should be compared with the session's content and
success.

8. The role of relatives in the treatment process can be strengthened through targeted counseling during video call sessions.

9. By setting a clear focus and sequence for the video call session and individualizing the duration, one’s ability to focus can be considered (full
agreement from all participants).

10. The video call session should take place during a time of the day when clients have a good ability to focus (full agreement from all participants).

M. Increased safety risks for patients

1. Clear exclusion and termination criteria for video call sessions for clients with safety-critical characteristics should be established and adhered
to (full agreement from all participants).

2. Competent relatives can increase clients’ safety.

3. For video call sessions with children, a legal guardian should be present at the child's side (full agreement from all participants).

4. Clients or family members should be educated about making the environment as safe as possible to reduce potential hazards such as tripping,
falling, or slipping (full agreement from all participants).

5. Client’s pets that may interfere with free movement in the room should be kept out of the client's room during video call sessions.

6. Exercises instructed via video call sessions should be chosen according to clients' abilities (full agreement from all participants).

7. Video call sessions should not include unfamiliar exercises that may jeopardize client safety.

8. Exercise difficulty should be increased only step by step, adapted to the client (full agreement from all participants).

9. In case of uncertainties regarding perceived health parameters, referral to specialists should be made (full agreement from all participants).

10. In psychologically tense situations, one’s own voice can serve as an instrument for calming down (full agreement from all participants).

11. The daytime of the video call session, and therefore a potentially limited suitability of certain measures, should be taken into consideration.

N. Unsuitability of setting for telehealth

1. A quiet room without distractions should be chosen for video call sessions (full agreement from all participants).

2. Background noise from people, pets, or household equipment should be reduced (full agreement from all participants).

3. For video call sessions, a room with good sound quality and reduced hall should be chosen (full agreement from all participants).

4. The speaker used should be tuned sufficiently loud (full agreement from all participants).

5. Balanced lighting conditions allowing good contrasts should be selected (full agreement from all participants).

6. Devices should be positioned stable to not produce blurry images (full agreement from all participants).

7. If a tablet or smartphone is used, it should be positioned at a 90-degree angle to the surface with a suitable mount (full agreement from all
participants).

8. Clients should be guided in the optimal camera setup and positioning in front of it (full agreement from all participants).

9. The camera section should be chosen so that only things that one is willing to share are visible in the background (full agreement from all
participants).

10. Other people in the household or work premises should be informed that a video call session is taking place to ensure privacy (full agreement
from all participants).

11.
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It should be discussed with the clients in which area of their premises the video session will take place in order to avoid the concern of giving
insight into things they want to keep private (full agreement from all participants).

12. Windows and doors should be closed.

13. High-quality microphones and headphones can improve acoustic transmission.

14. Advice should be given on how to use built-in or external microphones to ensure good transmission and avoid noise interference.

15. Doors in the camera's field of view should be avoided to prevent unwanted privacy intrusion.

16. A dedicated therapy location—for example, at a table—can promote attention and concentration.

17. Marking one or more places where the camera is well positioned facilitates a sustainably working set-up.

18. If the video call session involves movement across the room, a flexible camera setup for rapid changes should be facilitated.

O. Increased workload

1. Using quick-to-use treatment or exercise methods that require little pre-planning and explanation can reduce preparation time.

2. By combining preparation time for several video units, one's own working time can be used efficiently.

Best Practices to Address Technology Barriers
In total, 20 best practices were selected by the participants to
address the barriers of unstable network connections,
unreliability of hardware and software, lack of technology skills,
lack of privacy and IT security, and lack of technology access
(A-E in Textbox 1). For optimal video call sessions, each
participant should ensure a stable network connection, free from
other devices and activities that might compete for bandwidth.
When issues such as an unstable connection arise, switching
devices, temporarily turning off the camera, or making a phone
call can provide continuity and effective communication.
Participants should install and test the video call software well
before the session, with technical issues being addressed directly
during the call or via telephone if necessary. Health care
professionals should develop digital literacy for various devices
and software to assist patients with technical issues. For less
tech-savvy individuals, user-friendly software with direct links,
telephone support, as well as on-site help from relatives, can
facilitate the use of video call applications. To ensure data
privacy and security, video call software must encrypt data
transmission and comply with data protection laws. Informed
consent should be obtained from users, and access should be
restricted to invited participants. If software has not been
recommended by a certification body for use in health care, it
should be reviewed concerning its data processing. To optimize
video call sessions, a checklist of technical requirements should
be provided, and equipment availability should be confirmed
beforehand. For visually intensive sessions, a high-quality large
screen is recommended.

Best Practices to Address Health Care Practice
Barriers
Overall, 85 best practices addressed practice issues such as lack
of telehealth knowledge and training, decreased validity of
observations and assessments, lack of support from caregivers,
lack of hands-on, patients or caregivers scepsis or reluctance,
decreased establishment of relationship and trust, decreased
quality and effectiveness, increased safety risks for patients,
unsuitability of setting for telehealth, and increased workload
(F-O in Textbox 1).

Reviewing current telehealth publications and internet resources
to search for material to use in telehealth sessions, as well as
watching software tutorials, can enhance proficiency and
confidence in conducting video call sessions, complemented
by practical experience and sharing knowledge with colleagues.

For comprehensive assessments in telehealth, certain procedures
may need to be supplemented with in-person visits. Clients
should be guided on how to prepare for video sessions with
appropriate clothing, camera positioning, lighting, and
background setup to enhance the quality of observations.
Additionally, using objects for adapted assessments, paying
attention to subtle nonverbal cues, and involving clients in
self-observation can maximize the efficacy of remote
evaluations. Having a support person readily available can
facilitate a smooth video call session.

In video call sessions, educating clients on functional deficits
and self-management in daily life is crucial, with a focus on
training self-awareness and self-efficacy for sustainable
outcomes. For effective video call sessions, exercises that clients
can perform independently should be chosen, and clear verbal
guidance for exercises with limited visual cues should be given.
This can be added with the training of self-treatments, advice
for self-control during exercises, and the promotion of clients'
self-awareness through tactile experiences while addressing
potential misinterpretations. Clear communication and
preparation of materials is necessary.

To address skepticism, clients can be offered a blend of
in-person and video call sessions, emphasizing the suitability
of certain therapy contents for remote delivery, with
demonstrations and trial sessions helping to alleviate skepticism
and showcasing the convenience and flexibility that video calls
offer. To convey professionalism and authenticity in video calls,
one should make deliberate design and setting choices, ensure
optimal lighting for a friendly atmosphere, and use a camera
angle that supports equitable communication. Conscious use of
facial expressions, gestures, and clothing, along with looking
into the camera to simulate eye contact, enhances authenticity.
Additionally, framing the session with a clear beginning and
end, along with the use of humor, can improve the interaction.
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Purposeful selection of clients for video call sessions is essential,
with transparent communication regarding their limitations for
certain conditions. Regular evaluations should be conducted to
assess effectiveness and determine if expectations are being
met. Strategies to ensure whether elements learned in the session
can be implemented independently should be used. Sessions
should be structured in a way that they have a clear focus and
sequence, an appropriate duration, and are scheduled for when
the client's focus can optimize the session. Incorporating
relatives into the treatment process via video call sessions can
provide targeted counseling. Establishing clear criteria for
excluding or terminating video call sessions is vital for clients
with safety-critical concerns. Competent relatives can enhance
safety. Guardian presence for children, safety education, and
gradual exercise progression can ensure the clients’ well-being
during remote sessions.

For effective video call sessions, it is essential to choose a quiet
room with as little background noise as possible, ensuring good
sound quality and balanced lighting. Proper camera setup,
privacy considerations, and guidance on microphone use
enhance the session quality. Additionally, creating a dedicated
therapy location and facilitating flexible camera setups can
improve the overall experience and engagement during sessions.
Efficient use of time in video sessions can be achieved by opting
for quick and easy treatment methods and combining
preparations for multiple video units.

Discussion

Principal Findings
The findings from this study, which encompassed expert
interviews and a modified Delphi process, provide a best
practice guideline for telehealth in health care. The key results
underscore the importance of addressing the challenges of
technology accessibility, enhancing observations and
assessments, creating a professional setup, building relationships
and trust, and ensuring privacy and IT security. Although the
majority of the panelists were PTs and SLTs, their combined
professional experiences—spanning areas such as
neurorehabilitation and pediatric care—have facilitated a
comprehensive exploration of these practices across various
health care settings, thereby complementing the aims and
findings of previous studies and guidelines [21-25].

The best practice guideline offers a starting point towards a
unified guide to improve telehealth across various health care
settings. Prior publications have established telehealth
frameworks in disciplines such as occupational therapy,
physiotherapy, and speech and language therapy [21-24], which
partially align with our findings. A high level of agreement is
seen in these existing frameworks, particularly regarding
fundamental principles of telehealth delivery. However, there
remain clear gaps in the current literature on how to manage
these barriers through concise best practice statements [24].
Grogan-Johnson [25] discusses the challenges of maintaining
engagement in virtual settings but provides limited guidance
on how to address this. Our best practice guide suggests
trust-building strategies, such as non-verbal communication
enhancements, environmental adjustments, and interactive

session structuring. Davies et al [13] outline the importance of
technological proficiency for PTs but do not provide detailed
practices for managing unstable networks or unreliable
hardware, where our study adds explicit recommendations for
overcoming technological challenges, including strategies for
low-bandwidth settings, selecting robust hardware, and
providing patient education on basic troubleshooting. Other
studies limit their focus to specific populations or pathologies
[22,25]. Cottrell and Russell [22], for instance, provide an
in-depth analysis of pre-implementation considerations and
practical steps specifically within the domain of musculoskeletal
physiotherapy. Their work examines technological and
operational challenges, offering targeted strategies to enhance
the successful deployment of telehealth services. Other
guidelines have delineated key technical principles health care
professionals are expected to follow to ensure a smooth and
secure telehealth experience [26,27], focusing on adherence to
laws and regulations and the implementation of privacy and
security measures. Our study extends these principles by
proposing practical, applicable strategies and emphasizes
dual-focused education, targeting both health care providers
and patients. It includes specific methods to address skepticism
and enhance digital literacy, particularly for populations
unfamiliar with telehealth.

Notably, our research revealed a strong consensus on the
effectiveness of specific strategies across health care settings,
such as providing detailed technical guidelines, enhancing visual
and audio components of telehealth sessions, and incorporating
elements that foster a sense of connection and trust between
health care providers and clients. These findings offer new
insights into the practical implementation and adaptation of
telehealth services in diverse health care contexts.

In examining the distribution of best practices identified to
address various barriers, we found notable differences.
“Unsuitability of setting for telehealth” yielded the largest set
of best practices despite being rated as a relatively small barrier.
This contrast likely arose because many aspects of the setting
(eg, lighting, device positioning, noise reduction) are easily
modified by health care professionals. These direct,
practitioner-driven solutions help frame the barrier as “small,”
in that it can be quickly addressed through practical steps. In
other words, the perception of a barrier’s magnitude may reflect
how empowered providers feel to remedy it: settings are simpler
to adjust, whereas more systemic issues (eg, workload, limited
technology access) require external interventions and may thus
seem more significant.

Additionally, a significant collection of best practices has been
identified to address practical implementation barriers such as
“increased safety risks for patients,” “decreased validity of
observations and assessments,” “lack of hands-on,” “decreased
establishment of relationship and trust,” and “decreased quality
and effectiveness.” These best practices provide pragmatic
strategies to navigate the range of challenges presented by
telehealth, ensuring a higher standard of patient care and
treatment integrity. On the other side, there were barriers that
received fewer best practices to address them, such as “lack of
support from caregivers” and “increased workload,” both at the
lower end, with 1 and 2 identified best practices. These issues
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likely require organizational or systemic changes that are beyond
the immediate control of the individual practitioner. Similarly,
“lack of technology access” and “unreliability of hardware and
software” are countered by only 3 best practices each, possibly
indicating a gap between the technological requirements of
telehealth and the ability of health professionals to influence
these parameters.

Reflections on the Delphi Method
Our modified Delphi approach relied on 2 rounds, underpinned
by preliminary interviews that generated a well-defined set of
barriers and best practices. This groundwork contributed to a
high level of initial consensus—83 of 108 items achieved ≥80%
agreement in round 1. While we acknowledge that time
constraints and difficulty finding sufficient participants limited
the scope of our panel (n=9), each participant brought substantial
experience: all met strict inclusion criteria (eg, minimum 2
years’ professional practice, at least 10 video-based telehealth
sessions in the previous quarter), ensuring specialized and recent
expertise.

We employed a 2-threshold system: items achieving ≥80%
agreement in round 1 were immediately included, while items
carried forward required ≥75% agreement in round 2. This tiered
approach balanced efficiency and adaptability by refining
practices with moderate support without burdening participants
with repeated rounds. Items garnering <50% agreement were
excluded after round 1, given their limited traction; however,
participants could introduce revisions or propose new items if
they felt critical information was overlooked. Although this
may appear stringent, it enabled us to produce a focused,
consensus-driven guide for reducing barriers to video call–based
telehealth within the time and resource constraints of our project.

While our study does not claim to capture every possible facet
of telehealth across all health care contexts, the methodology
employed aligned with recommended standards.

Limitations
This study still has several limitations that need to be
acknowledged. First, the sample size was small, consisting of
only 9 eligible experts in specific health professions. Our
participant sample was relatively small, yet it was purposefully
recruited to encompass diverse professional backgrounds and
extensive telehealth experience. This approach generated a
robust consensus on best practices for video call–based
telehealth. Future studies with larger or more varied panels
could further enhance and validate the findings, but our current
methods provide a strong foundation for ongoing research and
practical implementation. Second, the heterogeneity of the
participants' professions may be both an advantage and a
disadvantage. On the one hand, it allowed for a broader range
of perspectives and strategies to be considered than if we would
have focused on only one profession. On the other hand, it could
also have resulted in the exclusion of profession-specific
strategies that may be essential for a successful telehealth
implementation, which could be studied in the future. Each
profession uses telehealth differently based on their specific
clinical needs and methods. For instance, PTs may focus more
on movement assessments and exercise guidance, whereas SLTs

might emphasize communication techniques and auditory
assessments. This variation means that certain best practices
identified may be more applicable to some professions than
others, potentially limiting the universal applicability of the
recommendations. The small number of distinct professions
included in the study may have resulted in the exclusion of
specialized best practices pertinent to each field. Essential
strategies unique to specific clinical scenarios or patient
interactions within each profession might not have been fully
captured or emphasized, thereby affecting the
comprehensiveness of the best practice guide for individual
disciplines.

Moreover, the findings reflect the current state and must be
interpreted as such. They likely are subject to change due to the
continuous evolution of professional expertise in health care
and ongoing technological advancements that are likely to shape
the future landscape of telehealth. Furthermore, this study relied
on self-reported data from the experts. While this method is
commonly used in qualitative research, it is important to
acknowledge that the data collected may be subject to bias or
limitations in recall. Another important consideration is the
length of the final best practice list. Although it represents a
comprehensive set of potential solutions, its sheer number may
pose challenges for day-to-day clinical application.

Implication of Findings
The study’s findings offer valuable insights for various
stakeholders within the telehealth ecosystem, promoting
enhanced effectiveness, accessibility, and sustainability of video
call–based telehealth services. The best practices serve as a
practical guide for clinicians to optimize telehealth delivery.
Implementing these strategies can improve care quality,
strengthen patient-provider relationships, and increase patient
satisfaction while reducing operational burdens through
streamlined session management and technical troubleshooting.
Using enhanced privacy measures and user-friendly technologies
ensures a secure and confident telehealth experience for patients,
particularly those in remote or underserved areas. Insights from
this study can also inform the development of regulations and
standards that promote equitable telehealth access. By
addressing practical barriers and supporting measures such as
technology funding and training programs, policy makers can
facilitate the broader adoption and integration of telehealth into
standard health care practices. Finally, incorporating these best
practices into health care curricula ensures that future
practitioners are equipped with the necessary digital literacy
and remote communication skills. Training programs can
emphasize technical competencies and patient engagement
strategies specific to telehealth, preparing health care workers
for modern care delivery.

Further Research
While this Delphi study provided insights into potential
solutions, it would be beneficial to evaluate the impact of these
strategies on the successful implementation of telehealth in
different real-world settings by exploratory and confirmatory
studies. For example, while this study focused on barriers and
solutions in the selected health care professions, other health
care specialties and settings may face different challenges and
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would come up with different best practices when implementing
telehealth. Evaluating these barriers and solutions in different
contexts would provide a more comprehensive understanding
of telehealth implementation. Moving forward, further research
could investigate strategies to streamline or prioritize these
recommendations, identifying which are most beneficial for
specific professional groups or patient populations. Further, it
would be interesting to create educational programs to see how
teaching these strategies to students would increase their
telehealth proficiency.

Conclusions
This publication presents a modified Delphi study that compiles
best practices for overcoming barriers in video call–based
telehealth. It includes insights from various health care
professionals and focuses on enhancing telehealth's quality and
effectiveness. The study emphasizes technology accessibility,
professional setups, and patient-centered care. Limitations
include a small sample size and self-reported data, suggesting
future research should assess these strategies' real-world
effectiveness, explore barriers in different health care specialties,
and develop educational programs to increase telehealth
proficiency.
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Abstract

Background: The rapid advancement of telehealth has led to the emergence of avatar-based psychotherapy (ABP), which
combines the benefits of anonymity with nonverbal communication. With the adoption of remote mental health services,
understanding the efficacy and user experience of ABP has become increasingly important.

Objective: This study aimed to explore the user experience and therapeutic relationship formation in short-term ABP environments,
focusing on psychological effects, user satisfaction, and critical factors for implementation.

Methods: This qualitative study involved 18 adult participants (8 women and 10 men). Participants engaged in two short-term
ABP sessions (approximately 50 minutes per session) over 2 weeks, using an ABP metaverse system prototype. Semistructured
in-depth interviews were conducted with both the participants and therapists before and after the ABP sessions. The interviews
were conducted via an online platform, with each interview lasting approximately 30 minutes. The key topics included the sense
of intimacy, communication effectiveness of avatar expressions, emotions toward one’s avatar, concentration during sessions,
and perceived important aspects of the ABP. Data were analyzed using thematic analysis.

Results: The analysis revealed 3 main themes with 8 subthemes: (1) reduction of psychological barriers through avatar use
(subthemes: anonymity, ease of access, self-objectification, and potential for self-disclosure); (2) importance of the
avatar–self-connection in therapeutic relationship formation (subthemes: avatar self-relevance and avatar–self-connection fostering
intimacy and trust); and (3) importance of nonverbal communication (subthemes: significance of nonverbal expressions and
formation of empathy and trust through nonverbal expressions). Participants reported enhanced comfort and self-disclosure owing
to the anonymity provided by avatars, while emphasizing the importance of avatar customization and the role of nonverbal cues
in facilitating communication and building rapport.

Conclusions: This pilot study provides valuable insights into the short-term ABP user experience and therapeutic relationship
formation. Our findings suggest that ABP has the potential to reduce barriers to therapy through anonymity, ease of access, and
potential for self-disclosure, while allowing for meaningful nonverbal communication. The avatar–self-connection emerged as
a crucial factor in the effectiveness of ABP, highlighting the importance of avatar customization in enhancing user engagement
and therapeutic outcomes. Future research and development in ABP should focus on improving avatar customization options,
enhancing the fidelity of nonverbal cues, and investigating the long-term effectiveness of ABP compared with traditional
face-to-face therapy.

Trial Registration: CRIS KCT0009695; https://tinyurl.com/2a48s7dh

(JMIR Hum Factors 2025;12:e66158)   doi:10.2196/66158

KEYWORDS

avatar-based psychotherapy; telehealth; therapeutic relationship; user experience; anonymity; nonverbal communication; mental
health; mobile phone
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Introduction

Rapid advancements in information technology have led to
significant developments in telehealth, particularly in addressing
mental health issues, such as anxiety, depression, and
stress-related disorders [1]. The COVID-19 pandemic has
accelerated the transition from traditional face-to-face clinical
services to telehealth solutions [2]. This shift has created new
opportunities for individuals with difficulty accessing in-person
psychotherapy owing to geographical constraints or personal
reservations [3]. Avatar-based psychotherapy (ABP) has gained
attention because of its unique ability to combine the benefits
of anonymity and nonverbal communication. Recent research
has demonstrated the potential effectiveness of metaverse-based
counseling approaches compared to traditional in-person settings
[4].

The therapeutic relationship between the client and
psychotherapist is crucial for successful therapeutic outcomes.
However, the dynamics of this relationship in ABP environments
require further investigation [5]. Self-disclosure, a key element
in relationship building, may be facilitated differently in ABP
settings than in traditional face-to-face or video-based online
therapy [6]. The concept of avatar–self-connection, which refers
to the psychological link between users and their digital
representations, may play a significant role in the effectiveness
of ABP [7].

This study aimed to explore the user experience and therapeutic
relationship formation in short-term ABP environments.
Specifically, we sought to understand the psychological effects
and satisfaction levels of users engaging in ABP and to identify
critical factors to consider when implementing ABP systems.

Methods

Ethical Considerations
This study was conducted in accordance with the principles of
the Declaration of Helsinki and approved by the Institutional
Review Board of Korea University Anam Hospital (IRB No:
2023AN0504). All participants provided written informed
consent before participation. Participants were informed that

their participation was voluntary and that they could withdraw
at any time without consequences. All interviews were
audio-recorded with prior consent and subsequently transcribed
for analysis. The data collected in this study were anonymized
to ensure the privacy and confidentiality of all participants. This
manuscript and its supplementary materials do not include any
images or identifiable features of research participants.

Study Design and Data Collection
This study was designed as a short-term intervention pilot study
to explore initial user experiences with ABP. The two-session
format was chosen to capture immediate reactions and early
therapeutic relationship formation in the ABP environment. We
conducted a qualitative study to gain an in-depth understanding
of user experiences in ABP sessions. Eligible participants were
adults aged 19‐70 years who self-reported their need for
psychological health management and had no previous
experience with avatar-based counseling. We excluded
individuals with intellectual disabilities, organic brain damage,
or those currently receiving psychiatric treatment for major
mental disorders (including major mood disorders, anxiety
disorders, and schizophrenia spectrum disorders). Additionally,
participants were required to have access to and the ability to
use smartphones or computers.

An avatar that reflected facial movements in real time was
established using a metaverse system prototype (Figure 1). This
system allowed participants to engage in psychotherapy sessions
through avatars, enabling verbal and nonverbal communication.
Eighteen adult participants (8 women) were initially recruited
in Seoul, South Korea. The participants engaged in two ABP
sessions (approximately 50 minutes per session) over 2 weeks.

Semistructured in-depth interviews were conducted with both
the participants and psychotherapists before and after the ABP
sessions. These interviews, each lasting 30 minutes, were
conducted using the Zoom platform (Zoom Video
Communications, Inc.). The key topics included the sense of
intimacy and communication effectiveness of avatar expressions,
emotions and feelings toward one’s avatar, concentration during
the session, and perceived important aspects of the ABP
sessions.
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Figure 1. The avatar-based psychotherapy metaverse system prototype. Top avatar: participant; bottom avatar: psychotherapist. The real face box at
the top can be turned off; in a real psychotherapy session, the real face is turned off and is conducted with only the avatar.

Data Analysis
We employed thematic analysis to analyze the data, using
ATLAS.ti software (Version 23; ATLAS.ti Scientific Software
Development GmbH, Berlin, Germany) [8]. The analysis was
conducted in 6 phases: familiarization with the data, generating
initial codes, searching for themes, reviewing themes, defining
and naming themes, and producing reports. Four researchers
(JB, HL, JH, and CHC) participated in the initial familiarization
phase and carefully reviewed the transcripts before individual
coding. The 174 initial codes were systematically categorized
through iterative analysis. Through team discussions, these
codes were refined and consolidated into 3 main themes of
psychological barriers (41 codes), avatar–self-connection (29

codes), and nonverbal communication (38 codes). The remaining
codes were excluded as they did not directly address the research
questions.

Results

The thematic analysis revealed 3 main themes with 8 subthemes,
as shown in Table 1. The 174 initial codes were systematically
categorized through iterative analysis. Through team
discussions, these codes were refined and consolidated into 3
main themes of psychological barriers (41 codes),
avatar–self-connection (29 codes), and nonverbal
communication (38 codes). The remaining codes were excluded
as they did not directly address the research questions.
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Table . Thematic framework of user experiences and therapeutic relationship formation in avatar-based psychotherapy: main themes, subthemes, code
counts, and representative codes.

Representative codesCode countsSubthemesMain themes

121.1 AnonymityReduction of psychological barriers
through avatar use

• Anonymity reduces social
anxiety.

• Sense of security through
anonymity.

• Honest communication en-
abled.

• Anonymity prevents judgment.
• Reduced fear of personal

recognition.

101.2 Ease of access • Flexible scheduling.
• No travel required.
• Accessible from anywhere.
• Easier therapy initiation.
• Reduced logistical challenges.

81.3 Self-objectification • Detached view encourages
self-reflection.

• Avatar mirrors emotional state.
• Enhances self-awareness.
• Observing oneself via the

avatar.
• Identifies overlooked emo-

tions.

111.4 Potential for self-disclosure • Easier to discuss sensitive top-
ics.

• Safe space for expression.
• Encourages honest sharing.
• Enables communication with-

out barriers.
• Reduces hesitation in disclo-

sure.

152.1 Avatar self-relevanceImportance of avatar–self-connec-
tion

• Personalized avatars foster
comfort.

• Realism enhances connection.
• Reflects personal identity.
• Improves immersion.
• Mirrors user’s traits effective-

ly.

142.2 Fostering intimacy and trust • Facilitates faster rapport.
• Acts as a conversational

bridge.
• Builds therapeutic trust.
• Supports meaningful dialogue.
• Encourages emotional open-

ness.
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Representative codesCode countsSubthemesMain themes

• Gestures enhance communica-
tion.

• Nonverbal cues reduce misun-
derstandings.

• Expressive avatars improve
immersion.

• Adds emotional depth.
• Reinforces communication ef-

fectiveness.

203.1 Significance of nonverbal expres-
sions

Importance of nonverbal communi-
cation

• Mirrors emotions effectively.
• Conveys empathy through

gestures.
• Builds trust via nonverbal cues.
• Enhances emotional under-

standing.
• Reduces virtual communica-

tion gaps.

183.2 Empathy and trust formation

Theme 1: Reduction of Psychological Barriers Through
Avatar Use
Theme 1, the reduction of psychological barriers through avatar
use, emerged as the most prominent theme with 41 codes. These
codes were distributed across 4 subthemes: anonymity (12
codes), ease of access (10 codes), self-objectification (8 codes),
and potential for self-disclosure (11 codes). Participants reported
that the use of avatars in psychotherapy sessions helped lower
psychological barriers primarily through 3 mechanisms.

Subtheme 1.1: Anonymity
The anonymity provided by avatars was frequently mentioned
as a key factor in facilitating open and honest communication.
One participant noted, “Knowing that the therapist does not
know my real face gives me a sense of security. Even if we met
in real life, they would not recognize me, which is reassuring
in a way.”

Subtheme 1.2: Ease of Access
The convenience of accessing ABP services through a metaverse
platform was highlighted as a significant advantage. One
participant stated, “The fact that psychotherapy sessions can be
done from anywhere makes it more accessible and easier to
form a rapport. I think anonymous ABP is more effective in
this regard.”

Subtheme 1.3: Self-Objectification
Avatars facilitated self-objectification, allowing participants to
view themselves from a detached perspective. One participant
observed, “When I occasionally looked at my avatar, I noticed
that I was not smiling much. It made me think, ‘I look a bit
pitiful.’ This showed me how I appeared.”

Subtheme 1.4: Potential for Self-Disclosure
Avatars facilitated self-disclosure. One participant noted, “For
people who want psychotherapy without revealing themselves
too much, expressing themselves through an avatar in the
metaverse can make it easier to talk honestly with the therapist.”

Theme 2: Importance of Avatar–Self-Connection in
Therapeutic Relationship Formation
The importance of avatar–self-connection in therapeutic
relationship formation emerged as the second major theme,
comprising 29 codes. These were distributed between 2 key
subthemes: avatar self-relevance (15 codes) and
avatar–self-connection fostering intimacy and trust (14 codes).
The results showed that the degree of connection between users
and their avatar played a crucial role in the therapeutic
relationship formation within the ABP environment.

Subtheme 2.1: Avatar Self-Relevance
Participants expressed a desire for their avatars to reflect aspects
of their real selves. One participant noted, “If I could customize
the avatar more to my liking and feel that it truly represents me,
I think I would feel more completely connected to it.”

Subtheme 2.2: Avatar–Self-Connection Fostering
Intimacy and Trust
A strong avatar–self-connection enhanced the sense of intimacy
and trust in the therapeutic relationship. One participant shared,
“When I felt that this avatar was really me, I could immerse
myself more deeply in the session and form a stronger
therapeutic relationship with the therapist.”

Theme 3: Importance of Nonverbal Communication
The importance of nonverbal communication emerged as a
significant theme with 38 codes, distributed across 2 subthemes:
significance of nonverbal expressions (20 codes) and formation
of empathy and trust through nonverbal expressions (18 codes).
The thematic analysis highlighted the significant role of
nonverbal communication in ABP, emphasizing its impact on
self-expression, empathy, and trust-building.

Subtheme 3.1: Significance of Nonverbal Expressions
The participants emphasized the importance of nonverbal cues
in enhancing communication. One participant stated, “If the
avatar could show hand gestures or body language, I think it
would be even better. These physical movements can have
psychological significance.”
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Subtheme 3.2: Formation of Empathy and Trust
Through Nonverbal Expressions
Nonverbal communication through avatars enhanced empathy
and trust in the therapeutic relationship. One participant shared,
“I think the avatar helped by expressing my gestures and
expressions to some extent. This somewhat overcomes
communication errors that can occur when we are not
face-to-face.”

Discussion

Study Findings and Comparison With Previous
Findings
This study provides critical insights into ABP, highlighting 3
interconnected dimensions: psychological barrier reduction,
avatar–self-connection, and the role of nonverbal communication
in metaverse therapeutic systems.

The anonymity, accessibility, and potential for self-disclosure
provided by avatars create a unique therapeutic environment
that lowers the resistance to mental health engagement,
consistent with previous research on online self-disclosure [5].
A novel finding of this study was the self-objectification through
avatar use, suggesting a potential mechanism for enhanced
self-awareness that resonates with self-distancing theories in
psychology [9]. This indicates that ABP may offer a natural
pathway for adaptive self-reflection, a key component in many
therapeutic approaches.

The self-objectification observed in this study demonstrates an
interesting contrast with findings from video conferencing
research, which found that viewing one’s actual image during
video conferences can lead to greater cognitive burden and
negative psychological effects, particularly for individuals with
high public self-consciousness [10]. However, our findings
suggest that avatar-mediated self-observation may offer distinct
advantages. Unlike video conferencing where users see their
actual image, avatar representation creates a beneficial
psychological distance that facilitates more objective
self-reflection while maintaining emotional engagement. This
unique characteristic of avatar-mediated interaction may explain
why participants in our study reported enhanced self-awareness
without the negative psychological impacts often associated
with direct self-viewing in video conferences. The
avatar-mediated environment provides a unique balance between
self-awareness and psychological comfort, potentially making
it particularly suitable for therapeutic contexts where
self-reflection is crucial but emotional safety needs to be
maintained.

Furthermore, the avatar–self-connection played a crucial role
in the therapeutic relationship formation, extending previous
work on avatar realism [7]. Our findings directly linked this
connection to the quality of the therapeutic relationship,
underscoring the potential significance of avatar customization
in fostering engagement and improving outcomes. The avatar
may serve as a bridge between the client’s inner world and the
therapeutic space, facilitating deeper exploration of personal
narratives.

Our observations of nonverbal communication in ABP expand
on previous research, highlighting how even limited nonverbal
cues can significantly impact the therapeutic process [11]. This
adaptability suggests that ABP taps into fundamental aspects
of human communication, offering a rich alternative to
traditional face-to-face therapy.

The interplay among these elements in ABP creates a unique
therapeutic ecosystem that balances self-disclosure and
self-protection. As we continue to explore the potential of ABP,
it is crucial to consider its place within the broader context of
mental health care. ABP can be viewed as a complementary
tool that can lead to more comprehensive and accessible care,
potentially reaching individuals who might otherwise not receive
treatment [12,13].

Strengths and Limitations
The findings of this study have several implications for clinical
practice. First, ABP may be particularly beneficial for clients
hesitant to engage in traditional face-to-face therapy because
of social anxiety, stigma, or geographical limitations [14]. The
anonymity and ease of access provided by ABP could serve as
a stepping stone for these individuals to transition to other forms
of therapy, if needed. Second, clinicians using ABP should be
aware of the importance of the avatar–self-connection and
consider ways to enhance this connection during therapy
sessions. This might involve discussing the client’s choice of
avatar and exploring how it relates to their self-perception or
therapeutic goals. However, although ABP offers many
advantages, clinicians must be aware of its limitations. The
reduced nonverbal cues in ABP compared with face-to-face
therapy require clinicians to develop new skills in reading and
interpreting client expressions and emotions through avatars.

Conclusion
These findings not only contribute to the growing body of
knowledge on telehealth interventions, but also prompt us to
reconsider the nature of the therapeutic relationship in the digital
age. As technology continues to reshape our modes of
interaction, ABP stands at the forefront of a new paradigm in
mental health care that harnesses the power of the virtual world
to foster real-world healing and growth.
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Abstract

Background: Digital health innovations provide an opportunity to improve access to care, information, and quality of care
during the perinatal period, a critical period of health for mothers and infants. However, research to develop perinatal digital
health solutions needs to be informed by actual patient and health system needs in order to optimize implementation, adoption,
and sustainability.

Objective: Our aim was to co-design a research agenda with defined research priorities that reflected health system realities
and patient needs.

Methods: Co-design of the research agenda involved a series of activities: (1) review of the provincial Digital Health Strategy
and Maternity Services Strategy to identify relevant health system priorities, (2) anonymous survey targeting perinatal care
providers to ascertain their current use and perceived need for digital tools, (3) engagement meetings using human-centered design
methods with multilingual patients who are currently or recently pregnant to understand their health experiences and needs, and
(4) a workshop that brought together patients and other project partners to prioritize identified challenges and opportunities for
perinatal digital health in a set of research questions. These questions were grouped into themes using a deductive analysis
approach starting with current BC Digital Health Strategy guiding principles.

Results: Between September 15, 2022, and August 31, 2023, we engaged with more than 150 perinatal health care providers,
researchers, and health system stakeholders and a patient advisory group of women who were recently pregnant to understand
the perceived needs and priorities for digital innovation in perinatal care in British Columbia, Canada. As a combined group,
partners were able to define 12 priority research questions in 3 themes. The themes prioritized are digital innovation for (1) patient
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autonomy and support, (2) standardized educational resources for patients and providers, and (3) improved access to health
information.

Conclusions: Our research agenda highlights the needs for perinatal digital health research to support improvements in the
quality of care in British Columbia. By using a human-centered design approach, we were able to co-design research priorities
that are meaningful to patients and health system stakeholders. The identified priority research questions are merely a stepping
stone in the research process and now need to be actioned by research teams and health systems partners.

(JMIR Hum Factors 2025;12:e60825)   doi:10.2196/60825

KEYWORDS

digital health; co-design; digital strategy; human-centered design; eHealth; cocreation; codevelopment; perinatal intervention;
quality of care; digital tools; pregnancy; patient autonomy; patient support; mobile phone

Introduction

The digital health sector continues to expand after being an
integral part of health care delivery during the COVID-19
pandemic, resulting in a growing interest in digital health
research and innovation. Digital health provides an opportunity
to reduce health disparities by addressing barriers and facilitators
to health care access and improving the health and lifestyle of
those who use it [1]. Digital innovation is also essential to
offering value-based health care, which involves changes in
health systems that are measured by improvement in patient
outcomes per unit health care expenditure [2]. Core to achieving
improvements in value-based care is establishing an
understanding of what value is based on identifying outcomes
that matter to patients themselves.

Human-centered design (HCD) is an approach to
problem-solving that can be used to increase value in health
care by focusing on problems and outcomes of interest to
patients. HCD also has a role in improving health equity [3,4].
Core characteristics of an HCD approach include an iterative
process of empathy and discovery to identify the core problem
and then systematic brainstorming of solutions where the human
experiencing the problem plays a central role [5]. The HCD
approach goes beyond simply working with the end user to
focus on their interaction with the technology and considers the
broader social context in which the technology is used and other
partners who may indirectly be impacted by the use of the
technology [4,5]. The result of working in partnership with
people under these assumptions using the HCD approach is
meant to be a product or service that meets real human needs
and reflects their values. This approach has been used to solve
complex health care challenges, such as improving pediatric
patient experience in acute care [6] and increasing adherence
to self-care practices for chronic conditions [7,8]. In a perinatal
health setting, these methods have been used to develop digital
interventions for gestational diabetes [9].

The perinatal period encompasses a person’s experiences from
conception to the first year after delivery including pregnancies
that end in miscarriage or stillbirths. The majority of patients
receiving perinatal care in British Columbia has access to a
mobile device and the internet and are increasingly looking to
digital technologies to inform and support their care [10,11].
Using digital technology in health care can improve the quality
of care and health outcomes for patients and infants during this
early stage of life. The use of digital health tools in perinatal

care has already been shown to result in lower and healthier
gestational weight, lower smoking rates, increased physical
activity, and lower rates of maternal and infant morbidity (eg,
fewer preterm births, gestational diabetes, and pre-eclampsia),
leading to fewer planned and unplanned visits to health care
facilities [1,12-14]. Digital health has also been demonstrated
to reduce the practitioners’ workload as well as relieve some of
the resource strains on an overburdened system [15]. Due to the
vast potentiality of digital health and opportunities for further
innovation, it is important to engage with patients who have
received perinatal care and care providers as end users to
identify emerging priorities for future innovations and research
that are informed by actual needs [16]. By identifying and
responding to real patient and care provider needs, we can
optimize the implementation, adoption, and sustainability of
perinatal digital health solutions, create value, and ensure
existing health inequities are not exacerbated [16,17].

In this paper, we report on the Research Agenda for Perinatal
Innovation and Digital Health (RAPID) project [18], which was
led by the BC Children’s Hospital Research Institute and
Women’s Health Research Institute in partnership with the
Provincial Health Services Authority (PHSA) and Perinatal
Services BC (PSBC) with the aim of codeveloping research
priorities with patients and care providers.

Methods

Ethical Considerations
This project was run as a knowledge translation initiative, and
no research ethics board approval was required. The engagement
activities conducted with partners were classified as quality
improvement activities rather than systematic investigations to
advance knowledge. Based on these distinctions, our institutional
research ethics board determined that the project falls outside
of the scope of research subject to ethics review, and a waiver
was granted. All workshop and survey participants consented
to the anonymous collection of their opinions. Members of our
patient advisory committee were compensated hourly according
to local standards to reflect their equal standing to research team
members within the project.

Project Design and Setting
The patient and health system partners with whom we worked
were partners in the research priority setting through co-design
and were compensated for their time. All final workshop
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participants provided consent to the collection of their opinions
and views during the workshop and through the follow-up
survey.

The objectives of the RAPID project were to facilitate activities
that bring key partners and existing knowledge together to (1)
identify gaps in the perinatal continuum of care that can be
addressed with digital innovation to improve patient and family
health and (2) define current barriers to optimal adoption of
digital health interventions for perinatal health care from the
patient and health system perspectives. This knowledge was
then used to define research priorities and codevelop research
questions to motivate digital innovation informed by care needs
and addressing barriers.

Recruitment of Partners and Governance
Following guidance outlined by Concannon et al [19], we
developed an engagement plan for our activities that describes
an analysis of which partner groups should be involved, their
roles and modes of participation, and sampling strategies (ie,
snowball sampling). Partners to include in engagement activities
were grouped as (1) people with lived experience of perinatal
care who were pregnant or recently delivered a baby; (2)
perinatal health care providers including nurses, midwives,
physicians, and other allied health; and (3) health care decision
makers who are involved with the design or delivery of perinatal
health care in British Columbia.

This project was governed by two primary groups: (1) a steering
committee and (2) a patient advisory committee (PAC). Using
snowball sampling, starting with a core group of experts at BC
Children Hospital Research Institute and Women’s Health
Research Institute, we identified key partners with expertise in
research, innovation, and implementation processes related to
perinatal, maternal, or digital health services to form the steering
committee. The core group was involved from the initiation of
the project including during the development of the funding
proposal. This core group included 4 health system decision
makers as research users and 4 researchers. Additional partners
identified for the steering committee included 2 clinical care
providers and 2 additional researchers. The final steering
committee included 5 researchers, 3 health care providers, and
4 health system decision makers. The purpose of the steering
committee was to oversee project objectives and align efforts
to each of their organizations’ known digital health priorities
and ongoing work.

Patient partners for the advisory committee were recruited
through social media and the local hospital patient engagement
office. The criteria for participation were (1) multilingual and
(2) pregnant or a caregiver of a child younger than 2 years of
age. There were 15 respondents to the recruitment
advertisements, 9 of whom responded to our invitation to
complete a 15-minute informal interview so we could learn
more about their background, and they could also learn more
about our project. After the interviews, the steering committee
was able to select 4 participants who were willing and able to
commit the time required by the project and who had diverse
perinatal experiences (based on type of care provider and mode
of delivery), geographic location in British Columbia, and
backgrounds (language spoken and profession). The PAC met

separately with only 4 members of the study team and steering
committee during the initial activities of the project. This was
done to create a safe space that would limit the impact of known
health system hierarchies and preserve the authentic patient
voice in the identification of perinatal health system pain points
and the development of initial insights related to these pain
points [20]. Once initial insights were defined with the patient
advisors, all partners were brought together in a final workshop
to collaborate and build consensus on research priorities as
described in more detail below.

Engagement Activities
A series of engagement activities with each distinct group of
partners was completed before a final workshop that brought
all partners and results together to reach a consensus on final
research priorities.

Perinatal Care providers
Perinatal care providers across British Columbia including
physicians, midwives, nurses, and allied health were invited to
share, rate, and explore their thoughts on digital perinatal health
using a ThoughtExchange (version 6.4; Fulcrum Management
Solutions Ltd). ThoughtExchange is a web-based survey tool
that allows participants to share their thoughts in response to a
prompt, which can be anonymously viewed and ranked by other
participants. The platform then creates weighted rankings of
the thoughts on the prompted topic to show participant priorities.
The care providers were asked to respond to the following
prompt: “What digital health tools are most valuable to your
delivery of perinatal health care currently, and what do you
think are the greatest areas of opportunity for digital innovation
going forward?” The survey was promoted through all British
Columbia health authority internal staff newsletters and through
member email lists at Doctors of BC; Family Doctors of BC;
and University of British Columbia Faculty of Medicine alumni,
School of Midwifery, Departments of Obstetrics and
Gynaecology, Pediatrics and Family Medicine. Three rounds
of promotion were completed. Once the advertised deadline
passed, the highest-ranked thoughts were reviewed by 2 research
members of the steering committee (BAP and SXC), and key
messages were developed through an inductive approach. Basic
descriptive statistics were used to analyze the ranking of
thoughts.

Health System Partners
Steering committee members from the British Columbia
Ministry of Health (MoH), the PHSA, and the PSBC were each
asked to review their organizations’ recently published reports
outlining their strategies for addressing current gaps in health.
The reports reviewed were the BC Digital Health Strategy
(BCDHS) [21] and the PSBC Maternity Services Strategy
(MSS). Access to the MSS was provided through confidential
personal communication with PSBC Director Robert Finch.
These reports were presented at a steering committee meeting
within the first 3 months of the project to identify priorities and
alignments specific to perinatal digital health within these
documents. The steering committee members from each
organization outlined ongoing digital innovation projects in
perinatal care and priorities specific to digital health solutions
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for improving perinatal care. Each report, postpresentation, was
summarized in lay terms to highlight priorities. These summaries
were reviewed and edited by the health system partners to ensure
that summaries were comprehensive, not leaving out key
information.

Patients
A series of four 90-minute PAC meetings were held and
recorded over Zoom (Zoom Video Communications). They
served to ascertain current digital health use and perceived need
for new innovation as well as to inform workshop development
from a patient perspective. The meetings included a series of
HCD and user-experience research activities, participatory
discussions, and postmeeting homework that typically took an
hour to complete. The first meeting served as an introduction
to all members; the following 2 meetings were developed to

allow patients to share their experiences and understand how
they interact with the health care system in order to identify
gaps, common touchpoints with health care systems and
services, and needs (Table 1). For the final meeting, the PAC
was provided the lay summaries from the engagement with
other partners prior to the meeting. They were asked to review
these and share their reflections during the meeting. In addition,
they were asked to develop insight statements that identify a
need or gap. All meetings were facilitated by the core research
team consisting of BAP, SXC, HA, and MV, who were also
steering committee members. Activities were carried out on
Miro (version 2.0; Miro), a web-based collaborative workspace.
Meeting notes were collected and circulated to all participants
for review and input. After each meeting, study team members
also recorded reflective notes.

Table 1. Patient engagement meeting plan.

ActivitiesPresession activityObjectiveSession
number

Establish an environment where patients feel
safe and comfortable sharing their experi-
ences

1 •• Ice breakerN/Aa

• Introduction to digital health
• Empathy mapping activity

Gather patients’perspectives and experiences
in the health system during pregnancy and
after birth

2 •• Share empathy map and experiencesComplete an empathy map [22] and a
30-minute reflection on their experi-
ences in perinatal care

• Introduce user journey activity

Identify health system touchpoints and poten-
tial areas with opportunities for improvement

3 •• Open discussion regarding user journey
and experiences

Complete a user journey [23]
• Reflect on fellow participants’ empathy

maps and reflections • Introduce insightful statements

Prepare for workshops with patients4 •• Comment on summary resultsReview summary of ThoughtExchange
and health systems’ report summaries • Go over insightful statements

• Insightful statements worksheet [24] • Plan workshop

aN/A: not applicable.

Final Consensus Workshop and Analysis
A final 90-minute workshop was held to bring together all the
partners and interested parties to share and align on challenges
and priorities collected from earlier engagement sessions. This
workshop was composed of both existing members of each
partner group: patients, clinical care providers, researchers and
health system decision makers as well as additional participants
recruited through snowball sampling.

In preparation for the workshop, the core study team (BAP,
SXC, HA, and MV) reviewed insight statements from the
patients, and using a combination of deductive (using the
guiding principles of the BCDHS as a starting point) and
inductive analysis, placed these into overarching and emerging
themes and then further grouped statements based on relevance
to a stage of the perinatal period as described in Figure 1. This
grouping was done to make the review and brainstorming
session more feasible to complete within our limited 90-minute
time frame. Research representatives from the steering
committee, BAP and MV, developed 2 example research

questions for each thematic area to prime the workshop
discussion. These questions were developed to prompt
discussion during the workshop, considering many participants
do not have a background in research.

Attendees were divided into the 3 perinatal stage–based groups
based on their expertise. For example, an attendee who is a
neonatologist was assigned to the delivery+postpartum group.
Each group contained at least 1 member from each of the partner
types in order to facilitate collaboration across groups and
consensus building. Each group was asked to reflect on and
revise the provided insight statements and example research
questions as well as develop their own research questions in
order to identify research priorities based on their knowledge
and experience. At the end of the session, each group was asked
to identify 3-5 priority research questions from their
brainstorming exercise. Each group then presented their priority
research questions to the full workshop, and collectively, all
attendees further discussed and ranked the research questions
in order of priority.
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Figure 1. Workshop groups and themes.

After the workshop, the research team reviewed meeting
recordings, notes, and research question rankings to finalize a
list of priority research questions that reflected workshop
consensus. These research questions were then reviewed a final
time by the PAC to ensure patient needs were at the forefront.
This final list of research questions was converted and deployed
as a REDCap (Research Electronic Data Capture; Vanderbilt
University) survey to all workshop attendees. Respondents were
asked to select 3 research questions they believed to be of the
highest priority for perinatal care. Survey rankings were
summarized descriptively to identify priorities from within the
defined research questions.

Results

Engagement activities occurred between September 15, 2022,
and August 31, 2023. The steering committee met monthly
during this time to review progress and plan adjustments to the
strategy, as new knowledge was developed.

Thought Exchange With Clinical Care Providers
A total of 125 perinatal health care provider participants
responded, 102 of whom shared what provincial health authority
they were affiliated with. British Columbia is split by geographic
regions into 5 regional health authorities with an additional
province-wide authority focused on Indigenous health and the
PHSA that provides oversight for all regions. Most participants
came from PHSA (n=25, 24.5%), Fraser Health (n=19, 18.6%),
Vancouver Coastal Health (n=16, 15.7%), or Island Health
(n=16, 15.7%). There were no participants from the First Nations
Health Authority, and 7 participants did not affiliate with any
of British Columbia’s 7 health authorities.

Of the 125 participants, 55 responded with 80 different thoughts;
51 participants rated the thoughts of their colleagues, resulting
in a total of 1108 ratings. Analysis of the thoughts based on the
built-in functions of the ThoughtExchange platform identified
the highest-ranked themes, which were grouped and
summarized. Five key takeaways were identified under the

themes of health education and connected systems from the
ThoughtExchange:

1. There is an urgent need to create more inclusive, responsive,
and accessible digital health tools. The end user (patient or
health care provider) must be involved in the design of these
tools to make sure that they are useful and can solve the
right problems.

2. Among all current digital health tools shared, “Zoom,”
which is a tool that allows videos and remote health visits,
and the “Hyperbilirubinemia risk assessment tool,” which
is a way for doctors to check if a baby is at risk of
developing a condition where their skin and eyes turn
yellow, are the highest ranked. “Up to Date,” a web-based
platform that keeps clinicians up-to-date with the latest
medical research and guidelines (the United States only),
was mentioned but ranked lower. A tool like “Up to Date”
that provides the latest guidelines specific to Canada was
identified as a current need to support high-quality care.

3. Important clinical areas that were identified as being priority
topics for digital innovation were postpartum lactation
support and mental health services. There is a demand for
innovation in these areas to be accessible to individuals
residing in rural regions.

4. A 2-way communication system is needed to support
sharing health information across the province and between
patients and providers; this means patients should have
equal access to their electronic medical records as their
health care providers. Patients should also be able to freely
share their information between various levels of health
care units at their own discretion.

5. Provincially standardized, free, evidence-based, and
user-friendly prenatal patient education was identified as a
need that could be solved with digital innovation. Accessible
prenatal education would support high-quality perinatal
care for all patients in British Columbia.
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Health System Partner Engagement
A review of the MoH and PSBC digital health reports and
strategies with health system partners in the steering committee
meetings identified opportunities where perinatal innovation
could be used to improve the quality of the health care system
in British Columbia.

The MoH report, BCDHS, identified the following gaps in care
across British Columbia: lack of coordination between health
care services, poor communication systems, and inadequate
follow-up. Therefore, their digital health priorities include (1)
empowering patients through participation in their health journey
(eg, inclusive, trusted, and equitable health content provided
digitally), (2) increasing the capacity for providers to deliver
high-quality care (eg, improving digital literacy and promoting
the use of digital tools), (3) establishing a connected health
system that allows for the sharing of data (eg, interoperability
across health authorities and provider level and collaborating
on clinical solutions), and (4) infrastructure and business
processes streamlined for efficiency (eg, modernizing British
Columbia’s health supply chain, data flow, asset tracking, and
analytics). To accommodate these strategies and goals, PSBC
is working on developing a digital platform that acts as a central
place for patient information. Based on the identified gaps,
strategies, and needed tools, three potential areas for research
were identified: (1) What is the best way to use
telecommunication and information technologies to provide
health care services during pregnancy and childbirth remotely?
(2) What is the best design and implementation strategy to
enable a shared electronic antenatal health record that can be
accessed by any health care provider and patient during
pregnancy? (3) Can we validate the use of wearable devices
that can track and monitor health data during pregnancy and
childbirth (ie, remote blood pressure for hypertension in
pregnancy and blood glucose monitoring for gestational
diabetes)?

PSBC’s MSS report focuses particularly on addressing
modifiable factors such as maternal weight and nutrition,
substance use, mental health, diabetes, infant sleep, and
breastfeeding. They currently have a series of projects in
progress, and those specific to digital health solutions include
a personalizable information and tool resource hub for providers
and patients, a single source of data that can be shared across
multiple systems, leveraging access to clinical data for quality
improvement, allowing for enhanced digital training
opportunities, increasing access to telemedicine care, and
updated screening protocols and quality control. Based on these
approaches five areas for future research were identified: (1)
With the implementation of new technologies, what gaps and
biases arise that impact their inclusivity and equity? (2)
Although we can assess the immediate and short-term benefits
of these technologies, how do we assess their long-term impact
on maternal and child health? (3) How do we improve
interoperability between different digital platforms to enable
seamless data sharing and communication? (4) What policies
would need to be put in place to ensure that patient data and

privacy are protected? How would this integrate patient consent?
(5) How do we understand the needs of the user (patients and
health care service providers) and design resources that are
user-centered? How do we ensure that users will engage with
these resources?

Patient Engagement Sessions
The 4 members of the PAC varied in languages spoken (1
Mandarin, 1 Cantonese, 1 Spanish, and 1 Arabic), age of their
children (1 still pregnant at the start of the project, 1 younger
than 6 months, and 2 between 6 months and 1 year), mode of
delivery (2 vaginal birth and 2 cesarean section), and location
of their birth experience (2 Vancouver Coastal Health, 1 Fraser
Health, and 1 Interior Health). Over the course of our 4 group
meetings, we completed empathy maps, user journeys
(Multimedia Appendix 1), and insight statements and collected
reflective notes and recordings of live discussions. Common
challenges were experienced among all patient partners
navigating the perinatal period. For example, all patient partners
described difficulties in understanding the different types of
perinatal care providers and how to find an available midwife
or doctor in their region. They all also spoke of challenges in
navigating the transition from pregnancy to early newborn care,
particularly when they had nonurgent concerns about their new
baby because many available health care resources focus on
urgent and emergency conditions.

In the final PAC meeting, we reflected on the summaries of the
ThoughtExchange, MSS report, and BCDHS to identify
recurring themes, priorities, and gaps that were also expressed
by patients, which were then presented in a master list of insight
statements (Textbox 1). These insights were divided into 6
themes: education or health information, navigating health
systems, decision support, community or peer support,
connected systems, and patient empowerment. Overall, over
the 4 meetings, patients clearly expressed that they wanted
digital innovation that would support their confidence and ability
to navigate the health system in all regions of the province of
British Columbia where health care is currently distributed and
often fragmented. This should come in the form of free and
accessible educational resources and tools to navigate the
perinatal health journey. All patient partners discussed how
stressful it is to navigate the current system and the frustration
of having to communicate their health information to different
care providers repeatedly. Almost all of our patient partners
moved during the course of their pregnancy and experienced
challenges finding maternity care providers both initially and
after they moved. Another universal experience was the
challenge presented by our current system, which does not allow
for the pairing of the mother’s and infant’s health records. This
often resulted in logistical challenges in navigating postpartum
and postnatal follow-up that were borne entirely by the new
parents. As a result of the success of these sessions, the research
team worked with the PAC to develop a toolkit for patient
engagement that was made available for use by other research
teams (Multimedia Appendix 2).
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Textbox 1. Final list of insight statements.

Reliable health information is needed

• Patients who are accessing perinatal care are overwhelmed by navigating an abundance of resources, and they are not sure which ones are accurate
to follow.

• When seeking health-related information on the internet, information is often conflicting or misleading.

• When seeking health information on the internet, information is only in English and can be difficult to understand or communicate to multilingual
family members.

• Health information provided is in technical terms that patients are unfamiliar with leaving patients confused.

• Patients often rely on informal peer support, which adds to the conflicting information they receive, leaving them more confused and unsure of
what information to trust.

• Due to the abundance of information available on the internet, patients feel like they are wasting or spending too much of their time filtering
through the information.

• Patients indicated that it is challenging to understand the difference between an obstetrician and a midwife especially for newcomers or immigrants
from a different health care system; they do not know how to choose the right professional for them.

Lack of supports

• Due to the duration between pregnancy and a patient’s first obstetrician gynecologist appointment being too long, patients are left with the
responsibility of seeking information independently.

• There are limited perinatal classes that are poorly advertised and are not free; therefore, not all patients have the means to access them.

• Patients are navigating aspects of the health care system during their perinatal journey that they have never had to use before; this often comes
with little guidance and doubts about what steps need to be taken.

• Patients who are pregnant for the first time do not know where and what services to seek, leaving them feeling helpless and guilty if complications
occur.

Need for continuum of care

• Patients’ care is interrupted by the transfer of care to a different care provider especially after delivery. These periods of interruption leave patients
uncertain and lost.

• After being discharged after delivery or from midwives, patients feel like their only support is the emergency room, especially if they do not
have a family doctor.

Mental health challenges

• Complications during the perinatal period leave patients feeling incompetent and highly anxious about their own situations.

• Patients wanting to seek mental health support are discouraged because they are unaware of how to access them or told they are not in need of
them.

Emergency screening

• Due to the long wait times in the emergency room and lack of knowledge of problems arising either during prepartum or postpartum, patients
indicated a need to have an emergency screening process tailored to pregnant and newborn mothers by using the digital platform before they
head to the hospitals to save or rule out unnecessary visits.

Uncoordinated transitions of care

• It was challenging for patients to find an appropriate obstetrician or midwife in a timely manner; they had to call a list of clinics on their own or
find one through word of mouth in order to be accepted.

• When patients find out they are pregnant, they are frustrated by a lack of information on available care providers in their region.

• Patients are confused about when to choose a midwife or other type of doctor and why they may need to switch providers during pregnancy.

• Mom and baby’s care is not coordinated in the health system after the birth of the baby because they are treated as 2 distinct patients.

• There is no standardized system to share health records between perinatal care providers, which leaves patients with the responsibility to
communicate their health information when multiple types of caregivers are needed to support their pregnancy.

• When accessing care, services, or resources across different health authorities, health authorities do not follow standardized structures or guidelines
acting as an additional barrier for patients as they learn to navigate a new health authority.

• There is a lack of communication and awareness among health authorities, therefore, interrupting patients’ care.

Poor patient-centered care
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• Care providers are dismissive of patient concerns and thoughts, resulting in patients advocating for themselves and leaving them stressed and
isolated.

• Patients feel uninvolved in their health because they are often told what to do without direct and clear explanations or guidelines from their
providers.

• Patients have to manage multiple appointments with different providers instead of an integrated care team, meaning that they often wait long
periods of time before their needs are addressed.

• Patients would appreciate more visits and opportunities to meet with their care providers or a trusted source in order to discuss their concerns
and ask questions.

• Patients want to hear follow-up from their care provider after every test, even if it is normal.

Final Workshop
The workshop had a total of 20 attendees: 4 core project team
members, 4 patient partners, 2 researchers, 5 clinicians, and 5
health system partners. The workshop was held over Zoom.
During the workshop, 3 research themes were chosen as
priorities through the discussion process including patient
autonomy and support, educational resources for patients and
providers, and access to health information (Figure 2). Attendees
chose to frame the final research questions around broad
transformative goals rather than specific clinical care concepts
or processes to make the final agenda broadly applicable across
health settings in the British Columbia public health system.
For example, although patients and clinicians identified a need

for lactation support earlier in the engagement process, a
decision was made not to name this clinical concern specifically,
as it was felt to narrow the scope of the recommendations.
Similarly, patients and care providers identified a need for more
accessible support for nonurgent health concerns. Suggestions
were made to create more digital resources, but in discussion,
the group agreed that more foundational knowledge on the type
of digital technology that would be found most usable and
effective for providing health information is needed. This
resulted in final research questions such as 1.3 and 2.3. A total
of 12 final research questions to be included in the research
agenda were developed to reflect the identified priorities and
patient perspectives (Figure 3).

Figure 2. Three priority themes for perinatal digital health research.
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Figure 3. Final list of priority research questions. RPM: remote patient monitoring.

A follow-up REDCap survey was sent to a total of 35
individuals, including all workshop participants, steering
committee members, and patient partners, and we received 20
responses. Respondents included 5 researchers, 5 health system
decision makers, and 6 perinatal health care providers with 4
patient advisors. When asked to select the top 3 priority research
questions, respondents prioritized questions 1.4, 1.2, and 3.3
(Textbox 2). All of these questions focus on supporting patients’

decision-making with better information and fall within the
themes of improving patient autonomy and access to
information. When comparing the priority of the overarching
themes, overall questions from theme 1: patient autonomy and
support were the most selected; however, if we adjust for the
number of questions per category, questions from theme 3:
access to health information were the most selected.
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Textbox 2. Prioritization of research questions.

Number of times prioritized: 9

• Question 1.4: What aspects of perinatal care can be monitored, administered, or assessed using mobile devices (ie, remote patient monitoring,
digital health visits, and peer support) to support empowered self-care? How do we implement these without widening the access to care gap
experienced by already disadvantaged populations?

Number of times prioritized: 7

• Question 1.2: What digital tools and information can support patients’ decisions in identifying and connecting with the right maternity care
provider? What information do patients need to identify the right maternity care provider? How do we support this decision with digital tools?

• Question 3.3: How can the integration of patient-reported outcomes in a patient’s record contribute to quality improvement and shared
decision-making?

Number of times prioritized: 5

• Question 1.5: How do we monitor the mental health patients receiving perinatal care in order to provide timely support when needed and improve
health outcomes and perinatal recovery?

• Question 2.1: What resources can be compiled into a starter kit to guide patients through their pregnancy? What resources can be compiled into
a starter kit to guide patients who have just delivered their child? How do these resources impact patient and child health outcomes?

• Question 2.3: How do patients prefer to view and access health information and educational resources (eg, type of format such as audio vs video
vs website)? How can we engage patients and providers in developing and designing these resources? Are there existing resources we can expand
in function to meet patient needs (eg, 811 response, peer support, chatbots, or SmartMom)?

• Question 3.1: What is the effect of more transparent access to provincial dashboards such as HealthGateway (for both parent and child and linked
together) on care quality, and access to care in both urban and rural or remote settings?

Number of times prioritized: 4

• Question 3.2: Can improved data access for patients and care providers lead to an increase in British Columbia’s status against global benchmarks
for health care quality?

Number of times prioritized: 3

• Question 2.2: What are the individual, organizational, and policy barriers and facilitators to providing standardized multilingual prenatal and
postnatal education in British Columbia?

Number of times prioritized: 2

• Question 1.1: How do we best measure patient autonomy in the perinatal period?

• Question 1.3: What services and resources exist within British Columbia that support patient mental health, self-care, and patient autonomy in
decision-making? How do we ensure providers are aware of them? How do we emphasize connecting patients to them?

Number of times prioritized: 1

• Question 2.4 What implementation strategies will work to make educational resources accessible across regions in British Columbia? How do
we measure impact?

Discussion

Research Priorities and Implications for Practice
The RAPID project resulted in the co-design of a comprehensive
research agenda for perinatal digital innovation that reflects
provincial strategies and patient experience in British Columbia.
During the project, a series of engagement activities allowed
us to ascertain the current gaps and needs for digital health
interventions for perinatal care and develop a research agenda
that will address these needs. Our research agenda provides a
foundation for identifying, developing, and implementing digital
solutions that are responsive and feasible within the current
British Columbia health care system landscape. The RAPID
research agenda identified a core set of research priorities under
3 interdependent thematic areas that, if addressed, could lead
to meaningful improvements in patient and clinician experience

and health outcomes in the perinatal period. The priority themes
identified are patient autonomy and support when navigating
the health system, patient and provider access to education
resources, and patients’ ability to access health information.
These themes align with the BCDHS and have broad support
from health system leaders.

The research themes identified and research questions prioritized
in this project suggest that further innovation is needed to
properly leverage digital health tools to support perinatal care
in British Columbia. Priority research questions and a major
area of discussion with our patient partners focused on a need
for better digital tools to support self-care and decision-making
across the entire perinatal period, from pregnancy to the end of
the first year of the infant’s life. The ThoughtExchange also
highlighted that, within the British Columbian health system,
there is a limited number of tools in use that clinicians view as
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valuable to care. This results in patients accessing numerous
external digital resources that are not always of quality and
relevance to their care. This agenda can be used to advocate for
change at the provincial level and support the incorporation of
digital health into the health system. Addressing research
priorities identified by RAPID would improve the patient
experience by providing needed solutions that allow patients to
safely interact with their health care professionals through
web-based platforms or through their mobile devices, access
self-care tools and applications, use smartphones or other
devices to manage and monitor their health, and adopt
technology in their health plans.

Digital health innovation as suggested by our research agenda
is appealing because it is not restricted by time or place [13]
allowing for patient empowerment as well as patient
participation in the decision-making of their own health.
Addressing the RAPID research priorities can also improve the
continuity of care and delivery of essential services, something
that all partners in the RAPID project would clearly value. There
is already evidence that digital innovation in perinatal care can
lead to improved health outcomes for both the woman or
pregnant person and their infant [1,12-14]. This agenda
highlights that the perceived value of digital innovations for
patients receiving perinatal care and their families cannot only
be determined by traditional health outcomes. Digital
innovations should also be measured against their ability to
improve confidence and autonomy in decision-making, self-care,
information sharing, and patient and clinical experience.

The digital health sector receives enormous investment, making
available a vast number of solutions varying in quality and
capabilities [17]. The existing literature has provided a broad
understanding of the feasibility, acceptability, and effectiveness
of digital tools outlining advantages and disadvantages [1,12].
However, this continued growth in digital solutions does not
guarantee or equate to an increase in solutions that can be
implemented to meet the actual existing needs of patients,
providers, and health systems [17]. In this project, we used HCD
methods to identify patient needs and priorities for digital
innovation that are aligned with clinical care providers and
health system priorities, but our identified priorities cannot exist
in isolation from the current knowledge of socioecological
factors. Although the RAPID priority research questions are
defined based on need, these must be explored with
consideration for the facilitators and barriers that contribute to
engagement with digital health solutions. Previous research on
digital health use has identified barriers and facilitators to
implementation such as infrastructure, equipment, network
access, motivation, and usability [25,26].

The effort was made to integrate the knowledge of barriers and
facilitators to engagement and uptake of digital health
innovations throughout the research agenda, such as geographic
settings, data-security concerns, and diversity in health concerns.
However, considerations for these barriers and facilitators should
continue beyond what the questions have defined, as we work
to action the agenda. Issues such as connectivity, user
motivation, social support, digital literacy, user-friendly design,
and credibility should continue to be examined throughout
subsequent digital health research.

Strengths and Limitations
This project’s use of a human-centered approach prioritized
patient voices and provided the space for collaborative co-design
of the final research questions. Limiting the number of patient
partners and restricting the number of researchers in the patient
advisory meetings allowed for better quality engagement through
intimate and extensive discussions. The diversity of partners
from across British Columbia allows for more generalizable
results. However, a significant limitation was our lack of
engagement with Indigenous clinical care providers or patients.
There is a need to engage with Indigenous people’s voices
within all of the partner groups before moving research forward
from this strategy. Related to this, although we were able to
collect a diverse group of partners’ opinions and bring these
together to design a comprehensive research agenda, running
the project under a knowledge translation initiative restricted
the amount of data we could collect on engaged participants.
As a result, it may be more difficult for others to apply this
knowledge outside of the British Columbia health system. We
also cannot explore if participant characteristics such as age or
experience level (for health care providers) had any impact on
their opinions of digital health priorities. An additional strength
is our engagement with health system partners throughout the
project, aligning in strategy and garnering early support from
decision makers. As a result, outcomes of research informed by
this agenda are more likely to be implemented and achieve
long-term impact. There was strong collaboration throughout
the project between researchers and knowledge users, allowing
us to lead this work within the health system, leveraging
developed partnerships, and articulating alignment with
organizational goals and patient research priorities.

This HCD approach prioritized patient voices in developing
research priorities; yet, our multipartner codevelopment
approach recognizes that the ownness should not be on patients
alone to identify a solution to the complex issues of perinatal
health care delivery. The emphasis on people solving their own
problems that is core to the HCD approach cannot be directly
assumed in a health care context due to the complexity of the
system and the multitude of interested parties that will be
impacted by any system changes. In positioning our work to
address patient needs while still aligning with health system
priorities, we have aimed to support value-based care efforts in
the British Columbia health system. Focusing further research
and innovation efforts to address the RAPID research priorities
can support improvements in value-based care, as they would
improve outcomes and processes that matter to patients without
an unreasonable increase in health care expenditure.

Conclusions
This project identified clear support and enthusiasm across
partners for digital innovation to improve the quality of perinatal
care in the province of British Columbia. Our research agenda
highlights the need for better patient education and health
information systems that are more accessible to patients and
care providers with the overarching need for digital resources
that can increase patient autonomy in decision-making
throughout pregnancy and the transition to newborn care.
Co-design of this research agenda is a first step in the research
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process. Our priority now is to take action on identified research
priorities. Action can occur through traditional research funding
pathways but also by advocating to our health system partners

to directly address needs identified by the RAPID research
agenda within the health system.
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Abstract

Background: Patient-derived biospecimens are invaluable tools in biomedical research. Currently, there are no mechanisms
for patients to follow along and learn about the uses of their donated samples. Incorporating patients as stakeholders and
meaningfully engaging them in biomedical research first requires transparency of research activities.

Objective: In this paper, we describe the use of participatory design methods to build a decentralized biobanking “de-bi” mobile
app where patients could learn about biobanking, track their specimens, and engage with ongoing research via patient-friendly
interfaces overlaying institutional biobank databases, initially developed for a breast cancer use case.

Methods: This research occurred in 2 phases. In phase 1, we designed app screens from which patients could learn about ongoing
research involving their samples. We embedded these screens in a survey (n=94) to gauge patients’ interests regarding types of
feedback and engagement opportunities; survey responses were probed during 6 comprehensive follow-up interviews. We then
held an immersive participatory design workshop where participants (approximately 50) provided general feedback about our
approach, with an embedded codesign workshop where a subset (n=15) provided targeted feedback on screen designs. For phase
2, we refined user interfaces and developed a functional app prototype in consultation with institutional stakeholders to ensure
regulatory compliance, workflow compatibility, and composability with local data architectures. We presented the app at a second
workshop, where participants (n=25, across 9 groups) shared thoughts on the app’s usability and design. In this phase, we conducted
cognitive walkthroughs (n=13) to gain in-depth feedback on in-app task navigation.

Results: Most of the survey participants (61/81, 75%) were interested in learning the outcomes of research on their specimens,
and 49% (41/83) were interested in connecting with others with the same diagnosis. Participants (47/60, 78%) expressed strong
interest in receiving patient-friendly summaries of scientific information from scientists using their biospecimens. The first design
workshop identified confusion in terminology and data presentation (eg, 9/15, 60% of co-designers were unclear on the biospecimens
“in use”), though many appreciated the ability to view their personal biospecimens (7/15, 47%), and most were excited about
connecting with others (12/15, 80%). In the second workshop, all groups found the app’s information valuable. Moreover, 44%
(5/9) noted they did not like the onboarding process, which was echoed in cognitive walkthroughs. Walkthroughs further confirmed
interest in biospecimen tracking, and 23% (3/13) had confusion about not finding any of their biospecimens in the app. These
findings guided refinements in onboarding, design, and user experience.

Conclusions: Designing a patient-facing app that displays information about biobanked specimens can facilitate greater
transparency and engagement in biomedical research. Co-designing the app with patient stakeholders confirmed interest in learning
about biospecimens and related research, improved presentation of data, and ensured usability of the app in preparation for a pilot
study.

(JMIR Hum Factors 2025;12:e59485)   doi:10.2196/59485
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Introduction

Background
Samples of blood, tissue, urine, and other biological products,
collected from patients during a medical procedure, are
invaluable tools in biomedical research. Reviews estimate that
>600 research biobanks exist in the United States, housing tens
of millions of samples from tens of millions of patients [1,2].
Biospecimens are used in a vast array of foundational,
translational, and clinical research [3-6]. Research on
biospecimens shows exceptional promise in studying cancer
and developing new cancer treatments [4,7,8]. Cutting-edge
specimen preservation methods offer high-fidelity disease
models for genomic analysis, high-throughput drug testing,
advanced imaging, and more.

Typically, leftover surgical samples are collected after a 1-time
informed consent process per the federal Common Rule in the
United States, where patients receive information about the
proposed research [9]. The terms of this consent include no
expectation to follow up with pertinent research results after
the form is signed and samples are collected [10]. In the
transition from clinical by-product to banked research sample,
patient identifiers are removed from biospecimen data [11].
Deidentification is meant to protect patient privacy by removing
identifiable information; however, its conditions preclude
scientists from sharing follow-up information about if, when,
and how they use biospecimens for research [12]. Scientists
receive deidentified biospecimens from the biobank and have
no mechanism to directly communicate personally relevant
insights or engage with the people whose samples they have
received (Figure 1) [10]. Thus, while clinical results from
pathology reports are communicated to patients, information
on how their biospecimens are used and associated research
findings are never shared.

Incorporating patients as stakeholders and meaningfully
engaging them in biomedical research is increasingly recognized
as critical to more ethical and effective scientific advancement

[13]. Patients’ lived experiences can help guide research
questions, priorities, and methodologies, ensuring that the
resulting knowledge aligns with their and their community’s
priorities. Various innovative technologies and techniques have
enhanced patient engagement in research [14,15]; for instance,
the James Lind Alliance method facilitates collaboration among
clinicians, the public, and additional stakeholders, enabling their
opinions to converge and inform the establishment of research
priorities [16,17]. Digital platforms that assemble citizens from
different backgrounds to share experiences and actively
codevelop innovative health strategies have been proposed [18].
However, improving transparency surrounding the nature and
extent of research activities is a prerequisite to achieving true
patient engagement.

Decentralizing biobank information and empowering
biospecimen donors with knowledge about how their samples
are used lays the foundation for fostering trust and transparency
in biospecimen research [19]. This is particularly vital in
rebuilding trust with communities considered marginalized,
which have historically been subject to exploitation and
unethical research practices [20]. Building trust lays the
foundation for further participation by diverse communities and
ensures that research endeavors are accountable to those whose
biospecimens make the research possible [21].

In previous work, we have demonstrated that there is unmet
patient demand for increased transparency surrounding
biospecimen research use [22]. We surveyed patients with breast
cancer (n=109) about their interest in learning about biobank
research and their individual biospecimens [22]. This survey
measured patient interest in a broad range of information that
they could theoretically learn about research on their samples.
Notably, survey respondents were interested in learning
information that is readily available within in local biobank and
research databases, such as whether their samples had been used
in research (66%), details about research conducted on their
samples (53%), and the ability to see images of their
biospecimens if available (68%).
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Figure 1. Biobanking ecosystem: biospecimen supply chain from clinical by-products to institutionalized assets. In the current biobanking paradigm,
personally relevant insights and extra tissue are often wasted, representing lost opportunity to advance patient care and maximize value from donated
biospecimens. CRO: contract research organization.

Objectives
To address the unmet need for greater transparency and
engagement between biobanks and patients, we sought to build
an initial decentralized biobanking app—“de-bi”—to serve as
a patient’s “window” into an established biobank database. We
aimed to build a composable platform that would be accessible
and valuable to patients while being compliant with existing
regulations, composable with data architectures and compatible
with established workflows [23]. By viewing biobank data,
patients can be empowered to “track” what happens to their
biospecimens [24]. A patient-facing mobile app could overlay
and display existing data, serving as a technological tool for
increasing the transparency of research activities and as a
mechanism for directly engaging with patients who have
contributed to research, all within the current frameworks of
consent and deidentification. Composability with institutional
databases would also serve as a source of efficiency, easing the
burden of the initial manual data transfer to an app interface
and setting up easier future automation and scalability. This
tool could then be piloted to measure its impact on patient
participation, understanding, and attitudes about biobanking
and biospecimen research and begin to answer outstanding
empirical questions about effectively fulfilling obligations of
transparency and engagement.

Including patients in the design phase was imperative to the
future pilot’s success. Before the tool was deployed, we sought

to ensure that it was interesting, accessible, understandable,
valuable, and easy and ideally pleasant to use. Here, we describe
the process and results of using participatory design methods
to define, design, and deliver a mobile app that enables patients
to learn about their biospecimens collected for research, the
status of the biospecimens’use in research protocols, and overall
biobank collections, as demonstrated in a breast cancer biobank
setting.

Methods

Overview
This multiphase participatory design study was conducted
among patients of a breast cancer clinic at a large US academic
institution. It consisted of surveys of patients (n=94), six
semistructured in-depth follow-up interviews with five survey
respondents (5/94, 5%), immersive design workshops with
patients (workshop 1: approximately 50 participants, focusing
on a subset of 15 codesign participants), workshop 2: n=25),
and cognitive walkthroughs with individual patients (n=13)
[25]. The data being presented represent a subset of broader
participant engagement, including additional workshops and
encounters with the local community of patients with breast
cancer.

This research occurred in 2 phases (Figure 2). In phase 1, we
designed smartphone screens containing different information
that patients could learn about biobank and research activities
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involving their samples. Embedding these screen designs in a
survey, we sought to gauge patients’ interest in receiving
information about research or their biospecimens. We engaged
a subset of survey respondents in short web-based interviews
to discern their views on the importance of having this
information and their opinions on its presentation and design.
We held a design workshop at which participants gave feedback
on the screens and suggested improvements.

For phase 2, we refined the user interfaces and developed a
functional app prototype. As we developed the app, we consulted
institutional stakeholders to enhance compatibility with
regulations and composability of core app features, with one
another and with local data architectures. We then distributed
the app at a second design workshop, where participants shared
thoughts on the usability and design of the app. In this phase,
we conducted cognitive walkthroughs with individual
participants to observe their success in using the app and to gain
in-depth feedback on its functionality [26].

Figure 2. Overview of study methods.

Phase 1

App Screen Design
We used Whimsical and Figma for the initial wireframes and
Flutter and Adalo for prototyping to develop the initial screen
designs [27,28]. The content of these designs was informed by
previous engagement with this patient population and limited
by the content available within institutional biobank or research
databases and publicly accessible research content. Previous
survey results identified important data points to include in our
patient-facing display and informed its design [22]. Working
with investigators on the biobanking research protocol, their
data managers, and the University of Pittsburgh Institutional
Review Board, we selected data points that would be feasible
and acceptable to return to patients in a future, functional
solution. We then created a sample screenshot presenting a
model set of samples and the corresponding hypothetical data
points.

We designed 3 initial app screens presenting information about
a hypothetical user’s collection of biospecimens in the biobank
(Figure 3). These screens were meant to be viewed sequentially,
with increasing specificity of information presented about

individual biospecimens in the biobank. The interface was
inspired by the term “biobanking” and designed to resemble
many banking apps where users first view a summary of their
accounts and can click through to increase specificity about
each one. Our first screen contained a summary list of a
hypothetical individual’s inventory of donated samples,
including pictures of each. The second screen displayed
high-level demographic information about each individual
biospecimen: an image, its location, and the date it was
collected. The third and final screen showed more details about
each individual sample, such as its ID number, the medical
procedure from which it was collected, the number of the freezer
where it was stored, and more.

A fourth screen was created for potential users to learn about
the biobank collection as a whole (Figure 4). This screen, called
“connect,” showed a list of subcommunities of biobank donors
sorted into groups by their diagnosis code, including summary
statistics indicating how many donors to the biobank shared a
diagnosis (eg, invasive ductal carcinoma). The design suggests
that users might be members of ≥1 of these groups (called
“labs”) and might use their membership to “connect” with other
users, patients, or scientists.
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Figure 3. The 3 “biowallet” screens, as developed in Adalo and featured in the survey, presenting different categories of specimens using accordion
unfolding and individual sample–level details.

Figure 4. Biobank, research, and community screens. These screens, developed with Adalo, illustrate features explored in surveys, interviews, and
workshops, including opportunities to learn about biobanking and specific specimens, follow scientists and learn about individual research programs,
and connect with fellow donors and scientists.
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Surveys and Semistructured Interviews
After developing the initial app screens, we embedded them
into a survey to gather further evaluation and feedback from
patients [29]. We conducted the survey in 2023 with a
convenience sample, recruiting patients via flyers posted in
breast care clinics across the health system. Participants took
the survey on their own devices. IP addresses were used to
identify duplicate entries from the same users. At the end of the
survey, participants were invited to participate in an optional
follow-up semistructured interview to discuss their survey
answers. Survey content was iterated and rotated as app screens
were finalized and in response to saturation of data from
responses and follow-up interviews. Thus, survey data are
presented with the denominator reflecting the number of
participants who received each specific question and chose to
reply. In total, 94 participants completed the survey, of whom
5 (5%) participated in the follow-up interviews (one participant
was interviewed twice; once before and once after her cancer
diagnosis). Demographics of the survey respondents, including
age, race, and cancer stage, are presented in Table 1. The
“Unknown” category represents participants who chose not to
answer that question.

The survey asked participants their level of interest in the
information presented on the app screens. After viewing the
“biowallet” screens, participants were asked which of the
presented data points were of interest to them. After viewing
the “connect” screen, patients were asked whether identifying
and belonging to a subcommunity of donors to the biobank

would be of interest to them and, if so, how they might want to
use the app to connect with others; for example, they were asked
whether they were interested in connecting with researchers
who used their samples from the biobank and, if so, what
information they would like to exchange with them. They were
also asked about their interest in connecting with other, similar
patients who might be members of the same subcommunity (eg,
have the same diagnosis code) and, if so, how.

In the follow-up semistructured interviews, participants and
members of the research team viewed the participants’ survey
responses via screen sharing on an audio-recorded web-based
call. The participant’s survey responses were walked through
one at a time, and the participant was asked to go into further
detail about their reasoning for their answers. These interviews
were meant to validate the survey questions by identifying any
confusing language or images and to gain a deeper
understanding of the motivations, preferences, interests, and
concerns of participants. Each interview lasted 35 to 45 minutes.
Interview participants were selected to represent key
subsegments of the survey population, for example, age,
education, and time from diagnosis.

Survey responses were analyzed, and summary statistics are
presented. Transcripts of the follow-up interviews were coded
for emergent themes in response to each set of screens. The
results from both analyses informed changes to the presentation
of biobank data and adjustments to the design of the screens to
meet participant preferences and clarify content.
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Table 1. Socioeconomic and clinical characteristics of survey respondents (n=94).

Participants, n (%)aDemographics

Socioeconomic characteristics

Age (y)

12 (13)<40

32 (34)40-49

22 (23)50-59

14 (15)60-69

11 (12)≥70

3 (3)Unknown

Race

64 (68)White

10 (11)Other (including multiracial)

20 (21)Unknown

Household income (US $)

12 (13)<35,000

16 (17)35,000-69,999

17 (18)70,000-99,999

27 (29)≥100,000

2 (2)Prefer not to say

20 (21)Unknown

Highest education

1 (1)Did not graduate high school

6 (6)High school

9 (10)Some college

10 (11)Associate degree

21 (22)Bachelor’s degree

17 (18)Master’s degree

9 (10)Doctoral or professional degree

21 (22)Unknown

Clinical characteristics

Breast cancer diagnosis

56 (60)Yes

35 (37)No

3 (3)Unknown

Cancer stage

5 (5)Unsure

4 (4)0 or precancer

22 (23)I

23 (24)II or III

2 (2)IV

38 (40)Unknown

Time from diagnosis

11 (12)≥5 y ago
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Participants, n (%)aDemographics

31 (33)>1 and <5 y ago

14 (15)≤1 y ago

38 (40)Unknown

aDue to rounding, not all percentages sum to 100%.

Design Workshop 1
We sought feedback on the “biowallet” screens, the “connect”
screen, and 2 additional screens: “explore” and “profile.” The
“connect” feature was expanded to include 3 screens showing
a list of all “lab” groups and subcommunities, a description and
membership details of 1 specific “lab,” and an action button to
“add my samples” to a “lab.” The screen called “explore”
contained additional biobank-level data about the collection of
biospecimens. The last addition, “profile,” contained a
hypothetical user-chosen avatar to represent themselves, as well
as a collection of hypothetical achievement badges representing
activities that users might be able to complete both in the app
(“claimed my biowallet”) and in research participation (“signed
a consent form”). It also contained a progress bar indicating the
users’ completion of in-app tasks and achievements. We
presented the second iteration of the screens to approximately
50 members of a local support group for patients with breast
cancer in an embedded participatory design workshop. Members
of the research team presented the screens, gave a short overview
of their contents, and explained the overall intent of
decentralized biobanking as well as the purpose of the dedicated
app codesign workshop.

Participants provided feedback about the overall approach during
a three-day participatory engagement event where the research
team presented to and engaged with the local breast cancer
patient and previvor population in an immersive setting. In this
paper, we focus on describing results for 15 group
representatives who attended a professionally facilitated
in-person codesign workshop where they provided detailed
feedback on individual app screen designs. Participants were
given printed images of the screens, along with stickers—thumbs
up or a heart to signify something they liked, a question mark
to signify something they were confused by, and an exclamation
point or a frowning face to signify something they did not like.
Participants were asked to discuss the screens as a group and
to place stickers on the printed images, either to signal their
reaction to the entire screen or specific parts of the image. Some
groups wrote on the images or in the margins to elaborate on
their responses. As not all participants responded to all app
screens, workshop data for all subsequently described workshops
and cognitive walkthroughs are presented with the denominator
reflecting the number of participants who provided written
feedback on a given screen, page or design element.

The printouts were collected after the workshop, and the
research team performed a content analysis of the sticker
placements and notes left by participants. The identified themes
were considered along with design research synthesis from
expert consultants, as well as analysis of survey responses,
semistructured interviews, and immersive engagement. Taken

together, these themes informed further design changes that
were then incorporated into a functioning mobile app prototype.

Phase 2

App Prototype Development
We developed a functional mobile app using Flutter [30]. The
front-end patient-facing interfaces contained 4 sections:
“biowallet,” “explore,” “connect,” and “profile.” We also
developed a backend data architecture in which real biobank
data could be imported into the app so that users could see
personalized, real-time information about their biospecimens
contained in the biobank collection. During the app’s
development, we consulted with institutional stakeholders to
ensure regulatory compliance and compatibility with existing
data resources to minimize burdens on researchers and data
managers. Elsewhere, we describe a “digital honest broker”
approach that enabled pilot participants to be connected directly
to their own deidentified biospecimens [31].

Design Workshop 2
We held a second design workshop with a second local advocacy
and support group for patients with any cancer type. A total of
25 participants attended. Members of the research team
presented the app screens, gave an overview of their contents,
and explained the intent of the workshop. Participants were then
instructed to access the app on their personal devices and given
a sample log-in leading to a deidentified demonstration account
with biobank-level data and individual biospecimen data
populated. Participants were given a sheet of paper with three
columns—“Things I Liked,” “Things I Didn’t Like,” and
“Didn’t Meet Expectations”—and were asked to write
corresponding reactions as they explored the app freely by
themselves or with one or two other participants. The papers
were collected from nine small groups. Content analysis was
performed to identify common areas of interest, enjoyment,
displeasure, and dissatisfaction.

Cognitive Walkthroughs
During the second design workshop, members of the research
team invited individuals at random to participate in a cognitive
walkthrough to evaluate the usability of the application. Of the
25 workshop participants, 6 (24%) completed the walkthrough
exercise. Participants were asked to perform several in-app tasks
and seek specific information presented in the app while
narrating out loud what they were doing. Members of the
research team observed them using the app and took notes about
their narration, evaluating their success in completing the
assigned tasks.

We held seven additional cognitive walkthroughs with users
recruited from participants in the phase 1 survey who agreed to
be contacted about future research. These participants were
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patients at the collaborating health system and were guided
through the onboarding process that connected them to their
own biospecimen information, if any existed. All users were
able to see the “explore” and “profile” screens. Users who had
also consented to the biobanking protocol (which was manually
verified by the research team) were able to see the “connect”
screen. If the user had samples in the biobank, they could see
the “biowallet” screen populated with real data about their
samples. Participants were led through the same cognitive
walkthrough and asked to complete tasks and seek out specific
information while they narrated their process as researchers
observed and took notes.

Cognitive walkthroughs measure usability by collecting
qualitative, experiential data from users directly. Researchers
can infer usability by noting whether the users understand the
task and are trying to achieve the right outcome, whether they
take the appropriate action to achieve their intended outcome,
and whether they correctly identify their success or the
information sought from them. By having a mix of participants
viewing uniform, hypothetical data and those viewing
personalized data, we were able to gain generalized insights
into usability, as well as insights into the personal value and
added joy or frustration when engaging with one’s own data.
Both sets of participants were asked to create an account;
perform the necessary authentications to populate their
biospecimen data; identify how many of their samples had been
used in research and how many were available; and to find a
protocol that had used their samples, or, if their samples were
unused, to find a protocol that studied their particular diagnosis.

Ethical Considerations
This study was approved by the University of Pittsburgh
Institutional Review Board and quality improvement committees
(IRB22010118, IRB22020035, and QRC3958). Participants
provided informed consent before engaging with the study. The
voluntary nature of the study was emphasized, including that
their decision to participate in the study would have no impact
on their care. Participants were able to skip questions or
withdraw at any time. To safeguard privacy, data were stored
on a secure institutional server, with survey responses
deidentified and stored separately from personal information.
Survey participants were paid US $10 for their participation
upon completion. A subset of survey participants who agreed
to participate in the follow-up interview were paid an additional
US $20.

Results

Phase 1

Surveys
In reaction to the “biowallet” screen, participants were asked
about their interest in using such an app to track their

biospecimens donated to research. Of the 89 respondents, 20
(22%) were extremely interested, 22 (25%) were moderately
interested, 24 (27%) were neutral or not sure, and 23 (26%)
were not interested. Survey questions presented potential app
features related to sample tracking, research feedback, and
community engagement (Table 2), and follow up questions
drilled down on preferences regarding specific design elements
and user priorities.

We next assessed participants’ interest in receiving updates
regarding how, and by which researchers, their samples were
used (Table 2). Participants (61/81, 75%) were most interested
in learning “the outcomes of studies that use my tissues, like
publications or new discoveries.” Of these 61 participants, 14
(23%) provided qualitative details in optional open-ended
follow-up questions, describing how or why they were interested
in learning about research on their samples. For example, one
respondent noted “I believe research participants should have
full access to the data that is collected from them...The idea that
my genetic data is setting in a lab for a variety of research
studies, but I have no access to any of that data or the related
information generated by that data is not fair or in my best
interest.”

The second highest area of interest concerned learning the status
of their biospecimens regarding whether they had been used in
research (45/81, 56%). Only 23% (19/81) of the participants
were interested in seeing how many samples they had compared
to other patients with the same diagnosis. Other data points of
interest were the medical procedure from which their sample
was collected (12/27, 44%), the current location of their sample
(11/27, 41%), and collection details (when, volume, etc; 10/27,
37%).

Subsequently, we asked participants about their broader
preferences for updates from researchers using their
biospecimens with respect to scientific findings, new
developments, and modes of communication (Table 2).
Participants (47/60, 78%) expressed the greatest interest in
receiving patient-friendly summaries of scientific information.
Updates on new drugs or tests that become commercially
available (39/60, 65%) and findings that may inform care (38/60,
63%) were also highly valued. Fewer patients were interested
in updates on new publications (28/60, 47%), patient-friendly
videos (22/60, 37%), study enrollment numbers (19/60, 32%),
and new research grants (15/60, 25%).

In reaction to the “connect” screen, respondents expressed
interest in connecting with other patients. Participants were
most interested in connecting with patients with a similar type
of breast cancer to theirs (41/83, 49%) and patients in their age
group (36/83, 43%). Of the 83 respondents, 24 (29%) were not
interested in connecting with any others. Table 2 details
additional areas of interest.
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Table 2. Interest in potential app features: biospecimen tracking, research updates, and community engagementa.

Survey responses, n (%)App feature interest

Sample tracking (“biowallet”) features (n=81)

61 (75)Outcomes of the studies that use my tissues, like publications or new discoveries

45 (56)Learning if/when my biospecimens are shared with researchers

35 (43)Seeing how my own samples look under the microscope

27 (33)Learning about the individual researchers who are studying my biospecimens

19 (23)Seeing how many samples I have compared to patients with the same diagnosis as me

12 (15)None

3 (4)Other

Research updates (“scientist labs”) (n=60)

47 (78)A patient-friendly summary of the scientific information

39 (65)If there are new drugs or tests discovered that become commercially available products

38 (63)If there are findings that might help my doctor and I make decisions about my care

28 (47)When new publications come out (with access to that publication)

24 (40)Short patient-friendly videos describing the research

19 (32)How many patients are included

15 (25)If there are new grants awarded to that research

Community engagement (“donor labs”) (n=83)

41 (49)Similar type of breast cancer

36 (43)Patients in my age group

30 (36)Patients in the same research study

25 (30)Similar stage of breast cancer

24 (29)None

18 (22)Similar genetic risk of cancer

12 (14)Patient advocates

aThese are not the only survey questions posed, but represent three key areas that were included in the survey. Where appropriate, questions were iterated
to include screenshots of the app designs or concepts as they were refined.

Semistructured Interviews
While learning the outcomes of research on their biospecimens
was identified as a high priority, concerns arose in the follow-up
interviews. Of the 5 participants, 3 (60%) expressed concern
about imposing additional burdens on busy scientists. They had
expressed interest in learning about research on their specimens
but clarified in interviews: “only if it doesn’t take away from
the work” and “I don’t want to bother researchers, who are very
busy” (Table 3). However, participants valued the opportunity
to learn more about their samples; participant 3 expressed how
specimen tracking can provide transparency about “what it’s
[biospecimen] being used for,” implying how transparency may
build trust.

In the follow-up interviews, 3 (60%) of the 5 participants
expressed an interest in and need for communities that connect
patients to research in general, stating that existing patient
organizations were focused on emotional support, living with
cancer, and survivorship rather than on biomedical research or
the latest advances in treatments. Participant 2 expressed
frustration with the lack of medical and scientific expertise in

many patient support groups (Table 3): "...It’s frustrating
sometimes to get the kind of information you’re looking for as
a patient...with metastasis."

One participant undergoing diagnostic workup for cancer
expressed interest in an additional support group, but without
the granularity of connecting with other patients involved in
the same studies. In contrast, one interview participant with a
longer duration of cancer survivorship expressed that they did
not have a need for additional patient connections. Multiple
participants (3/5, 60%) expressed an interest in contributing
additional information to scientists to provide additional context
to their biospecimens. This included integrating data from
genetic tests (eg, 23andMe), wearable devices (eg, Fitbit), and
personal medical histories to support scientists. The motivation
for doing so seemed to stem from the opportunity to “help...the
scientific community, the research for cancer” (Participant 1)
and elucidate “genetic links to breast cancer” (Participant 5).
Participant 3 expressed interest in being informed about “a list
of studies” they might qualify for, indicating a proactive
approach to supporting biomedical research.
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Table 3. Qualitative interview insights. The interview quotes are organized around feature categories of biobanking education, specimen tracking,
connecting with others, and dynamic data sharing. Key standout phrases are italicized,

Emerging themesProposed features (“naming convention”) and interview quotes

Learn biobanking (“biobank”)

Valuing scientific knowledge and approaches• “I totally geek out on this stuff, so as much as you guys are willing to share and whatever
level detail, I’m all about it.” (Participant 1, Interview 2)

• “I would want to know outcomes of the studies. I am kind of a science geek, like that’s
my interest, it’s not the field that I’m in whatsoever, and I was not educated in that, but
I’m very interested. I’ve read a lot about science and especially like bioscience, so I
would say, I would also like to know outcomes, with the studies that use my tissues.”
(Participant 3)

Recognized unfamiliarity with biobanking, limited
expectations and agency of donors within in cur-
rent model

• “Whatever you guys are willing to share is perfectly fine...I just don’t expect that detailed
level of personal information about the researchers, but if they’re willing to share...it’s
fascinating...it’s just not one of the absolutely necessary things, I feel.” (Participant 1,
Interview 2)

• “I don’t expect to have the ability, or even the need to identify specific researchers who
I can go to. It’s like as many people can use that tiny little tumor that you guys got out
of me as possible it’s fine, so what, for whatever purpose and whoever needs it, for
whatever reason, is fine.” (Participant 1, Interview 1)

• “It was my pre-op...my surgeon, and a nurse, she just had a whole pile of papers. It [the
biobanking consent form] was just one more paper she needed to get signed.” (Participant
3)

Specimen tracking (“biowallet”)

Balancing gaining personalized insights versus
resource constraints for scientists 

• “I don’t need to know about all the researchers and everyone who’s touching it. Just in
general, like what you’re looking at and...what you’re doing with it.” (Participant 1, In-
terview 2)

• “I don’t feel the need to have control over any of that stuff—You guys can do with it
what you see fit.” (Participant 1, Interview 1)

• “I don’t want to bother researchers, who are very busy.” (Participant 2)
• “It would be interesting to see my samples, and my tissue, but not necessary, I guess.

So, sort of like an added bonus.” (Participant 5)

Recognition for personalized contributions as a
source of purpose and meaning 

• “I mean, worst case scenario, like these are my few... last few minutes on earth... It would
bring meaning...I’m suffering but I’m suffering for a reason.” (Participant 4)

• “...People are fearful of having their information being used in nefarious ways; I think
this is a way of being super transparent and also involving the candidate...like it’s per-
sonal, it’s something [very] personal, especially for women with breast tissue, very per-
sonal.” (Participant 4)

Community engagement (“labs”)

Some felt existing support groups were adequate,
while others sought camaraderie and citizen sci-
ence

• “Probably in the lines of a support group kind of thing, it would be kind of neat to
see...what other people were experiencing and going through, but not necessarily with
regards to the study itself.” (Participant 1, Interview 1)

• “You have questions in there, ‘Do you want to be connected with other donors?’ and [in
the survey] I said no, ‘I don't use social media,’ but I would use this, and perhaps if I do
have to get surgery or I...perhaps [have cancer]... it’s like people who have dogs from
the same litter, you know it’s like, ‘How’s your pup doing?’” (Participant 3)

• “You know, now that I am talking this through, I would also...need...the type, the stage,
the genetic risk of patients in my age group. I might want any one of those options. I am
thinking futuristically now that it’s become an actual reality or possibility...I would be
more open to connecting to others...beyond the same research.” (Participant 3)

Unmet need for direct connection with scientists,
as opposed to other patients

• “One of the limitations with the patient advocacy groups that I’ve been in so far is that
there is limited expertise in the groups...so it’s frustrating sometimes to get information
you’re looking for as a patient...for example, drugs for preventing metastasis...what are
the researchers recommending at this point [for people like me].” (Participant 2)

• “I think the research is important and I’m just interested in knowing what research is
going on, just because I think it’s interesting, but I wouldn’t necessarily need to know
what’s happening with other patients and their stuff.”(Participant 5)

• “I want to help, do whatever is possible to help research continue, but I don’t feel the
need to use something like this to connect with other people [i.e., patients].” (Participant
5)

JMIR Hum Factors 2025 | vol. 12 | e59485 | p.1018https://humanfactors.jmir.org/2025/1/e59485
(page number not for citation purposes)

Dewan et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Emerging themesProposed features (“naming convention”) and interview quotes

Data sharing (“profile”)

Eager to contribute more specimens and data• “I have the ancestry/23andMe, I do Fitbit stuff, so yeah, that’d be very cool to be able
to incorporate all that...Anything that would help in any way... the scientific community,
the research for cancer, anything, advanced in any way, for whatever reason, whatever
purpose.” (Participant 5)

• “There’s so much that’s not known in terms of...genetic links to breast cancer...I would
share more information if it would help.” (Participant 5)

• “I would like to see a list of studies that I might qualify for, I would provide details about
my medical history or treatment.” (Participant 3)

• “[If] you guys need additional information or stats or blood or anything from me, I’m
more than happy to help.” (Participant 1, Interview 1)

Demand for greater reciprocity and accountability
for data exchange

• “I keep throwing out those ads for...‘All of us’ because they won’t give you any-
thing...that’s my reason for not participating...[since] you have all my genetic information,
you have no idea where it’s going to be five years from now...But you won’t let me have
any access to it.” (Participant 2)

• “I think it’s brilliant and I also think that more people would participate if this were
available...Because I’ve had opportunities in the past, and...the biggest question that I
have, and other people have, even when we’re asked, ‘Would you donate organs’...is the
lack of knowledge about what it’s being used for...that’s what makes people suspicious
and, especially, in an era where we both have like open source, you can find out informa-
tion about everyone.” (Participant 3)

Design Workshop 1
Participants of the first design workshop (n=69) confirmed their
interest in the concept of the app as well as the content of the
app screens and provided valuable feedback on its presentation.
A subset of 15 participants who participated in a dedicated
codesign session documented their reactions to individual app
screens. The “biobank” screens were appreciated by participants
who liked the ability to view the entire collection of one’s
personal samples (7/15, 47%), as well as the sample-level details
under the individual “biowallet” (4/15, 27%), with several
emphasizing the linkage between samples and other medical or
genetic data. Some were confused or upset by the technical
details presented about each individual sample and about some
of the terminology related to their biospecimens (eg, questioning
what it means for a sample to be depicted as “in use”; 9/15,
60%). Of 15 co-designers, 4 (27%) noted that they would have
preferred their samples to be organized chronologically,
corresponding to their lived experience of appointments and
procedures as specimen collection events, rather than initially
stratified by sample type (tissue, blood, urine, organoids, etc.).
For example, one co-designer emphasized: “Everything is
timeline for us [patients with cancer].”

Moreover, 80% (12/15) of co-designers provided positive
reactions to the “connect” screens, where they hearted the
framing of virtual “lab” groups as ‘patient-led’ (5/12, 42%) and
appreciated that there seemed to be actions that a user could
take, such as joining a virtual “lab” and adding their samples
to the group (6/12, 50%). Of the 12, 4 (33%) expressed
confusion about the “lab” groups, including who is supposed
to join them and for what purpose, while 3 (25%) expressed
concerns about the legitimacy of patient-led “labs” because they
might relate to actual future research on their samples, and they
worried about the potential for unmoderated, off-topic, and

illegitimate activity, with 1 participant stating “It should not
feel like social media. To me it should feel more like science.”

The “explore” screen, showing high-level information about
the entire biobank collection of samples, prompted the most
confusion. Of the 14 co-designers who were able to review this
screen, 12 (86%) were confused by ≥1 terms on this page (eg,
“consent” and “protocols”), and 2 (14%) suggested the addition
of a glossary to help users understand. Other co-designers (3/14,
21%) incorrectly assumed that the “explore” page contained
information about an individual’s samples instead of the entire
collection.

Participants also generally misunderstood the intended features
of the “profile” page. Of the 11 co-designers who reviewed this
page, 7 (64%) expressed confusion or dislike of the badges
feature, with concerns that they were “useless,” “not important,”
or excessively similar to features on social media sites, which
they did not like. Finally, 18% (2/11) of the co-designers
expressed concerns about the visibility of individual profile
data, similarly worried about the parallels to existing social
media, where all users can see individual profile pages.

Phase 2

App Prototype Development
Taking participant feedback from phase 1 activities, we
developed a functional app prototype with 4 sections
corresponding to the screen designs. The “biowallet” screens
had been well received, and minimal changes in content were
made. We removed the diagnosis code from the “biowallet”
page to avoid triggering negative memories and emotions in
users. We maintained sample organization by type (tissue, blood,
urine, etc) to more closely resemble the structure of biobank
data, where the type of sample and medium of preservation are
more valuable than the collection date. However, to address
participants’ desire for a chronological arrangement, we listed
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samples from the most recently collected to oldest within the
sample type category. The “biowallet” page also showed a
record of the users’ informed consent to join the biobanking
protocol. Users could click on individual samples to find
information such as size, location, date collected, freezer
number, and more. A generic picture of the corresponding
sample type (eg, a picture of urine crystals under a microscope)
accompanied each sample. Users could see whether each sample
had been used in a research protocol or whether it was still
available in the biobank.

The “connect” feature included patient-led “labs” organized by
diagnosis, as in the original designs. We added a second class
of “researcher-led labs” based on individual researchers who
had used the patients’ samples. Due to the structure of
deidentification of the initial biobank data, the names of the
researchers and details about their work were blinded, with just
a numerical code representing individuals (eg, principal
investigator 4); summary statistics of their work (eg, 6 protocols
using 75 samples); and similar blinded, summary information
about specific research protocols using patient samples (eg,
“Your samples were used in protocol #4, which used 25
samples”). Importantly, displaying this information did not
impose any additional workload or data input responsibilities
on researchers. The patient-led and researcher-led “labs”
featured some cross-referencing. A patient-led group with a
shared diagnosis was linked to researcher “labs” studying this
diagnosis and to protocols using samples with this diagnosis.
Using existing databases, we sorted individual users into the
appropriate patient-led and researcher-led “labs,” adding a third
section, “My Labs,” where users could view just the groups of
which they were members. These 2 new groups of “labs” were
developed to satisfy phase 1 participants’ enthusiasm for
learning about research both in general and specifically about
their samples, while maintaining maximum interoperability
with existing biobank databases and protocols.

We updated terminology on the “explore” page in response to
widespread confusion expressed by participants at the design
workshop. Rather than relying on institutional terms such as
“informed consent,” we framed participation in the biobanking
protocol as being a “member.” For each sample category, we
clarified how many patients were represented and how many
samples there were in response to participants’ confusion about
whether they were looking at 1 person’s samples on the
“explore” page or the entire biobank’s samples. The “explore”
page contained expandable information about the entire biobank
collection, organized by sample type (eg, breast tissue, blood,
and urine).

On the “profile” page, users could view the deidentified code
that links their account on the app to the biobank database,
populating their sample information. Rather than showing a
hypothetical set of badges that users might be incentivized to
collect, which were not well received, we showed just 1
indicator of whether users had successfully been connected to
their sample collection. On the “profile” page, we also developed
short questionnaires about potential future research topics of
interest. This feature served as proof of concept for how the app
might be used to engage participants in research design or be
used as a data collection tool.

Design Workshop 2
The second participatory design workshop aimed to further
validate the clarity and value of the information presented in
the app. In addition, we received feedback on the user
experience of navigating the live app.

All 9 groups of patients participating in this workshop
(consisting of 25 patients total) liked learning the information
presented to them on the app. Of the 9 groups, 3 (33%)
specifically mentioned the “real-time” nature of the information,
with one-third (n=1, 33%) stating that they liked being able to
“follow along” with research. Of the 9 groups, 5 (56%) noted
that they would prefer or require more information before using
the app, such as background materials or guided onboarding,
to better understand the information presented; 7 (78%) wished
for more information (eg, details about research protocols); and
4 (44%) wished for more capabilities (eg, a search bar or the
ability to make their biospecimen data more or less visible to
others).

Of the 9 groups, 7 (78%) noted that the app was easy to use.
However, 7 (78%) of the 9 groups also noted usability and
navigation as something they disliked. Of the 9 groups, 4 (44%)
noted that the onboarding process—downloading the app,
creating an account, logging in, and verifying the user’s
identity—did not meet their expectations or was not liked; 6
(67%) did not like a design feature of the app (eg, the choice of
icon and the order in which the screens appeared); and 3 (33%)
listed unmet accessibility expectations, including the desire for
use on a larger screen or the preference for a web platform rather
than a mobile app.

Echoing concerns from the first workshop, of the 9 groups, 3
(33%) were dissatisfied with the lack of explicit security
assurances or data use terms, while 1 (11%) liked the fact that
users’ identities were not featured on the app and were instead
represented by a unique deidentified code.

Cognitive Walkthroughs
Cognitive walkthroughs with 13 patients also gauged the
usability of the app. The walkthroughs illuminated an onerous
and confusing onboarding process, where participants had to
create an account and submit information to link their biobank
data, after which they received a notification and request for
more information once their biospecimen data were populated
in the app. For users who were participants in the biobank, the
interim waiting period for biospecimen data was as long as 1
week, and users often mistakenly thought they had done
something incorrectly. Nearly all walkthrough participants
expressed confusion and uncertainty about the onboarding and
biospecimen data verification process, even when completed
successfully.

Once they successfully logged in and were able to view
biospecimen data, most of the participants successfully described
their biospecimen data, including how many of their samples
were available for research. Those participants who were
members of the biobank, viewing their own biospecimen data,
were curious as to why their samples had not been used and
expressed a willingness to take action to ensure that their
samples were used in research (eg, by offering to donate more
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samples or to pool samples with other participants). Overall,
the success rates of completing this task indicated the usability
of the app. Lower usability, namely the inability to identify
successful completion of the task, arose in specific contexts
applicable only to those participants who were attempting to
view their own biobank data. Of the 13 participants, 3 (23%)
had consented to participate in biobanking, but none of their
clinical biospecimens made it to the biobank. Thus, their
“biowallet” page showed no samples, although their
“membership” was verified. This was a source of confusion,
and participants incorrectly assumed that they had made a
mistake in the onboarding process.

Participants were able to correctly identify a protocol that had
used their samples or that had studied their disease. These
participants successfully navigated from the “biowallet” screen
to the “connect” screen and correctly understood the information
presented about the protocol they identified. Some of the
participants (7/13, 54%) expressed disappointment in the limited
amount of information presented about the protocol or the
associated researcher. Consistent with the initial survey findings,
participants were most interested in learning the details and
outcomes of the research conducted on their samples or their
disease. In sum, the cognitive walkthroughs showed the usability
of and interest in the app and revealed the need to improve the
onboarding process and to better explain less intuitive scenarios,
such as having no banked samples as a consented biobanking
participant. The walkthroughs also confirmed participant interest
in learning what happened to their biospecimens and about
research on banked biospecimens.

Discussion

Key Findings
Throughout the design process, participants indicated a strong
interest in and demand for learning about biobanking. They
found intuitive value in the ability to track their own
biospecimens. Indeed, participants positively received almost
all of the information presented and commonly expressed a
desire for more. In all phases, participants were most interested
in learning about the research being conducted on their disease
or specifically using their biospecimens, including the results
of this research. They noted that they were not able to find this
information on their own and were not able to satisfy general
curiosity about research by participating in existing patient
advocacy and support groups. These findings add to existing
literature confirming public interest in greater transparency and
engagement in biomedical research [32-36].

Mixed responses about the usability of the app demand further
research and attention. Overall, participants in all stages were
interested in using the app, although the content and presentation
of information needed improvement. Some of the participants
sought language and design similar to that of their medical
records. Presenting research information in this way may make
it more intuitively understandable but may also contribute to
therapeutic misconception by misleading participants into
believing that the research information and participation are of
a similar clinically actionable quality. Thus, careful onboarding

and framing of research information must ensure participant
understanding and offer opportunities to overcome confusion.

Participants expressed a demand for a “legitimate” platform
that did not suffer from what they saw as the risks and ills of
social media: data misuse, a lack of privacy, and the potential
for negativity or misinformation. While mobile phones and apps
are widely used [37], concerns about mobile apps may make
them an unacceptable platform for some. An additional facet
of building trust with participants can be achieved through
transparency surrounding how their biospecimens are being
used. An interview participant expressed the following:

The biggest question that I have and other people
have even when we’re asked you know, would you
donate organs...is...the lack of knowledge about what
it’s being used for.

This approach to rebuilding trust reflects ongoing movements
in biomedical research aimed at improving transparency and
accountability, such as interactive and accessible “data walks”
designed to engage communities and stimulate dialogue [38].

However, the de-identification of biospecimens presents
challenges for direct transparency and engagement. Other
challenges exist as well—meaningful transparency and
engagement with patients is time and labor intensive [39,40].
Even when community engagement is required or encouraged,
there are few tools or guidelines for success, and interactions
may be transient and transactional [40]. Biobanking and
scientific research are deeply technical disciplines that
historically have minimally interfaced with the public, and
require extensive time, skill, and technology to translate into
accessible, meaningful plain language [39]. Finding relevant
patient communities and sustaining meaningful, collaborative
relationships with them might prove beneficial to biobanks, or
scientists themselves, but this is not required, supported, or
incentivized by traditional academic reward systems or many
institutions [41-43]. Engaging patients in biobanking might
fulfill obligations of respect; however, evidence of its long-term
impact on research participation, understanding, and attitudes
is the subject of ongoing work [40].

Our experience confirms the need for specialized skills and
dedicated time and resources to deliver transparency and
engagement effectively and safely. New technologies, eg
blockchain and generative artificial intelligence, are essential
for these endeavors to be more efficient and scalable, but their
development remains time and labor intensive. Participants
were largely unfamiliar with biobanking, research processes or
related jargon. Thoughtful, readily digestible and personalized
education about each unique research context may be a critical
aspect of the app onboarding process. Participants were confused
about less intuitive but common scenarios, such as having
consented to biobanking but having no samples in the bank.
While this confusion may stem from a lack of recall or
understanding of the initial informed consent for biobanking,
delivering follow-up information about actual participation (or
lack thereof) presents new risks of misunderstanding that must
be managed.
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While our study focused on patients with breast cancer, the
demand for transparency and engagement may extend to other
medical fields. We found that the survey participants (61/68,
90%) were most interested in learning the outcomes of research
using their tissue samples. Thus, conditions with active research
and strong patient interest in new treatment paradigms, such as
additional cancer types and sickle cell disease, are potential
areas where this platform may be effective. Further research is
needed to assess the feasibility, acceptability, and effectiveness
of this platform across diverse medical contexts and patient
demographics.

Finally, in light of the strong reception and demand by
participants, it must be acknowledged that returning deidentified,
individual-level research information to participants is
uncommon and unaccommodated by existing paradigms.
Existing data architectures are built for a research enterprise
from which participants are intentionally excluded. Working to
disrupt the paradigm by allowing participants to view research
data and activities presented both technological and regulatory
implications. While participants were unaccustomed to receiving
this type of information and, as a result, sometimes struggled
to understand it, biobanks were also unaccustomed to sharing
this type of information and, as a result, were sometimes hesitant
to do so. Any technological tool aiming to enable transparency
and engagement in research must be acceptable to all
stakeholders. Careful and inclusive co-design is imperative.

Limitations and Next Steps
The patient population we engaged in this work consisted of
only women due to the nature of breast disease. Our participants
were mostly White (64/94, 68%) and were more educated and
had higher incomes than the national average, although they
more closely resembled local demographics. Our participant
population may also reflect self-selection bias—those interested
in learning about research on their biospecimens or in general
may have been more likely to participate in any research,
including ours. Our technology was intended for piloting among
this group and was therefore tailored to their preferences. For
these reasons, further research will be necessary to validate

interest in and usability of the technology in other patient
populations (eg, men and healthy individuals).

Moreover, most of the patients we engaged with throughout all
stages of design and development were unfamiliar with the term
“biobank.” This underscores a key challenge associated with
delivering an accessible and patient-friendly biobanking app.
This variation in patient knowledge regarding biobanking, even
among those who already consented to biospecimen donation,
limits the ability to fully capture and address diverse patient
preferences.

Across the surveys and workshops, questions and app content
were iterated upon as app screens were finalized, new topics
were raised by participants, and data saturation was reached
through survey responses and follow-up interviews. As a result,
the sample size of participants exposed to specific materials
varied, leading to disproportionately lower sample sizes for
certain areas of inquiry. Additional work is needed to investigate
a larger sampling of patients’ design preferences. New
technologies can facilitate meaningful transparency in
biomedical research to patients in a personalized yet efficient
way. This research showed that patients desire transparency and
revealed the specific information they were interested in learning
about their biospecimens. By deeply engaging patients and other
stakeholders in participatory methods, siloed and specialized
research data can be translated into meaningful patient
engagement. We worked to design a mobile app that allows
patients with breast cancer to track and learn about their donated
biospecimens. Surveys, interviews, design workshops, and
cognitive walkthroughs helped to make the app maximally
valuable and usable for patients while maintaining efficient
integration with existing data assets.

By creating this decentralized biobanking app, we built a
platform upon which methods of transparency and engagement
can be tested in subsequent pilots; for example, further research
can measure the app’s impact on patients’willingness to consent
to biobank research, to remain enrolled and engaged
longitudinally, and to actively participate in community-engaged
research.
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Abstract

Background: In health care, the use of nursing technological innovations, particularly technological products, is rapidly
increasing; however, these innovations do not always align with nursing practice. An explanation for this issue could be that
nursing technological innovations are developed and implemented with a top-down approach, which could subsequently limit
the positive impact on practice. Cocreation with stakeholders such as nurses can help address this issue. Nowadays, health care
centers increasingly encourage stakeholder participation, which is known as a bottom-up cocreation approach. However, little is
known about the experience of nurses and their managers with this approach and the innovations it results in within the field of
nursing care.

Objective: This study aims to explore nurses’ and their managers’ experiences with a bottom-up cocreation approach in order
to assess the impact of this way of working and the resulting nursing technological innovations in an academic hospital. This
insight can also inform decisions on whether the bottom-up cocreation approach should be more widely disseminated.

Methods: A qualitative study using semistructured interviews was conducted with 15 participants, including cocreator nurses,
end-user nurses, and their managers. First, the data were thematically analyzed. In addition, a strengths, weaknesses, opportunities,
and threats analysis was conducted.

Results: The various experiences of the participants were described in 3 main themes: enhanced attractiveness of the nursing
profession, feeling involved due to a cocreation environment, and experienced benefits and challenges in using cocreated products.
In addition, numerous strengths and opportunities perceived by the participants were identified as associated with the bottom-up
cocreation approach and resulting useful products within nursing care; for example, cocreation contributed to job satisfaction and
substantially contributed to the ease of use of the innovations that were developed.

Conclusions: The findings underscore that cocreation with nurses enhances the appeal of the nursing profession and aligns
nursing technological innovations with practical nursing challenges. Embracing a culture of cocreation has the potential to foster
a culture of continuous improvement and innovation in nursing care.

(JMIR Hum Factors 2025;12:e60543)   doi:10.2196/60543
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Introduction

Background
Nowadays, technological products and other innovations are
being used more frequently in the health care sector [1-3] to
minimize physical strain, such as lifting patients or transporting
beds, and encourage ergonomic approaches during nursing tasks.
Nurses need to use these innovations during patient care to
manage various health care challenges, such as the increasing
demand and complexity of health care [4,5]. An example of a
technological product, which will be referred to as a “nursing
technological innovation” in this paper, is the TrulyEasy clamp,
designed for convenient 1-handed adjustment of the arterial line
to the correct height [3]. Another example of a technological
product is LineConnector, a product designed to efficiently
organize infusion lines and prevent tangling [3].

Unfortunately, technological solutions aimed at solving nursing
issues do not always align with daily nursing practice [2,6]. A
potential explanation for this lies in the top-down approach used
during the development and implementation of many
innovations. Policy makers may prioritize regulatory and
payment interests, while technicians focus on the functionality
of innovations, without fully understanding the user perspectives
and the nursing context [6-8]. Consequently, some solutions
may inadequately align with the needs of the nursing profession,
leading to limited impact on nursing practice [2,6]. Improving
the adoption of innovations in nursing practice can be addressed
in the development and implementation phase of these
innovations through stakeholder participation [1,5,9-12].

A growing number of health care centers are facilitating an
environment that allows stakeholders to participate in the
development and implementation of nursing technological
innovations [1,6,9,10,12]. This involvement, also called
cocreation [13], with a bottom-up approach [8], involves an
interaction in which various stakeholders work together to
produce an outcome that is valued by all stakeholders involved
[13]. The bottom-up approach allows stakeholders to share their
knowledge or opinions about issues presented in daily activities
and suggest potential solutions [8,14]. This approach can support
the development of nursing technological innovations that may
have an impact on nursing care [1,5,9-12]. FlushEgg is an
example of a cocreated nursing technological innovation. Nurses
reported experiencing challenges and discomfort while flushing
the narrow central lines in neonates. Therefore, a syringe
attachment was designed to enhance comfort in the palm during
the application of pressure [3]. Another example of a cocreated
nursing technological innovation is KoosGuard, which includes
a holder that can be placed in the bed through which the cables
and infusion lines are guided without becoming tangled or
pinched [3].

However, the bottom-up approach requires nurses to invest
time, which is challenging considering many nurses face time
constraints [15,16]. If these nursing technological innovations

lack the required quality, this could result in decreased
application in nursing practice [2,6]. Furthermore, a poorly
developed nursing technological innovation could lead to
resistance from nurses, resulting in a negative attitude toward
these innovations [9,17]. To fully use the potential of
innovations in nursing practice, the innovations need to be
adequately designed, which requires the involvement of nurses
[9,18]. Despite the increasing involvement of nurses in the
cocreation of nursing technological innovations, little is known
about how this approach and its resulting innovations are
experienced by nurses. Therefore, this study seeks to explore
the experience resulting from the bottom-up approach of
cocreation with nurses and the resulting nursing technological
innovations developed through this approach. The perspectives
of nurses, both as cocreators and end users, and their managers
are key to understanding the impact of this collaborative process.
These results could offer a deeper insight into how nurses, both
as cocreators and end users, along with their managers, perceive
the bottom-up cocreation approach and its resulting nursing
technological innovations. A comprehensive understanding of
their experiences, both positive and negative, can significantly
contribute to the overarching goal of enhancing patient care and
nursing practice, making it safer and more effective.

Aim
This study explores nurses’ and their managers’ experiences
with a bottom-up cocreation approach in order to assess the
impact of this way of working and the resulting nursing
technological innovations in an academic hospital. This insight
can also inform decisions on whether the bottom-up cocreation
approach should be more widely disseminated.

Methods

Study Design
This study used an exploratory, descriptive, qualitative research
design using individual interviews conducted at an academic
hospital in the Netherlands between February and April 2023.
This design facilitated the exploration of participants’
experiences, which were further analyzed through a thematic
analysis and subsequently through a strengths, weaknesses,
opportunities, and threats (SWOT) analysis [19]. The methods
and subsequent results were reported according to the
Consolidated Criteria for Reporting Qualitative Research
(COREQ) checklist [20].

Population and Setting
The study population consisted of three subgroups: (1) nurses
with experience in cocreation, (2) nurses with experience as
end users, and (3) health care managers from the nursing
departments at an academic hospital where the innovations were
implemented. In addition, all eligible nurses and managers were
required to have at least 1 year of experience within the nursing
department where the innovations were implemented. The 1-year
experience criterion ensured that nurses and managers were
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sufficiently familiar with the innovations and context. The
setting comprised an innovation department established within
the academic hospital.

Sampling Strategy and Recruitment
To gain more understanding and in-depth information from a
broader perspective, a heterogeneous group of nurses and their
health care managers were included through purposive sampling
[19,21,22]. Potential nurse cocreators and managers for this
study were recruited and informed via an email by OH about
participating in the interviews. Interested individuals were
required to actively contact SvS by email. Upon receiving an
email, SvS responded with a participant information letter and
an informed consent form. Once participants agreed to
participate in the study, interviews were scheduled at a mutually
convenient time. For the nurse end users, SvS visited the nursing
departments where nursing technological innovations were
integrated into nursing practice. Interested nurse end users were
able to participate in an interview during their shifts at a time
convenient for them. The nurse end users were informed via a
participant information letter. After informed consent was given,
the interviews started. The face-to-face interviews were
conducted at the academic hospital.

Sample Size
A total of 14 to 20 participants were required to obtain saturation
of knowledge with a heterogeneous sample group [19].
Therefore, the aim of this study was to include at least 14
participants [19]. The study involved 15 participants, including
10 (67%) women and 5 (33%) men.

Data Collection
Data were collected through semistructured interviews using
an interview guide based on literature and expert opinions [19].

The interview guide covered various topics (Table 1), including
the participants’attitude [23] toward technology, the bottom-up
cocreation approach, and the nursing technological innovations
developed through this approach. It also explored the acceptance
[9,10,23], usability [12,23], and adoption [10,23] of these
innovations in nursing care as well as their impact on patient
care and nursing practice [1,11,12,24]. Demographic
characteristics (age, gender, and specialization), along with the
adoption rate, provided an overview and background information
of the participants in this study. The adoption rate proposed by
Rogers [25] allowed the measurement of individuals’ attitudes
toward innovations, providing valuable insights into how the
participants generally perceive and approach innovations. The
adoption rate according to Rogers [25] was measured by asking
the participants which category they identified with. They could
choose one of the following five categories: (1) driven by change
and introduction of innovations, (2) leading in adopting
innovations, (3) deliberately adopting innovations, (4) adoption
is an economic necessity and a response to social peer pressure,
and (5) have a traditional view and are more skeptical about
innovations [25]. A pilot test was conducted to refine the
interview guide and involved expert assessment and field testing
with one participant. After the interviews, the first author created
memos recording thoughts that arose due to the interviews [19].
The interviews were audio recorded and conducted by SvS, a
nurse with no prior experience at the hospital where the research
took place. SvS was trained in conducting interviews.
Throughout the data collection process, discussions were held
with the research team, including investigators SvS, TvH, and
OH, to refine the interview questions and ensure that they
effectively addressed the research question.
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Table 1. Interview guide topics and prompt questions.

Prompt questions for managersPrompt questions for cocreator nursesPrompt questions for nurses (end users)Topics

Attitude ••• What are your thoughts on the fact
that a nurse from the nursing depart-
ment has made a substantial contribu-
tion to this nursing technological in-
novation?

Can you elaborate on how the co-
creation process began and how it
evolved?

What are your impressions regarding
the fact that a coworker from your
department contributed to this nurs-
ing technological innovation? • What is your opinion on dedicating

time to enable nurses to create and
execute nursing technological innova-
tions for nursing care?

• What is your opinion on dedicating
time to enable nurses to create and
execute nursing technological innova-
tions for nursing care?

• What is your opinion on dedicating
time to enable nurses to create and
execute nursing technological innova-
tions for nursing care?

Acceptance ••• What responses did you observe from
nurses when they were introduced to
the nursing technological innovation
for the first time?

What were your initial impressions
of the nursing technological innova-
tion when you first began working
with it?

What were your initial impressions
of the nursing technological innova-
tion when you first began working
with it?

Adoption ••• What are the viewpoints within the
department regarding the utilization
of the nursing technological innova-
tion?

In what ways do you integrate the
nursing technological innovation into
your daily nursing tasks and respon-
sibilities?

In what ways do you integrate the
nursing technological innovation into
your daily nursing tasks and respon-
sibilities?

Usability ••• What are the experiences of the
nurses regarding the use of the nurs-
ing technological innovation?

What is your experience with the
nursing technological innovation at
work?

What is your experience with the
nursing technological innovation at
work?

Nursing practice ••• What transformations do you observe
in nursing practice as a result of the
application of the nursing technolog-
ical innovation?

What transformations do you observe
in nursing practice as a result of the
application of the nursing technolog-
ical innovation?

What transformations do you observe
in nursing practice as a result of the
application of the nursing technolog-
ical innovation?

Patient care ••• What changes do you perceive in
patient outcomes as a result of the
application of the nursing technolog-
ical innovation?

What changes do you perceive in
patient outcomes as a result of the
application of the nursing technolog-
ical innovation?

What changes do you perceive in
patient outcomes as a result of the
application of the nursing technolog-
ical innovation?

Data Analysis
The semistructured interviews were transcribed verbatim [19].
A 6-step thematic analysis approach (Table 2) was applied using
ATLAS.ti software (version 23; Lumivero) [26]. Open coding
and constant comparison techniques were used during the
analysis [19]. An iterative process was used between data
collection and data analysis. Refining the interview questions
made the collection of the data more focused and specific as
the process developed [19]. Audio recordings were transcribed,

read, and reread by SvS in order to become familiar with the
data. Data were initially coded using open coding by SvS. The
1st, 3rd, 6th, and 10th transcripts were coded separately, both
by SvS and TvH. The initial codes of SvS and TvH were
compared and discussed until consensus was reached. Main
themes were generated through an iterative process, including
constant comparison, and further elaborated and finalized by
SvS, TvH, and OH. A codebook was used for insights into
coding and code development [19].
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Table 2. Thematic analysis.

ExplanationPhase

SvS conducted interviews with the participants and transcribed them. Transcripts were read and reread by SvS
to familiarize herself with the data and obtain an overall impression.

Phase 1: familiarization with the
data

Data were extracted from the transcripts and initially coded using open coding by SvS. The 1st, 3rd, 6th, and
10th transcripts were coded separately, both by SvS and TvH. The initial codes of SvS and TvH were compared
and discussed until consensus was reached. The memos were processed systematically. Codes remained linked
to the transcriptions (quotes) and the data extracts, using ATLAS.ti (Lumivero).

Phase 2: generation of initial codes

SvS developed broad potential main themes by comparing the initial codes. During meetings with SvS, TvH,
and OH, consensus was reached, resulting in potential main themes derived from the data. During follow-up
meetings with SvS, TvH, and OH, a description of the potential main themes was created and deliberated upon.

Phase 3: broader levels of themes

SvS compared the potential main themes with the coded data extracts and the raw data (transcriptions), discussing
inconsistencies with TvH and OH. This process led to the identification of the main themes, which were visualized
with a thematic map. The themes were refined by SvS and peer reviewed by TvH and OH.

Phase 4: reviewing and refining the
candidate themes

SvS revisited the data extracts to define the content of each main theme. In meetings, SvS, TvH, and OH discussed
the essence of each theme and developed the overall story line, resulting in the final naming of the main themes.

Phase 5: defining and naming
themes

SvS drafted the report and included detailed examples and quotes supporting the main themes. TvH and OH
provided feedback, and adjustments were made accordingly. Final recommendations were implemented in the
report.

Phase 6: producing the report

In addition to the thematic analysis, we performed a secondary
analysis using the SWOT matrix. This secondary analysis was
carried out to make the data more accessible for the readers and
support strategic changes within an organization. The SWOT
analysis has been shown to be a valid method in previous studies
for facilitating data interpretation for readers and informing
strategic planning and decision-making in practice [27,28]. In
several meetings, detailed examples of the results, with related
quotes of the main themes, were discussed and analyzed and
subsequently linked to a component of the SWOT matrix.

Rigor and Reflexivity
Different techniques were used to enhance trustworthiness [19].
The credibility of this study was established by the investigators
by creating a nonjudgmental ambiance during the semistructured
interviews to obtain the participants’ perspective. The chance
for bias was reduced by transcribing the content of the
interviews verbatim. Member checking was used to ensure the
accuracy of the transcripts, with participants reviewing the
transcripts to validate their thoughts and ideas [19]. The
performed member check resulted in minimal textual changes
to the data.

Memos were reported during data collection and analysis to
support the investigation process and the thoughts that had
occurred to the investigator. The conformability of the
interpretation and credibility of the data were both enhanced by
investigator triangulation during the data analysis and peer
feedback during researcher meetings, including the investigators
SvS, TvH, OH, and HSMK. Due to peer feedback, potential
meanings and a wider range of perspectives were revealed.
Reflexivity, ensured by the investigator’s critical view of the
interview process and comments from other investigators,
increased depth and improved accuracy.

A thick description was pursued to ensure the transferability of
this study through the diversity of the population base, the
number of participants, and the length of the interviews for

imitability. To enhance the reflexivity and transparency of the
investigators, a logbook was kept, detailing all changes and
decisions made throughout the process of this study [19].

Ethical Considerations
Throughout this study, the principles of the Declaration of
Helsinki and the code of conduct for health research were
followed [29,30]. The study was examined and approved by
the medical ethics review committee of the Erasmus Medical
Center for a nonmedical scientific research application
(MEC-2023-0021). Participants were informed and invited to
the study by OH. They received the investigator’s email and
had 1 week to express interest. Nonresponders received a
reminder. The investigator sent a participant information letter
and informed consent upon contact. Participants could ask
further questions via email. Interviews were scheduled after
participants confirmed their approval. Before the interview,
they provided written informed consent. The participants did
not receive any compensation for their participation in the study.
During the study, data collection was conducted with
confidentiality, and data were processed anonymously according
to the European Union General Data Protection Regulation [29].
Only the investigators SvS, TvH, OH, and HSMK had access
to the source data.

Results

Characteristics of the Participants
The duration of the interviews ranged from 26 to 62 minutes,
with an average duration of 44 (SD 10.8) minutes. Participants’
ages ranged from 20 to 67 years. Various departments, including
the intensive care unit, children’s ward, and the recovery
department, were represented in the study. Table 3 presents
detailed demographic information, including gender, age range,
department, adoption rate, number of nurses participating as
cocreators and end users, and the number of health care
managers.
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Table 3. Demographic data of the participants (N=15).

Participants, n (%)Characteristics

Gender

10 (67)Women

5 (33)Men

Age range (y)

1 (7)20-29

5 (33)30-39

3 (20)40-49

3 (20)50-59

3 (20)60-67

Department

7 (47)ICUa (adults)

2 (13)ICU (thoracic surgery and cardiac monitoring)

2 (13)Center for home ventilator and respiratory disorders in children

1 (7)ICU (children)

1 (7)Recovery

2 (13)Day treatment (children)

Adoption rateb

10 (67)Innovatorc

3 (20)Early adoptersd

2 (13)Early majoritye

0 (0)Late majorityf

0 (0)Laggardsg

Profession

6 (40)Nurse (cocreator)

5 (33)Nurse (end user)

4 (27)Health care manager

aICU: intensive care unit.
bAdoption rate was measured by asking the participants which category they identified with.
cDriven by change and introduction of innovations.
dLeading in adopting innovations.
eDeliberately adopting innovations.
fAdoption is an economic necessity and a response to social peer pressure.
gLaggards have a traditional view and are more skeptical about innovations [26].

Bottom-Up Cocreation With Nurses

Overview
The thematic analysis uncovered the following three main
themes concerning the participants’ experiences with the

bottom-up cocreation approach and resulting nursing
technological innovations: (1) enhanced attractiveness of the
nursing profession, (2) feeling involved due to a cocreation
environment, and (3) experienced benefits and challenges in
using cocreated products. Figure 1 provides a visual
representation of the main themes.
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Figure 1. Thematic map with the 3 main themes.

Enhanced Attractiveness of the Nursing Profession
All participants experienced that the bottom-up cocreation
approach with nurses contributed to the overall attractiveness
of the nursing profession. The nursing profession’s attractiveness
was enhanced as participants were enthusiastic about
participating in cocreation, finding it enjoyable and engaging.
Moreover, some participants felt that they were taken more
seriously as nurses as they were the ones who actually
experienced the problems in practice and were given an
opportunity to use their expertise to address these challenges
and drive improvements in nursing practice:

It makes work more enjoyable. You feel taken
seriously as a nurse. You can share your ideas. You
can use your expertise to improve something. So I
think that’s a lot of fun and very inspiring, and it also
leads to something useful in the end. [P11, cocreator]

Some participants emphasized the importance of having affinity
with cocreation. Most participants felt a sense of pride in having
a cocreation department within the organization and being a
part of a cocreation process. A few participants expressed
modesty about contributing to the cocreation product:

Well, I think we were genuinely proud to be able to
offer the product to the patient. It was a joint effort
and of course it was also very important for us that
our name was set out on the product. So another team
could not say, “Look at this!” It really makes you feel
good if you, if you can make something that you really
like to use, then that is actually really nice. [P8, end
user]

In addition, nurses were more attracted to the profession because
they assumed multiple roles during cocreation. They acted as
developers among designers, students, and the nursing
department, actively contributing ideas and promoting products
within the departments. Some participants expressed that the
opportunity to become involved in cocreation made their work
more interesting, and, due to this, they did not look for
employment elsewhere. Cocreation with nurses was also
inspiring for some participants. It motivated other nurses to
address practical problems encountered during their work and
explore possibilities for solving them:

But you’re then involved in care in just a slightly
different way than in standard care. And that also

gives new energy and new ideas. And maybe other
colleagues could also get new ideas and think, well,
I have seen it a few times now, so what if I can come
up with some ideas like this. Then they might think,
oh well, perhaps this is something that we can also
work on. This could also inspire others. [P13,
cocreator]

Feeling Involved Due to a Cocreation Environment
All participants reported enhanced collaboration through
bottom-up cocreation involving various stakeholders.
Collaboration included clear communication and teamwork
among nurses, designers, and technically oriented students.
Most participants mentioned that collaboration within the
organization increased their willingness to adopt certain products
that were aligned with nursing practice. One participant
preferred internal product development but acknowledged that
external innovations could still benefit end users:

If you get everyone involved, then you will have much
more support and that is also the case with new
things. I have experienced a few times in my life that
we were getting an email on Sunday night. “From
Monday we will do it like this.” Well, then nurses will
be digging in their heels. Whereas if you say, we’re
working on this, and who wants to contribute their
views? Then you create support; much more people
will then be willing to take it from there. [P9,
cocreator]

I like it when the product comes from us, I like that,
but it does not necessarily have to come from us. [P8,
end user]

Some participants highlighted that collaboration among nursing
departments, other hospitals, and organizations contributed to
knowledge exchange, product distribution, and external
production. However, one participant mentioned poor
communication among nursing departments concerning new
developments within the organization:

But we, we do note things, and we share them. It’s
important that you know this. We’re not all working
in separate groups.... On the contrary, a lot of
information is shared among the four of us. Because
we have to intervene and know what the other thinks.
[P10, manager]
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No, that is also very poorly communicated. And the
same applies to these products. [P9, cocreator]

Some participants mentioned encountering practical problems
but found it challenging to address these problems without the
support of an innovation department with a cocreation group.
The presence of such a department allowed the active
participation of nurses and patients in creating specific products.
Furthermore, a subgroup of participants engaged in cocreation
with both patients and their parents, resulting in products tailored
to their specific desires and needs. Patients were enthusiastic
and felt heard, leading to the active use of end-user products:

Yes, parents have been involved in the co-creation
process. That is, in the entire process of designing,
they were not just allowed to give input, but were also
able make direct choices, about what benefits them
the most. [P12, manager]

An aspect experienced by most participants was the need for
support during the cocreation process. Several participants
emphasized the importance of a supportive manager in
facilitating and allocating dedicated time for the cocreation
process. They noted that cocreation was unlikely to occur
without managerial backing. Participants reported that
supportive managers who recognized the value of cocreation
and its potential to save time in nursing care were more proactive
in addressing and resolving practical problems:

Managers can stimulate it. I think that people working
in healthcare can be very creative, but often think,
what shall I say, in boxes, because it’s not possible,
because we’re too busy. But actually that is such a
shame, because we just have a lot to offer and we
have the knowledge and experience to be able to
create something beautiful. And I think if a manager
who (A) stimulates and (B) gives the space that is
required, this will ensure that people are more
motivated to contribute. Because they’re aware that
improvement is possible. [P11, cocreator]

Experienced Benefits and Challenges in Using Cocreated
Products

Benefits

Participants found the products resulting from the bottom-up
approach to be highly practical and user-friendly when used
during their nursing tasks. All participants expressed immediate
positivity toward the product due to its straightforward design.
They could use the product without needing special training.
Nurses also immediately experienced positive outcomes during
their tasks. For instance, one participant mentioned that a newly
created clamp for placing pressure transducers at the correct
height on infusion poles improved nursing efficiency. They also
reported that this clamp alleviated wrist complaints:

It is faster, yes, you press it and put it on the pole,
loosen it and put it back on the transport cart. [P6
end user]

Some participants found that the products improved their ability
to organize and manage nursing tasks. For example, a product
named KoosGuard contributed to an improved organization of

patient monitoring wires, providing enhanced structure during
nursing care. Another product, the cannula emergency bag,
ensured that nurses, patients, and parents had all the materials
neatly arranged in case of an emergency, enhancing
preparedness and efficiency:

Overview yes, you immediately have a clear overview.
Because it’s easy to open it, everything is in place
and it’s compact. And because it was developed
together with the parents and the nurses, of course,
they really like that. It fits their needs. [P12, manager]

Several participants emphasized the importance of the products’
quality and safety. Participants highlighted that the professional
appearance of the product and its suitability for nursing practice
served as indicators of quality. Participants reported that these
well-suited products reduced the need for makeshift solutions,
resulting in fewer inconvenient situations during their work:

Yes, the well-known example is that we often use
band-aids and things, but that is to help you out for
the time being. But practice has already shown that
there are much more convenient solutions. [P11,
cocreator]

Certain participants emphasized the role of the products in
enhancing patient safety. Participants noted that a specific
product effectively prevented infusion line entanglement and
tension, thus reducing the risk of accidental removal. In addition,
participants mentioned a product designed to decrease the risk
of postsurgery wound contamination, promoting improved
healing outcomes:

You really want those lines to be properly arranged.
To make sure that not one of them is hidden from your
view, because if one of those lines is pulled, the
infusion may accidentally get disconnected or the
patient can accidentally end up lying on top of that
line because you can’t see it. [P14, manager]

Challenges

In addition to the benefits of the products, participants also
experienced some challenges in their use. Some participants
mentioned that some product designs had flaws, which hindered
their effectiveness. For example, a participant heard from some
patients that they still thought that the cannula emergency bag
was too large to be used conveniently, and, due to this, it was
no longer used. In addition, it was indicated that some products
looked disposable, so nurses threw them away:

The only negative feedback came from a patient. She
just thought the bag was too big. [P8, end user]

A few participants pointed out that some products were prone
to getting lost or becoming untraceable. It was emphasized that
these products should be readily available to nurses at designated
and standardized locations. Otherwise, the product will be used
less or not used at all. Furthermore, some participants shared
their struggle with making changes, leading to a heightened risk
of reverting to old routines:

Then it takes a lot of time anyway. And you think:
well, I’ll just do it in the old-fashioned way, using a
gauze. [P3, end user]
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SWOT Analysis Findings
Detailed examples of the main themes were divided into the 4
components of the SWOT matrix. Multimedia Appendix 1
presents an overview of all the main themes, along with detailed
examples, illustrative quotations, and the corresponding SWOT
categorization. The “strengths” and “weaknesses” encompass
the experienced advantages and disadvantages associated with
the bottom-up cocreation approach and the products developed
through this approach. The “opportunities” and “threats” are
examples that could be associated with potential future
opportunities and challenges of the bottom-up cocreation
approach and developed products. Most of the examples were
connected to the components “strengths” and “opportunities.”

Discussion

Principal Findings
In this study, we sought to explore hospital nurses’ experience
with a bottom-up cocreation approach and the resulting nursing
technological innovations developed through this approach.
Notably, through a SWOT matrix, we mainly revealed positive
experiences of participants cocreating nursing technological
innovations, with several strengths and opportunities.
Participants’experiences can be described in 3 themes: enhanced
attractiveness of the nursing profession, feeling involved due
to a cocreation environment, and experienced benefits and
challenges in using cocreated products. The findings indicate
that participants found the nursing technological innovations
easily applicable in nursing practice due to their user-friendly
design, the ability to enhance nursing efficiency, patient safety,
and time-saving potential during nursing work. A collaborative
culture may lead to higher work satisfaction among nurses,
inspire cocreation, and promote nursing pride.

Comparison With Prior Work
This study shows how cocreating nursing technological
innovations positively impacts the attractiveness of the nursing
profession. The attractiveness of the nursing profession was
enhanced by nurses finding joy in their roles, feeling a sense of
pride, and being taken seriously in their work. This aligns with
findings from a cross-sectional study, which emphasizes the
significance of decision-making involvement in health care
services, such as equipment, technologies, and processes for
employment preferences of nursing students [31]. In addition,
it aligns with a systematic review indicating that an increase in
career opportunities and challenges positively impacts nurse
retention. It reduces nurses’ desire to leave a particular
workplace [32].

Furthermore, this study emphasizes several collaboration
advances due to a cocreation environment within the
organization, such as clear communication and teamwork among
nurses, designers, and technically oriented students. Moreover,
a cocreation environment within the organization contributed
to knowledge exchange, product distribution, and external
production. An in-depth case study [14] reinforced the
importance of an innovative environment within the
organization. It could increase the diffusion of nurse-led
innovations within and outside the organization. Particularly,

managers seem to have an important role in collaborating and
communicating with each other about innovations and
supporting working methods in nursing departments. Existing
literature [33,34] reinforces the notion that supportive leadership
is crucial for fostering a culture of innovation and enhancing
the sustainability and impact of health care innovation settings.

In addition, this study shows that innovations cocreated with
nurses led to multiple benefits for nursing practice. Cocreated
nursing technological innovations were described as
user-friendly, highly practical, and easy to integrate into nursing
tasks, consistent with findings from a quasi-experimental study
[35]. In this quasi-experimental study, trained innovative nurses
were able to identify issues in nursing practice and apply
creative thinking strategies to create innovative products that
matched their nursing work routines. Furthermore, the cocreated
nursing technological innovations met nursing quality
requirements and reduced the need for improvised solutions,
thereby minimizing inconvenient situations in nursing practice.
Patient safety was also enhanced by the cocreated products,
which prevented issues such as infusion line entanglement and
reduced the risk of wound contamination. The incubator traffic
light is an example from the literature of a cocreated nursing
technological innovation that meets quality standards and
enhances patient safety. The incubator traffic light features a
visual feedback system for neonatal incubators designed to
enhance hand hygiene compliance [1,2]. Incubators with the
incubator traffic light visual feedback system demonstrated
significantly higher compliance with the correct drying times
compared to those without this feature. This could potentially
enhance patient safety by reducing infection rates in neonatal
intensive care units [1]. Although the cocreated nursing
technological innovations offered several advantages, the study
also encountered certain challenges in their use, for example,
flaws in the design of the innovations, which hindered their
effectiveness or ability to make changes in the nursing routines.
This study shows that changes in nursing processes may increase
the risk of reverting to old routines, which aligns with findings
from a cross-sectional survey that indicated how changes in
nursing work processes could influence established work habits
[36].

While this study did not include patients or parents directly, the
participants acknowledged the significance of their perspective
during the innovation process. It was mentioned that some of
the cocreated innovations were developed in collaboration with
patients and parents, resulting in innovations aligning with their
expectations and needs. This is consistent with existing
literature, where patients, family caregivers, and clinicians
cocreated a mobile health app for heart failure self-management
tailored to the specific health care context [37]. Furthermore, it
matches with a qualitative co-design article including family,
physicians, researchers, patients, and industry partners. The
study revealed important differences between the participants’
preference for functional requirements of a mobile health app
[38].

Limitations
Limitations of the study include its single-site focus on a specific
academic hospital and limited transferability to other health
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care settings [19]. Furthermore, there may be a sampling bias,
as interested individuals were required to actively contact the
investigator via email to participate in this study. These
individuals might have been more likely than other professionals
to embrace the innovations and encourage their adoption within
their teams. In addition, all the participants scored themselves
above average on the adoption rate scale (Table 3), and 10 (67%)
of the 15 participants considered themselves to be “innovators”
[25]. Literature shows that only 2.5% of the population belongs
to the group of innovators [25]. This suggests a potential bias
in the participant group. Including nurses as cocreators may
have introduced selection bias, as their enthusiasm and
assertiveness toward innovations may have influenced the results
in a more positive manner [39]. Finally, the sample size
consisted of 6 (40%) nurses as cocreators, 5 (33%) nurses as
end users, and 4 (27%) managers. The limited insights from the
managers’perspective may affect the comprehensiveness of the
findings in the study [19].

Implications and Further Research
The findings of this study suggest several implications. Health
care organizations could consider adopting the bottom-up
cocreation approach with nurses as it has the potential to
enhance nurses’ work satisfaction, a sense of pride among
nurses, and adoptable nursing technological innovations in
nursing care. Furthermore, cocreation can contribute to
accessible collaborations between stakeholders inside and

outside the organization. In addition, cocreation with nurses has
the potential to facilitate the development of innovations that
enhance the efficiency of nursing work. Simple, professional,
and time-saving innovations created through this approach could
improve nursing practices.

Further research is recommended to explore the impact of the
bottom-up cocreation approach and the resulting nursing
technological innovations in other health care centers, aiming
to improve the transferability of this way of working. Moreover,
to better address patients’ expectations and needs during the
cocreation process and resulting innovations, further research
is recommended to investigate their experiences throughout the
cocreation process and its outcomes.

Conclusions
This study highlights substantial positive experiences of
cocreating nursing technological innovations in nursing care.
The findings underscore that cocreation with nurses enhances
the appeal of the nursing profession. Participants perceived
cocreation as enjoyable, leading to heightened work satisfaction
and a sense of pride in their nursing role. Moreover, cocreation
with nurses fosters the development of nursing technological
innovations that align with nursing practice challenges, thereby
facilitating their adoption within nursing care. Ultimately,
embracing a culture of cocreation has the potential to foster
ongoing improvements and innovations in nursing care, further
contributing to the professionalization of the field.
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Abstract

Background: Increasing use of computational methods in health care provides opportunities to address previously unsolvable
problems. Machine learning techniques applied to routinely collected data can enhance clinical tools and improve patient outcomes,
but their effective deployment comes with significant challenges. While some tasks can be addressed by training machine learning
models directly on the collected data, more complex problems require additional input in the form of data annotations. Data
annotation is a complex and time-consuming problem that requires domain expertise and frequently, technical proficiency. With
clinicians’ time being an extremely limited resource, existing tools fail to provide an effective workflow for deployment in health
care.

Objective: This paper investigates the approach of intensive care unit staff to the task of data annotation. Specifically, it aims
to (1) understand how clinicians approach data annotation and (2) capture the requirements for a digital annotation tool for the
health care setting.

Methods: We conducted an experimental activity involving annotation of the printed excerpts of real time-series admission
data with 7 intensive care unit clinicians. Each participant annotated an identical set of admissions with the periods of weaning
from mechanical ventilation during a single 45-minute workshop. Participants were observed during task completion and their
actions were analyzed within Norman’s Interaction Cycle model to identify the software requirements.

Results: Clinicians followed a cyclic process of investigation, annotation, data reevaluation, and label refinement. Variety of
techniques were used to investigate data and create annotations. We identified 11 requirements for the digital tool across 4
domains: annotation of individual admissions (n=5), semiautomated annotation (n=3), operational constraints (n=2), and use of
labels in machine learning (n=1).

Conclusions: Effective data annotation in a clinical setting relies on flexibility in analysis and label creation and workflow
continuity across multiple admissions. There is a need to ensure a seamless transition between data investigation, annotation, and
refinement of the labels.

(JMIR Hum Factors 2025;12:e56880)   doi:10.2196/56880
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Introduction

Background
Artificial intelligence (AI) is a field concerned with leveraging
computers to mimic human cognitive functions, such as
problem-solving and decision-making [1,2]. Depending on the
task, this process can use a variety of methods and take many
forms ranging from relatively simple rule-based expert systems
(following if-then pathways) through regression (modeling the
relation between different variables to predict their values) and
clustering (grouping objects with similar properties together)
to more complex systems such as artificial neural networks
(computing systems imitating the anatomy of human brains
capable of modeling nonlinear processes) [1,3,4]. Particularly
complex problems may require solutions that cannot be achieved
by traditional approaches, such as preprograming the desired
behavior. Instead, techniques such as machine learning (ML)
form a subset of AI in which the algorithms are used to analyze
large amounts of data to derive a method for computing a
solution [5]. In ML, the practice of arriving at a solution is called
“learning” (or training), and the produced output is known as
the ML model. The heavy reliance on data in ML highlights the
importance of ensuring the appropriate quantity and quality of
data and signifies its impact on the effectiveness of the created
model [6]. The continuously increasing popularity of ML and
its rapid adoption rate in life sciences suggest that AI is at the
forefront of bringing innovation to health care [7,8].

Intensive care units (ICUs) are busy and complex health care
environments where critically ill patients frequently require
continuous monitoring and multiple-organ support. To provide
care for those patients, clinicians working in the ICUs use a
broad range of medical devices, such as ventilators, monitoring
devices, and intravenous pumps and lines among many others.
The information captured by those devices, as well as that
entered by the ICU staff, is collected and collated in a clinical
information system, which enables health practitioners to access
large quantities of data routinely required as part of their job.
This data-rich nature and the direct influence of data on the
provision of care provide a tremendous opportunity for the
deployment of ML models in health care and in particular ICUs
[9].

While the data gathered in the ICUs can often be used directly,
for example, to present the correlation between different vital
signs and the patient prognosis, complex tasks that rely heavily
on clinical experience and expertise may require human
involvement to provide further guidance [10]. This guidance,
most frequently referred to as labels or annotations [11], can
deliver additional information or context to the existing data.
An example of such a label could be a “yes” or “no” indicator
of whether a patient is ready for discharge, or the type and size
of tumor present on a radiograph. With this further knowledge,
ML models can take advantage of the human experience to
tackle complex problems and deliver solutions that could not
be inferred from raw data alone [12] (Figure 1).

Figure 1. Annotating data can provide additional information and context necessary to train machine learning models.

While the large volumes of data available in intensive care offer
significant opportunities, working with these data also presents
a unique set of challenges, as the effort required to annotate the
dataset increases proportionally to its size [13]. Furthermore,
the complex nature of the health care data and the fact that
applying a single label can require clinicians to look at multiple
parameters, patient history, and laboratory results make the
annotation task highly labor-intensive. With the clinician’s time
being a remarkably valuable resource, ensuring the effectiveness
of the data annotation workflow is paramount. The lack of an
annotation system tailored to the unique nature of the health
care data (eg, accessing a subset of relevant variables from a
list of potentially hundreds of parameters [14]) further
complicates this problem.

In addition to the difficulties associated with working within
clinical settings, it is equally important to consider the inherent
challenges of data annotation in their own right. These include
the need to account for multiple different types of bias that could
be introduced throughout the process [15]. For example, the
annotators themselves may have their own preferences and
preconceptions that will guide the approach they assume when
annotating data. This could stem from the amount and diversity

of their clinical experience in a context specific to the annotation
task, such as the familiarity with the clinical problem, the
specific population within which they have treated it, or even
the specific tools and methods they have used in the past.
Similarly, by annotating historical data that span the entire
duration of the admissions, annotators may create labels with
an inherent temporal or selection bias. Alternatively, annotators
tasked with creating specific annotations may focus on a subset
of the admission where they would expect to create the
annotation, such as reliance on medication, which may decrease
toward the end of the admission but could equally change
throughout its overall course.

Current literature on the applications of computational methods
within health care highlights data annotation as a primary
bottleneck in the ML pipeline [16]. This effect is attributed to
the need for domain-specific knowledge and therefore access
the expert population, as well as the considerable investment
of their time [16-18]. Because of this, existing methods aim to
reduce the number of required annotations required for positive
results by using a variety of techniques including active learning
[17], machine-assisted annotation [19], or synthetic data
generation [20]. Nevertheless, the majority of studies continue
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to rely on human annotations in the cases where labels cannot
be easily derived, or are inadequately documented in structured
data [16]. Designing a tool for the annotation of large clinical
datasets is therefore a problem that needs to be approached
carefully. The expert nature of the annotators means that both
their numbers and time are limited and are therefore resources
that need to be used efficiently [16]. Furthermore, clinical
datasets frequently aggregate data spanning several years,
resulting in a volume of data that is infeasible for manual
annotation, suggesting a need for a semiautomated approach
that could scale up to an entire dataset with limited input from
the domain experts.

Involving end users in the design process of new tools prior to
their development is an important aspect of designing effective
software [21]. It minimizes the risk of creating a system that is
inefficient and helps ensure that the developed solution meets
users’ expectations and requirements [22,23]. In the context of
the data annotation software used by experts in intensive care,
this participatory design is especially critical, as each of the
variety of roles (eg, junior doctors, doctors, nurses, and
consultants) can generate a unique set of requirements.
Furthermore, while the staff working in the ICUs are experts
in the medical domain trained to treat patients, extracting their
knowledge through data annotation is an entirely different
process. For this reason, it is crucial to deploy a strategy that
will ensure that the design of the tool follows a structured and
systematic approach that can capture a wide variety of
perspectives from its end users while also accounting for the
needs and priorities of the data science experts who will use the
created annotations.

Objectives
The primary objective of the research is to establish a set of
criteria for the design of a data annotation tool that can be used
effectively by clinicians to annotate time-series datasets from
intensive care. To achieve this goal under the limitations of
working within the health care setting, the system needs to
account for limited access to the annotators and large volumes
of data. Finally, to ensure the efficiency of the process, the
subtleties of how clinicians approach the problem of data
annotation need to be understood and accounted for in the
design. The overarching goal is, therefore, to gather
requirements for a data annotation platform that is purpose-built
for the intensive care data and clinicians and, as such, one that
facilitates an efficient annotation workflow in that domain.

Methods

Study Design
To understand how clinicians approach and reason about the
data annotation process, we conducted an experimental study
that involved members of the clinical staff from the ICU
manually annotating excerpts of time-series data printed on
paper. Observations taken during task completion served as a
basis for analysis and were used to derive the requirements for
the data annotation software. This choice of methodology was
influenced by constraints associated with working within the
clinical setting, such as the high demand and short supply of
participants’ time, and the direct relationship between the task

completion and the requirements for the digital tool, which
allowed for a natural and unobstructed data collection.

Participant Recruitment
Our participant recruitment followed a mixture of convenience
and snowball sampling comprising an invitation email sent to
the staff working in the ICU who had prior experience with
mechanical ventilation treatment and signposting through the
internal network at our research site—University Hospitals
Bristol and Weston NHS Foundation Trust. This recruitment
process yielded a sample size of 7 participants across 2 distinct
job roles (6 junior doctors and 1 doctor), which provided limited
feasibility for suitable analysis of the interrole differences in
approach to annotation but was sufficiently rich for establishing
the software requirements for the tool we set out to design.
Comparative sample sizes can be observed in similar research
in the field [24-26]. Before data collection, the annotation task
was piloted with a clinical member of our team experienced in
mechanical ventilation treatment, as well as 2 other members
of our team from the ML background. The insights collected
from the pilot activity allowed us to refine the set of clinical
parameters used throughout the activity, devise the inclusion
criteria for the underlying admissions, and diversify the data
extracts to form a sample representative of a typical dataset.
Our research site had a preestablished research partnership with
the University of Bristol and a technologically enhanced ICU
with widespread adoption of digital systems.

Theoretical Framework
To analyze the participants’ actions performed during the
simulated activity, we used a framework that served as a basis
for characterizing the data annotation process and identifying
the challenges and opportunities associated with performing
the task. Our framework followed the Norman’s Interaction
Cycle (NIC) model which assumes that the interaction is a
process of evaluation and execution between the user and the
technology [27]. It outlines a 7-step process that begins at the
goal and, through evaluation of available means and strategies,
as well as the execution of these strategies, leads to achieving
that goal in practice. The framework emphasizes the breakdown
of the preproduction stage into planning (formulating the
problem that needs to be solved), specification (outlining the
strategies that can be used to tackle the problem), and
performance (specifying actions that need to be taken to deploy
the strategy). Furthermore, it highlights the importance of
presenting the user with feedback over 3 separate stages
including perception (tracking the outcome of performed
actions), interpretation (analyzing the effect of the outcome),
and comparison (evaluating whether their actions resulted in
achieving the goal) [27]. Finally, the model captures the
disparities between user intentions and actions permitted by the
technology (gulf of execution) and the effort required to
correctly interpret the results of their actions with regard to the
desired outcome (gulf of evaluation) [27,28].

Data Collection
To facilitate data collection, we simulated a data annotation
activity involving manual annotation of real intensive care
patient data using pens and highlighter pens on excerpts of data
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printed on paper sheets. The data were formatted to resemble
the clinical information system present at the research site and
displayed patient demographics in addition to a table with
time-series data. Each column of the table corresponded to an
hour of the day and each row corresponded to a specific
parameter; the table’s cells contained the readings of a parameter
for a given hour (Figure 2). The outline brief for the activity
prompted participants to create annotations, allowing them to
create multiple annotations for a single admission. Crucially,
no additional instructions were provided regarding the
annotation format. Before the data collection, the activity was
piloted internally with an experienced intensive care consultant
(CB) and 2 ML experts (RSR and CMW), which helped us
establish inclusion criteria for the selected admissions, broaden
the characteristics of our admission sample, and refine the

included parameters. The activity took place as a single
in-person workshop, lasting approximately 45 minutes, during
which each of the 7 participants annotated the same set of 5
unique admissions (Figure 3).

Participants were observed for the duration of task completion
by a single observer who took field notes throughout the entire
activity. These field notes captured the interactions of the
participants with the annotation tasks and described the actions
taken when annotating specific admissions, how multiple
admissions were annotated, and questions asked by the
participants during the task. The collected notes were then
aggregated across the different stages of NIC and the annotated
printouts were collected and used to supplement the analysis of
the methods used by the participants to label the data.

Figure 2. The provided excerpts of time series data were formatted to resemble the interfaces of the clinical information system present at the research
site (the depicted table contains data for illustrative purposes only and is trimmed for conciseness). FiO2: fraction of inspired oxygen; ICU: intensive
care unit; PCWP: pulmonary capillary wedge pressure; PEEP: positive end-expiratory pressure.

Figure 3. Participants annotated data in a variety of ways using pen and paper during the workshop held in the intensive care unit.
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Task Selection
Capturing data labels in a manner representative of the general
annotation process relied on selecting an appropriate task. On
the one hand, the desired label could not be trivial and needed
to pose a significant challenge, complex enough to prompt an
in-depth analysis of the data. On the other hand, this task also
needed to fall within the subset of domain knowledge that
participants were familiar with and could therefore solve with
a relative degree of confidence. Annotating weaning from
mechanical ventilation satisfies both of these criteria due to its
challenging nature and the relative bias of the person who
performs it. The process of weaning can be characterized by
great variability in practice [29], in which both the timing of
when the weaning begins and the method in which it is delivered
largely depend on the clinician in charge of the treatment
[29,30]. Together with the lack of personalized guidelines [31]
and a wide variety of ways in which patients can be weaned,
mechanical ventilation weaning constitutes a label that is
difficult to derive from data and requires domain expertise,
which makes it suitable for this task. While in the context of
mechanical ventilation the term “weaning” comes with an
inherent ambiguity due to a number of conflicting definitions
[32-36], for the purpose of this activity it was explicitly defined
as “the reduction of support delivered by the mechanical
ventilator with an end goal of extubation.” Consequently, the
activity brief prompted participants to annotate periods during
which mechanical ventilation weaning takes place and allowed
multiple annotations for any individual admission.

Admission Data
The data used in the activity came from a deidentified intensive
care dataset called “Medical Information Mart for Intensive
Care IV version 2.0” [37]. The eligibility criteria required that
subjects were at least 18 years of age at the time of admission,
had undergone an invasive mechanical ventilation treatment
that lasted for a minimum of 24 hours, their stay in the ICU
lasted for a minimum of 4 days, and that their stay did not end
with death, including up to 48 hours after discharge. The
time-series parameters used in the data extract were limited to
those relevant to mechanical ventilation weaning and were
selected by 2 independent clinicians working in the ICU. The
data were extracted using a structured query language script run
on the PostgreSQL installation of Medical Information Mart
for Intensive Care IV version 2.0 with the concept tables
computed [38]. The script aggregated the selected parameters
on an hourly basis for each eligible admission and limited it to
the range surrounding the period of mechanical ventilation
treatment.

Ethical Considerations
This work was approved by the Faculty of Engineering Research
ethics committee at the University of Bristol (case 2022-150,
research ethics committee reference 22/HRA/2166). Information
regarding the study was circulated with the invited participants
electronically alongside the recruitment email. Informed consent
was captured electronically using digitally signed consent forms
prior to enrollment in the study. Data obtained from this study
were deidentified and stored securely in an encrypted database.
The access to the database was password-protected and only

the research team had access to these data. All participants were
able to quit without any explanation at any point during the
study. Participation in the study was voluntary, and no financial
or other form of compensation was provided to the participants.

Results

Data Annotation Analysis
During the simulated data annotation activity, we observed
participants following a series of discrete steps when annotating
data. To understand how these actions fit into the annotation
process, we analyzed the observations in the context of NIC
and aggregated them into the distinct phases of the model.

Planning
Following the distribution of the printout sheets containing the
admission data, participants began the process of familiarizing
themselves with the data. This stage involved selecting a single
excerpt from the available admissions, analyzing the patient
demographics, and browsing through the time-series data.
During the process, participants frequently cycled through the
entire length of the time-series data from the initial admission
until discharge and back.

Specifying
Upon familiarization with the specific admission, participants
began searching for individual points in time suggestive of the
weaning taking place. Some participants preferred to start with
the end of treatment, where weaning led to extubation, while
others analyzed the data to find the points in time when weaning
began. This involved focusing on specific parameters (as
suggested by following the specific rows with the pen tip) while
browsing through the time-series data across different columns.

Performing
Upon finding the thresholds for the start or end of weaning, the
participants annotated the printed sheets directly. To create the
labels, a variety of techniques were used, which differed both
between the individual annotators and the distinct admissions.
These included circling the start and end dates in the header
row of corresponding columns, drawing vertical lines on the
edges of the columns to mark the start and end periods, and
drawing a box around the portion of the dataset spanning the
duration of the label. Similarly to the analysis process, some
participants preferred to first annotate the end of the weaning
process, rather than its start. In some cases, participants also
provided additional information in the form of written comments
that justified the created label (eg, “mode of ventilation changed
from A to B” or “delivered oxygen reduced—indicative of
weaning”) and underlined values within cells of parameters that
prompted annotation.

Perceiving
Following the act of annotating the data, participants frequently
verified their labels. This was expressed by browsing through
the time-series data again and ensuring that the start and end
dates corresponded to the parameter readings that suggested the
annotation in the first place.
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Interpreting
In some cases, participants derived additional insights from the
data when investigating them with their labels already present.
These insights frequently manifested in the form of retracing
the admission data over the span of the created label, which
resulted in a reevaluation of the created label and its underlying
data.

Comparing
Finally, participants who identified the need for amendments
returned to the planning stage to repeat the annotation process,

whereas those satisfied with their annotations frequently sought
feedback from the activity facilitator on the desired annotation
count and the next steps involved in the process.

Crucially, by contextualizing the annotation process within the
NIC model we identified that the overall approach to annotation
followed a cyclic process of investigation of the data, creation
of the labels, reevaluation of the data with the labels applied,
and refinement of previously created labels (Figure 4).

Figure 4. Data annotation followed a cyclic process involving investigation of data, label creation, reevaluation of data with labels applied, and
refinement of created annotations.

User Requirements
Observations from the workshops captured key characteristics
of participant interactions with the task, forming a basis for
establishing the functional requirements of the digital tool.
Coupled with the operational constraints of data annotation in
clinical settings and the specific needs for future label use in
the ML context, these characteristics informed the user
requirements for the digital annotation tool.

Annotation of Individual Admissions
Familiarization with admission data during the planning and
specification stages suggested that the primary goal of

participants at the early stage of the process was to obtain a
high-level overview of the patient’s characteristics and their
stay in the ICU. This was supported by the frequent cycling
through different parts of the admission, allowing participants
to establish a broad timeline of events and the overall treatment
trajectory without focusing on the minutia of its delivery. The
interface of the tool should allow end users to conduct a similar
analysis digitally, incorporating both the patient demographics
and the time-series data.

Once familiarized with the admission data, participants shifted
their focus to a more task-oriented analysis by narrowing the
list of parameters to a subset significant for the task, suggesting
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different relevance of specific parameters to the target label.
Furthermore, the fact that in certain cases participants found it
easier to first search for the end of weaning, rather than its start,
suggests that their confidence in the accuracy of the created
label, its precise start or end, might be different across
annotations. Similarly, each of the participants displayed
different preferences for creating annotations favoring first
marking either the start of the weaning process or its end.
Despite this, they all shared a common set of actions of marking
the beginning and end of the label, even when the order of these
operations was not the same. To make the annotation process
as unobtrusive as possible, the digital data annotation tool should
therefore allow flexibility in not only how the data are viewed
and analyzed but also how the annotations are being created.
As such, the interface needs to display a continuous dataset
without constraining it to a subset of time or parameters and
allow the end users to freely mark the boundaries of the label
in the order of their preference.

Following the creation of a label, participants frequently
continued to investigate the underlying data and further adjusted
the labels, indicating the need to reflect on their immediate
performance and refine the annotations. Adjusting labels upon
their reevaluation indicates that when the data are viewed with
the annotations applied, the annotator’s perception of these data
changes allowing for additional insights to be derived. As such,
the digital tool should allow for the display of the created
annotations on top of the data and facilitate a similar ability to
adjust and modify them once they are created.

Participants also frequently provided additional information to
support their labels, such as comments or specific parameters
that led them to create the annotation. This contextual
information could be used as a surrogate for the thought process
of the annotators and further inform the importance of specific
parameters on the target label. The digital tool should therefore
incorporate the ability to provide additional data, such as
parameters of interest, confidence in the accuracy of created
labels, and free-form text that provides further context.

Finally, the feedback sought upon completing the annotation
indicated the need for both a progress indicator and the
importance of preservation of the continuity of the annotation
process on retaining participants’ focus. A digital tool could
account for this by displaying the count and information about
the already created labels and making it easy and efficient for
participants to annotate consecutive admissions. As such, the
functional requirements for the digital data annotation tool can
be specified as follows:

• R1: Data analysis in which participants are free to navigate
through the entire span of the admission data, as well as
underlying patient demographics.

• R2: Label creation functionality which is flexible enough
to allow end users to select the start and end of annotation
independently and in any order.

• R3: Label adjustment capability that facilitates an easy and
convenient way to amend the created label, particularly
with that label presented on top of data.

• R4: Label supplementation feature that allows participants
to provide additional context for the created annotation,

including confidence in the label accuracy and relevance
of different parameters.

• R5: Workflow continuity that ensures a cohesive process
of annotation and keeps the end users engaged and focused
on the task.

Semiautomated Annotation
Facilitating a semiautomated approach to annotation that allows
for creating labels for an entire dataset is a separate but closely
related task. As such, it can benefit from the analysis of the
manual annotation process and use it to further inform the
requirements for the digital tool. The annotation of a single
admission could be described as a bottom-up approach, in which
end users are presented with data specific to a single admission
and asked to annotate them directly (optimally until the entire
dataset is annotated). Conversely, adopting an approach that
automates the process would likely involve the annotation of
an entire dataset based on a single user input, constituting a
top-down approach. A semiautomated approach would therefore
focus on creating labels for the whole dataset without focusing
on individual admissions during their creation but potentially
using them to evaluate the annotations and refine them upon
further analysis. To that extent, the digital tool needs to allow
its end users to establish annotation strategies that are
independent of individual admissions during their formulation.

The process in which participants interacted with the individual
admissions suggested several key requirements that needed to
be adapted for the semiautomated approach. To close the loop
of investigating, annotating, evaluating, and refining that the
participants exhibited during the simulated activity, the
semiautomated annotation approach facilitated by the platform
should also allow for analysis of the effectiveness of the
annotation in the context of both the entire dataset and individual
admissions. In particular, the interface should allow the end
users to view individual admissions with the created annotations
applied, providing additional explanations for why the label
was created, and in turn, allowing them to refine their annotation
strategies. Consequently, the requirements for the digital tool
facilitating a semiautomated annotation are defined as follows:

• R6: Annotation and evaluation loop captured as one
continuous process that preserves the focus of the end users
and facilitates effective annotation.

• R7: Label analysis of individual admissions with the overlay
of created annotations on the time-series data and
justification for their presence.

• R8: Dataset-wide performance metrics that capture the
effectiveness of the annotation in the form of aggregate
statistics computed across the entire dataset.

Operational Constraints
In addition to the requirements identified through the analysis
of participants’approach to the annotation task, there are further
operational constraints that need to be reconciled to deliver an
effective annotation workflow. To accommodate the busy
schedules of the ICU staff, the tool should allow its end users
to access it in a way that suits their needs and does not impose
strict time commitments. As such, end users should be able to
perform the annotation asynchronously and access the platform
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remotely. Furthermore, to preserve the focus and ensure that
the end users’ time is used efficiently, the system should provide
a responsive and time-efficient workflow that enables them to
create and evaluate annotations in a short span of time. This is
particularly important for the semiautomated approach in which
the timely annotation of a large volume of data is critical to
preserve the continuity of the annotation and evaluation loop.
The operational requirements for the annotation tool are
therefore defined as follows:

• R9: Asynchronous and remote annotation that allows the
end users to perform the task at their convenience without
further complicating their busy schedules.

• R10: Responsiveness of the system that provides feedback
on the created annotations in a timely manner, particularly
in the case of the semiautomated annotation.

Labels for ML
Finally, having identified the functional and operational
requirements, we analyzed the platform in the wider context of
using the created labels in ML workflows. To that extent, the
discussion between data science experts within our research
team surfaced several key factors that the tool should account
for to ensure that the captured data can seamlessly integrate into
ML pipelines.

The most important one to consider is the need to achieve a
careful balance between the number of annotated admissions
and the confidence in the created annotations. On one hand,
increasing the total number of annotated admissions and their
diversity would result in a larger training dataset and,
consequently, improve the performance of the resulting ML
model. On the other hand, to account for the biases of individual
annotators, there needs to be some overlap of admissions
annotated by distinct annotators that would allow for a
comparison of their approaches and biases. Furthermore, for
this to happen, additional metadata surrounding the confidence
in the specific annotations and relating the created annotations
to their authors also needs to be collected. Only then, will the

data scientists be able to evaluate each of the annotators
individually, compute their biases, and adjust their annotations
accordingly to improve the robustness of the training dataset.

Depending on the volume of the data that needs to be annotated,
the nature of the annotation task, and the number and experience
of the annotators, this balance might be substantially different.
Because of this, the system needs to facilitate a dynamic and
adjustable configuration for how specific data are assigned to
the annotators. This suggests that in addition to the previously
established requirements, the tool should also aim to satisfy the
following ML-specific requirement:

• R11: Flexible data-splitting solution that allows for
adjustment of the data assigned to each participant and
keeps track of the label authorship.

Discussion

Principal Results
This study aimed to explore how intensive care experts approach
data annotation to establish requirements for a digital tool
designed for annotating large datasets in intensive care. We
conducted a manual data annotation activity, observing
participants as they completed the task and analyzing their
actions to gain insights into their annotation strategies. This
analysis informed the development of software requirements
for a digital data annotation platform.

Our findings revealed that the time-series annotation process
follows a cyclical annotation-evaluation loop, which includes
data investigation, label creation, reevaluation of data with the
labels applied, and refinement of the created labels. From this
analysis, we constructed 11 key requirements: 5 directly related
to facilitating the annotation of individual patient admissions,
3 adapted for implementing a semiautomated annotation feature,
2 operational requirements focused on the effectiveness of the
annotation workflow, and 1 requirement addressing the future
use of labels in the ML context (Table 1).
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Table 1. Requirements generated from analysis of observations made during simulated annotation activity.

Requirement descriptionCategory

Annotation of individual admissions

Data analysis in which participants are free to navigate through the entire span of the admission
data, as well as underlying patient demographics.

R1

Label creation functionality which is flexible enough to allow end users to select the start and end
of annotation independently and in any order.

R2

Label adjustment capability that facilitates an easy and convenient way to amend the created label,
particularly with that label presented on top of data.

R3

Label supplementation feature that allows participants to provide additional context for the created
annotation, including confidence in the label accuracy and relevance of different parameters.

R4

Workflow continuity that ensures a cohesive process of annotation and keeps the end users engaged
and focused on the task.

R5

Semiautomated annotation

Annotation and evaluation loop captured as one continuous process that preserves the focus of the
end users and facilitates effective annotation.

R6

Label analysis of individual admissions with the overlay of created annotations on the time-series
data and justification for their presence.

R7

Dataset-wide performance metrics that capture the effectiveness of the annotation in the form of
aggregate statistics computed across the entire dataset.

R8

Operational constraints

Asynchronous and remote annotation that allows the end users to perform the task at their convenience
without further complicating their busy schedules.

R9

Responsiveness of the system that provides feedback on the created annotations in a timely manner,
particularly in the case of the semiautomated annotation.

R10

Use in machine learning

Flexible data-splitting solution that allows for adjustment of the data assigned to each participant
and keeps track of the label authorship.

R11

Approach to Annotation
The observations made during the manual annotation activity
highlighted important characteristics of how experts from a
clinical background approach the annotation task. While the
sample of our study produced no discernable differences in how
participants from different roles approached the task of data
annotation, we observed a variety of strategies used to complete
the task. These included several techniques for initial
familiarization with the data, prioritization of different
parameters during the investigation process, and different order
of operations when creating the label. Crucially, we observed
that irrespective of the specific strategies, annotators followed
a cyclic process of investigation, annotation, reevaluation, and
refinement when annotating data. By modeling the process using
NIC, we were able to analyze the observations made during the
task completion stage and formulate the requirements for the
software interface of a digital data annotation platform.

In our analysis, we found that the nature of how annotators
choose to analyze the data is largely preferential and, therefore,
requires a degree of flexibility in how the software presents the
data and allows its users to navigate through it. The cyclic nature
of the process suggested that to ensure effective annotation, it
must facilitate a continuous and intuitive loop of annotation,
allow users to perform actions in varying order, and seamlessly
adapt to different stages of the process. Since these requirements

were derived from the simulated annotation of individual
admissions but captured the characteristics of the overall
problem of data annotation, the requirements for the
semiautomated approach were adapted to ensure the continuity
of the annotation-evaluation loop and flexibility in analysis.

Finally, the fact that annotators frequently sought feedback after
creating labels further emphasized the importance of ensuring
a seamless and uninterrupted annotation workflow and suggested
the need to integrate progress indicators within the digital
platform. Together with individual preferences for focusing on
different parameters during the analysis and supplying additional
information as part of the created labels, this also highlighted
the need to capture contextual information alongside labels,
which could be beneficial for their later use in the ML pipelines.

Design Implications
This literature on involving clinical staff in the collaborative
design of software interventions shows that it can have profound
effects on user acceptance and uptake upon release [23,39].
However, it is important to highlight that effectively engaging
in such collaboration can be a challenging task, particularly
when research activities require substantial time commitment
[40]. Collaborating with intensive care clinicians, whose time
is in high demand and short supply, may therefore require
additional accommodations to be effective. In the context of
annotating data, these accommodations translate into additional
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requirements that adapt the process to the busy schedules of the
clinical staff by allowing them to annotate data both
asynchronously and remotely. This further reinforces the need
to ensure that the software delivers an intuitive and time-efficient
annotation workflow and places additional constraints on its
design. Specifically, to facilitate the responsiveness of the
annotation-evaluation loop in the semiautomated approach,
where users can frequently simultaneously annotate the entire
dataset, the software should incorporate a solution that
dynamically adapts to both the number of active users and the
volume of data that needs to be processed.

Limitations and Future Work
The activity focused on capturing the approach to data
annotation was conducted with a limited number of participants,
which resulted in a limited diversity of clinical roles and,
potentially, perspectives from the ICU. This suggests that some
of the requirements established in this research could be
particularly applicable to annotators in junior doctor positions
and therefore not necessarily generalizable across entire staff
working in ICUs. The selection of the task for the manual
annotation activity was made to provide an annotation
experience that could be extrapolated beyond the specifics of
the task. Despite this, we acknowledge that the results it
produced could be biased specifically toward the annotation of
weaning from mechanical ventilation.

Furthermore, our approach to capturing the annotation process
during the simulated activity with only a single observer had a
significant impact on the quantity and quality of observations
that were collected. Due to the imbalance in the number of
annotators and observers, some of the actions undertaken by
the participants during the annotation could have gone
unnoticed. Furthermore, the presence of a single observer
created an inherent bias in the collected observations, as the
observed actions could have been perceived differently by
observers with different backgrounds or characteristics. These
limitations suggest that the observations collected during the
activity come with a degree of incompleteness and inaccuracy,
which may have impacted the elicited requirements.

We acknowledge that further work in establishing the
requirements for the digital tool could strengthen the

understanding of how clinicians approach the data annotation
task. To that extent, we suggest that further research in this area
focuses on capturing the requirements that expand beyond the
confines of a single annotation task and within a broader and
more diverse population from the ICUs. Capturing a wider range
of perspectives could inform the applicability of the elicited
requirements and, in consequence, strengthen the resulting
design of the digital tool.

The nature of the activity itself was focused strictly on the direct
annotation of individual admissions rather than the use of any
assistive or automated technologies. Although several
requirements elicited in this context applied to the overall
annotation process, including a semiautomated approach,
additional requirements not captured in this study may also
exist. Further research should therefore focus on the evaluation
of the proposed requirements and their use and limitations in
real-world applications. Therefore, these requirements should
be used to design and implement a digital data annotation
platform that should be trialed within a clinical setting.
Conducting a study that investigates the feasibility of a
semiautomated approach to the data annotation, particularly in
comparison with the direct annotation of individual admissions,
could further inform the requirements for data annotation tools.

Conclusions
In this study, we investigated how clinical staff from ICUs
approach the task of data annotation and established 11 key
requirements for a digital data annotation tool that could be
deployed within the health care setting. Our findings revealed
that data annotation is a cyclic process that demands flexibility
in how annotators investigate and annotate the data. Preservation
of the workflow continuity across different admissions and fluid
transition between analysis, annotation, and refinement of the
label are essential to facilitating effective data annotation in the
clinical domain. Adaptations for the semiautomated annotation
need to consider these factors by providing a responsive
interface that dynamically adapts to the volume of data and
allows for analysis on both an individual and a dataset-wide
basis. The significance of these findings is evident in their
potential to guide the development of a data annotation tool that
capitalizes on the considerable data generated in the ICUs and
the expanding use of computational methods in health care.
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Abstract

Background: Technology can be an effective tool for providing health services and disease self-management, especially in
diabetes care. Technology tools for disease self-management include health-related applications for computers and smartphones
as well as the use of robots. To provide a more effective continuity of care and to better understand and facilitate disease management
in middle-aged and older adult patients with diabetes, robots can be used to improve the quality of care and supplement community
health resources, such as community pharmacies.

Objective: The aim of this study was to develop a health care robot prototype that can be integrated into current community
pharmacies.

Methods: Three user-centered approaches were used: (1) review of the literature on technology use among older adults, 2)
reference to the seven key diabetes self-care behaviors by the American Association of Diabetes Educators (AADE), and (3)
meeting with health care providers in the community. Field investigations and interviews were conducted at community pharmacies
and diabetes health education centers to determine the appearance, interface, content, and function of the robot.

Results: The results show that diabetes health care prototype robots can be established through user-centered design. The
following important features were revealed: (1) perceived ease of use is considered a friendly operating interface; therefore, we
used less than 3 buttons in an interface; (2) minimization of the interface between blue and yellow, which is unfriendly to older
adults; (3) the health education mode was the most preferred mode with sound, image, and video presentation; (4) the most
predilected functions are health education resources and health records, and that patient data can be easily collected through health
education games and dialogue with robots; and (5) touching the screen is the most preferred operation mode.

Conclusions: An evidence-based health care robot can be developed through user-centered design, an approach in which a
model that connects medical needs to people with health conditions can be built, thereby facilitating the sustainable development
of technology in the diabetes care field.

(JMIR Hum Factors 2025;12:e48226)   doi:10.2196/48226

KEYWORDS

robot; diabetes; self-management; middle-aged adult; community pharmacy; older adult; prototype

Introduction

Diabetes is a significant global health issue, with the number
of people affected by the disease continually rising [1].
According to the International Diabetes Federation Diabetes
Atlas, the global number of people with diabetes reached 537
million in 2021 and is expected to continue rising, reaching an
estimated 783 million by 2045 [2]. The most prevalent form of
diabetes is type 2 diabetes, which affects more than 90% of all
individuals with diabetes [2]. Uncontrolled diabetes over time
can lead to severe complications, including cardiovascular

diseases, lower-limb amputation, kidney damage (nephropathy),
nerve damage (neuropathy), and blindness (retinopathy) [2,3].
Age is one of the risk factors for type 2 diabetes, with its
prevalence and mortality rates rising as individuals get older
[4,5]. According to statistics from Taiwan’s Ministry of Health
and Welfare, the prevalence of diabetes increases significantly
from the age of 45 years for both men and women [6]. As the
duration of diabetes and patient age increase, patients with
diabetes face not only a higher incidence of complications but
also challenges related to multiple medications and
comorbidities [7]. This underscores the importance of focused
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health care management for middle-aged and older adult patients
with diabetes.

In recent years, technology has emerged as a crucial tool for
disease management, including diabetes [8,9]. The demand for
digital health care has surged, evidenced by the introduction of
more than 90,000 new health-related apps on platforms like the
Apple Store and Google Play in 2020 alone, contributing to a
total of over 350,000 health care applications available globally
[10]. Among these technological advancements in health
applications, health care robots are one of the future trends in
health technology [11], driven by the ongoing digitization of
health care services.

Community pharmacies play a vital role in providing health
care services, offering convenient access to medications and
health services that support local health care needs. There are
currently more than 7400 health insurance pharmacies across
Taiwan [12], and a 2016 survey indicated that over 80% of these
pharmacies are open for at least 12 hours, with around 40%
operating almost year-round [13]. Compared to hospitals,
community pharmacies face less pressure from time constraints
and space limitations, positioning them as key players in
bridging the gap between individuals and larger medical
institutions.

Despite the availability of professional medical information in
clinical settings, there remains a challenge in ensuring that
patients effectively absorb and apply health education and
professional advice once they return to their communities. This
gap highlights the need for technological tools that support
continuous care, especially for middle-aged and older adults
managing diabetes. Integrating robots into community health
resources, such as community pharmacies, could enhance the
quality of care, improve health management, and advance health
promotion within the community. The expertise of pharmacists,
coupled with the high accessibility of community pharmacies,
makes them an ideal setting for such interventions.

However, current technology development for disease
management often excludes medical professionals from the
design process and lacks real-world testing [14]. Additionally,
there is no clear evidence that technology can effectively
integrate with community medical resources or bridge the gap
between medical institutions and personal care. Therefore, the
aim of this study was to design and develop a prototype of a

diabetes care robot that meets the needs of middle-aged and
older adult patients with diabetes, aligns with the perspective
of community pharmacist care, and can be integrated into the
current community pharmacy setting.

Methods

Participants
The design and development of the prototype robot in this study
were primarily conducted through literature-based theories and
expert team meetings [15]. The development of the prototype
robot involved the researcher synthesizing the literature and
conducting field visits to pharmacies and health education units.
The development goals and direction were then jointly decided
during team meetings. The development of the prototype robot
began in March 2018. The team included 1 expert in technology,
1 expert in gerontology, 2 physicians, 12 to 15 engineers and
research assistants, and 1 researcher. To maintain progress and
continuously refine the prototype robot, the team held regular
meetings 1‐2 times per month until a more complete interactive
functionality was established to enhance the user experience.
Furthermore, to gain a more realistic understanding of the
feasibility and initial results of the robot’s application in
community health care, 30 middle-aged and older adult patients
with diabetes, along with 10 community pharmacists, were also
included to provide user feedback.

Ethical Considerations
This study was performed in accordance with the relevant
guidelines and regulations, including the Declaration of Helsinki
and was approved by the Institution Review Board (IRB) of
National Cheng Kung University Hospital in Taiwan (No.
A-ER-105‐509). All the participants provided signed informed
consent, and all study data were deidentified to protect the
identity of participants. Participants did not receive any financial
or material compensation for their participation in this study.

Procedures
The research design framework for the prototype robot
comprised three steps: using an evidence-based literature review
and team meeting to design and develop the robot prototype,
evaluating feasibility through collecting pre- and postassessment
questionnaires, and exploring needs and acceptance through
interviews with the target population, as illustrated in Figure 1.
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Figure 1. The research design framework for the prototype robot used in community-based diabetes care.

Although robotics is an emerging technology, there is a lack of
understanding about the applications of robotics. To gain a
better understanding of user needs, a high-fidelity prototype
can be used to provide users with real-world experience and
stimulate their needs, thus enabling them to provide more

in-depth insights for future development and design [16].
Therefore, the first part of the study was to design and build a
prototype community-based diabetes care robot to facilitate
user experience, as illustrated in the detailed flowchart shown
in Figure 2.

Figure 2. Process showing how to build a prototype community-based diabetes care robot.

The second and third parts were dedicated to testing and
evaluating the prototype robot. In the second part, it took 15‐20
min for the patients with diabetes to interact with the robot.
Before and after the interaction, questionnaires including a
diabetes knowledge test, self-efficacy for diabetes, and
feasibility of use of the robot were administered. In the third
section, semistructured qualitative interviews were conducted
with middle-aged and older adult patients with diabetes and
community pharmacists about their experiences and visions for

using the robots. The detailed methods and results of the pre-
and postassessment questionnaires, including a diabetes
knowledge test, self-efficacy for diabetes, and the feasibility of
using the robot in patients with diabetes, as well as the in-depth
interviews with both pharmacists and patients with diabetes,
were addressed in our previously published study [17]. This
prior study demonstrated that robot interaction significantly
improved patients’ diabetes knowledge and the perceived
feasibility of its use in pharmacies. Both patients and
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pharmacists gave positive feedback, with patients valuing
self-directed learning, comfortable interaction, and vivid
engagement, while pharmacists highlighted real-world
applicability and new service potential. These findings offer
foundational insights that inform the design and objectives of
our current research.

Design and Construction of a Prototype
Community-Based Diabetes Care Robot
As the goal of this research is to develop a prototype for a
community-based diabetes care robot and to gather and

understand the perspectives and needs of patients with diabetes
and community health care providers, the initial team meetings
decided to use an existing robot with foundational functions.
This robot was optimized and gradually modified to develop
interactive features relevant to diabetes care, aiming for
efficiency and smooth user operation. The robot developed in
this study uses Zenbo (ASUS), a smart home product from
ASUS. The appearance and specifications are shown in Figure
3 and Textbox 1, respectively.
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Figure 3. Appearance of the Zenbo robot.
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Textbox 1. Zenbo robot specifications and functions; source: ASUS.

Specifications:

• External dimensions: 37 × 37 × 62 cm (length × width × height)

• Weight: 10 kg

• Operating system: Android

• Display screen: 10.1" LCD screen

• Language skills: Chinese

• Functions: Listening, speaking, seeing, emotional expression, playing music and videos, movement, internet connection, and learning

LCD: liquid crystal display

The concept for the prototype robot is primarily derived from
research and theory, which must align with the needs of the
target population, namely middle-aged and older adult patients
with diabetes. Therefore, this study focused on theories and care
indicators related to diabetes care [18], collected and organized
the design and limitations of technology applications for
middle-aged individuals [19,20], and examined the development
and application of current technology or robots in health care,
as well as the connection between the use of technology and
health in middle-aged people and the mode for delivering health
services [21], to establish the development objectives [22,23].
Three user-centered approaches were used in the design and
construction of a prototype community-based diabetes care
robot: (1) a review of the literature on technology use among
older adults, (2) reference to the seven key diabetes self-care
behaviors by the American Association of Diabetes Educators
(AADE), and (3) meetings with health care providers in the
community. The literature review search strategy of this study
involved collecting studies related to the application of robots
in the elderly population [24-27]. Field investigations and
interviews were conducted at community pharmacies and
diabetes health education centers to determine the design of the
robot. Because patients with diabetes go to community
pharmacies to take their medications, and in addition to
providing pharmaceutical services, community pharmacies can
also offer related information on disease care. Therefore, in
addition to collecting service experiences from the community
pharmacists, the choice of a community pharmacy as the testing
site for the prototype is driven by the fact that these pharmacies

provide a secure, private, and professionally consultative
environment.

The design framework of the community-based diabetes care
robot was devised to collect and compile data in four main areas:
appearance, interface, content, and function. For appearance,
we collected data about the appearance and size of the robot.
For interface, data were collected about the color, text size,
arrangement, and other screen design. For content, the system
was responsible for building the information that needed to be
conveyed, with the user’s needs as the primary consideration.
For function, we collected data about the presentation of the
interactive process and information transfer.

Once the direction of development has been established, a
prototype robot is initially built that can be used in practice.
The development of technology does not only rely on past and
proven experience, but also must be tailored to the needs of real
users. Therefore, the prototypes need to interact with the users
in real life and give them a real experience in accordance with
the proposed development directions. It is only after this that
users can give practical advice.

Results

Using a literature search and practical experience, this study
focused on data collection in four main areas: appearance,
interface, content, and function of robot design. The
development directions and options for prototype robots are
listed in Table 1.
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Table . Development directions and options for prototype robots.

Results and design directionsInterviews and team discussionsLiterature and theory

Appearance ••• It must be confirmed that this
model is not complicated and
is expected to be well-accepted
because it is a non-humanoid
model. However, it may be
seen as a toy because of the
cute non-humanoid appear-
ance. The model does not have
hands and feet to operate and
therefore operates mainly in a
conversational manner. It must
be confirmed that the angle and
height of the interaction mode
(eg, the height of the table or
chair on which the robot can
be placed) can be adjusted.

Size: The prototype robot must
fit into the space of the pharma-
cy.

Type: The humanoid type is
less well accepted. The doll
type, on the other hand, is seen
as a toy for children [22]. Pro-
totype robots should avoid be-
ing too complex or trendy.
However, if the prototype lacks
a humanoid feel, it will not be
favored by senior citizens [23].

• Height: It should be at a height
at which middle-aged to older
adults can sit and see it horizon-
tally.

• Application mode: The focus
of the robot varies between
different appearances. Appear-
ance will affect whether it is
presented in a functional or in-
teractive way [28,29].

Interface ••• The color scheme of the inter-
face is highly contrasting to
avoid confusion over similar
color schemes. The use of blue
and yellow colors is reduced
and the number of buttons on
the interface is 2‐3. The con-
tent is centered, and apart from
the main screen, the content is
mostly presented as a single
theme. The font size ranges
from a minimum of 30sp to a
maximum of 50sp (sp being
the text unit in the Android
system).

The interface should be simple.
A single screen does not need
much emphasis. Text should
be enlarged.

Colors: Blue and yellow are
less recognizable [19]. Yellow
and green combinations, and
red and purple combinations,
are prone to recognition errors
[20].

• Operation: Per the Technology
and Acceptance Model [30],
the interface and operation
must be simple because it is
used by older adults. The font
should be large and clear. The
interface should have a maxi-
mum of four buttons. All other
interfaces have two buttons for
simple selection [31].

Content ••• The content of the system is
based on the seven diabetes
self-care behaviors, with games
and interactive dialogues to
present a variety of health edu-
cation methods. To make the
content more relevant to the
public, common disease symp-
toms and complications of dia-
betes are presented.

Applications addressing vari-
ous everyday challenges and
health education videos on
common diseases in communi-
ty pharmacies.

Seven key diabetes self-care
behaviors by the American
Association of Diabetes Educa-
tors [18]

Function ••• The health education mode is
presented with sound, images,
and video, avoiding a focus on
the use of a single sense. The
functionality of the current
model will be considered and
the information on functionali-
ty available in the literature
will be further researched.

There are games, friendly
greetings, and flexible interac-
tion times.

Operation: Technology and
Acceptance Model [30].

• Health education: Multisensory
perception stimulates learning
[21], with a core health educa-
tion focus each time.

• Technology applications: The
applications of robots in health
management can include dis-
ease management, monitoring
of physiological data, and inter-
active health education
[26,32,33]. The use of technol-
ogy in diabetes health manage-
ment focuses on recording and
reminding, as well as providing
information and entertainment
[34-36].
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Appearance
Although the robot’s appearance was determined based on the
available resources, the chosen model features a cute,
non-humanoid design to better align with the preferences of
older adults and enhance user acceptance. Although the robot’s
height is a limiting factor, placing the robot on elevated surfaces,
such as tables or chairs, can correct height-related issues, making
it easier for users to operate.

Interface
As the interface is critical to the overall smoothness of the robot,
the presentation of the interactive interface must meet the needs
of middle-aged and older adults in terms of the ease of use of
technology products and text reading as much as possible. In
addition, according to the Technology and Acceptance Model
[30], the perceived ease of use should be considered as a whole
and should take into account the user-friendliness of the interface
so that the user can experience the clearest and easiest process.

In the interface development, to make it easiest for older adults
to operate, each screen will display a maximum of two main
options, with options clearly framed to reduce the likelihood of
users being unsure of their choices. Information and selection
buttons will be centrally placed and maximized on the screen
to help users quickly focus on key points. The main screen will
feature simple text and image displays. To avoid causing
difficulties in recognition for older users, the background will
be a single color, and the overall interface will use no more than

two main color tones. The main screen and option areas will
predominantly use a black-on-white color scheme, with high
contrast to make text easier to read.

Content
The main content of the development includes the seven key
diabetes self-care behaviors according to the AADE standards.
The overall main content and functions presented by the
prototype robot are detailed in Table 2 and aligned with the
seven AADE diabetes care indicators.

The main functions of the system are health education resources
and health records. Health education resources are presented
through health education quizzes, pamphlets, and videos. The
health records section includes health values, discomfort, and
nutrition. The concept of this record is to help patients with
diabetes manage their records, including basic physiological
data such as blood pressure, blood glucose, and blood lipids.
The relevant data are entered and the corresponding standard
values are provided. The focus of the “Discomfort” program is
to understand and record the various conditions in the patients
with diabetes and to compare the complications associated with
diabetes with the common problems of the family. By reminding
and advising patients to be more alert to their health conditions,
they can gain a better understanding of their health conditions.
The results are recorded for follow-up. All interactions can be
fed back to the user in the form of paper or communication
software messages.

Table . Functional development and presentation of prototype robots.

Presented at the American Associa-
tion of Diabetes Educators

Theme contentSubthemeTheme

Healthy eating, regular exercise,
blood glucose monitoring, proper
medication use, problem solving,
health adaptation, and risk reduction

Questions focus on the seven major
areas of diabetes care and common
diabetes health problems

Health education testHealth education resources

Healthy eating, regular exercise,
blood glucose monitoring, proper
medication use, problem solving,
health adaptation, and risk reduction

Share and recommend links to help
filter relevant content

Health education leaflet

Healthy eating, regular exercise,
blood glucose monitoring, proper
medication use, problem solving,
health adaptation, and risk reduction

Share and recommend links to help
filter relevant content

Health education videos

Blood glucose monitoringAlert and record blood pressure,
blood glucose and lipids, and pro-
vide standard values

Health valuesHealth records

Problem solving, health adaptations,
and risk reduction

Presented in a lifestyle format to re-
mind patients of complications and
other problems they may encounter
and link them to their disease condi-
tions

Discomfort

Healthy eatingAsk each other about their dietary
status in a simple conversation to
help them develop a balanced diet

Nutrition

Function
To establish the overall function, we should first understand the
current mode of application of technology in disease and health

management, including the application of health technology for
older adults, diabetes management technology tools, and the
application of robots in health management, and consider the
current operation fluency and feasibility of using robots.
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According to the current functional status of the robot, the main
functions are primarily simple question-and-answer interactions
with pictures and images, so the main functions are presented
in a health education manner. A game was used to transfer
knowledge on diabetes-related care content, and a thematic
health education video was shown as feedback to the patients
according to their wrong answers.

The main objective of the development of this prototype robot
is to enable patients with diabetes to experience actual
interaction with the robot and to understand the possible
interaction patterns, in order to understand the experience and
perspective of the user. During the development process, the
prototype robot is adapted to meet the needs of the community
and medical personnel based on the health education needs of
the Diabetes Health Centre and the feasible applications of the
community pharmacy. In view of the time and cost of
development as well as the operation of the technology, the
functions were not expanded extensively and were mainly
presented in the form of a basic framework. After the patient
with diabetes or community health care worker has confirmed
the suitability of the directions and content, the functions will
be expanded and built. To allow each participant to experience
the same features, the most stable and fully developed part (ie,
the health education test, a game with the robot, that focuses
on diabetes-related knowledge) is used as the main axis for
participant interaction. The rest of the developed functions are
presented as introductions and simple demonstrations.

Discussion

Principal Findings
This study demonstrated that an evidence-based health care
robot can be developed through user-centered design, facilitating
the sustainable advancement of technology in the field of
diabetes care. The use of technology in patient management can
be beneficial to patients. However, the applications of
technology that are readily available on the market are not
always effective. While the current technology interventions
are mostly aimed at behavioral change, they are rarely supported
by therapeutic guidelines and theories [35,37], making the
development process too subjective or deviating from reality.
The core elements of technology development must therefore
be user-centered. Thus, based on the technology being developed
and designed for diabetes disease self-management, Goyal et
al proposed four stages of user-centered development [38]. The
first is the so-called development process, which must be
evidence-based and analyze possible barriers and problems and
must be culturally and environmentally appropriate. In the
second stage, the feasibility of the system must be understood.
The third stage involves further evaluation of effectiveness. The
fourth stage requires more long-term monitoring. At the same
time, as the four stages are in a continuous cycle and interact
with each other, it is necessary to revise and review them
repeatedly to build a technology tool that meets the needs of
users [38]. Furthermore, personal health information must also
be protected. While this prototype requires login, ongoing efforts
should be made to enhance and ensure information security.

Comparison With Prior Work
In previous studies of diabetes care robots, the main focus has
been on younger age groups of patients with type 1 diabetes
[32,33,39], and less on middle-aged patients with type 2
diabetes. Even in the case of older adult care, the functional
applications of robots are mainly companionship-based or focus
on social functions for older adults. There should be less
involvement in behavioral change, but this is also an important
part of health messaging. Therefore, this study uses the seven
key diabetes self-care behaviors by the AADE to consider the
basics of healthy eating, regular exercise, blood glucose
monitoring, and proper medication use as core health-enhancing
skills, and to help patients with diabetes better understand their
disease and their health. These seven self-care behaviors are
interlinked with diabetes disease self-management and not only
directly contribute to disease management (eg, reminders and
records), but also enhance the overall quality of care for the
disease by building up the correct concepts of patients with
diabetes. This content is presented as a basic health education
leaflet and a health education video to convey information. The
health education resources are sourced from relevant health
education websites and reference links from major hospitals
and institutes, and can be categorized to help patients quickly
search and link to relevant functions. In terms of the functions,
we should first understand the current mode of application of
technology in disease and health management, including the
application of health technology for older adults, diabetes
management technology tools, and the application of robots in
health management, and consider the current operation fluency
and feasibility of using robots. The robot itself has basic
functions such as playing videos and documents. Based on the
current functionality of the robot, the main focus of further
development is on the simple interaction with pictures and
images. The main function is therefore presented in the form
of health education. To make the health education interaction
more efficient and interesting, a health education game was
used to transfer knowledge about diabetes-related care content,
and at the end of one stage of the game, a health education video
on the relevant topic was selected and shown as feedback based
on the questions that the patient answered incorrectly, to deepen
the patient’s understanding of the concept.

Past studies have also supported the idea that a multimedia
approach to health education can help patients understand the
content of health education [40,41]. The health education model
is more stimulating, as it delivers information to patients in a
variety of ways, such as videos and animations, which in turn
produces better health education results. This is one of the main
advantages of robots for the implementation of health education
[40]. The robot’s rich expressions and gestures, as well as its
voice-to-voice interactions, are an advantage in teaching [41].
The prototype utilized in this study is a nonhumanoid robot.
While humanoid robot interactions are more human-like, their
realistic appearance can often induce fear, leading to lower
acceptance. In contrast, nonhumanoid robots, though cute, might
be perceived more like toys, resembling a game. The advantage
lies in a more engaging interaction, but the downside is that
they may be seen merely as playthings, potentially
overshadowing the educational information they convey.
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In the delivery of health services by robots, there is a need for
a thorough consideration of the technological side, the
professional side, and the patient side. Therefore, in addition to
the professional development in the field of technology, the
initial development should also identify and create a suitable
development direction from the perspective of medical
professionals, and build a prototype robot. Later on, the
prototype robot can be used to enable patients with diabetes to
experience the interaction with the robot, and through this
interaction, to gather more in-depth information on patients’
thoughts and experiences on the application of technology. In
the context of the rapid expansion of technology, it is important
to have more detailed information on the user experience so
that subsequent developers can have a clearer direction, and at
the same time, have the most relevant technological tools for
the core users (ie, older adult patients).

Strengths
The main advantage of the robot developed in this study is that
the prototype was developed using data from professional team
meetings, literature, real-world data, and experience interviews,
as well as the participation of people from the relevant
professional fields. This comprehensive approach ensured the
prototype is robust. In addition, the development of the prototype
robot was not a one-off exercise. The aim was to create a
prototype that would enable actual interaction with patients with
diabetes, not just from the developer’s perspective. Each time
further progress is made, it will be compared and revised with
clinical practitioners to create a more realistic diabetes care
robot that can actually interact with patients with diabetes in
the real world.

Limitations
The literature reviewed in this study primarily comes from
Western countries, which may not fully correspond to the
disease characteristics of East Asian populations. Differences
in illness, age, and cultural backgrounds may affect users’
perspectives. To mitigate this limitation, future studies could
be conducted in Western countries to validate the findings and
evaluate their applicability in different contexts. In addition,
the testing site for this study was a community pharmacy in an
urban area, so it does not provide insights into how elderly
individuals with different lifestyles or from different regions
perceive and use the robot. Consequently, the findings may not
be fully applicable to all health care settings. Future research
could extend to rural community pharmacies or other community
health care settings, including community hospitals, clinics, and
chain pharmacies, to test the application of health care robots.
Moreover, the size and functionality of the robots used in this
study, along with the critical role of the internet in their
operation, may limit their capabilities. For example,
uninterrupted and smooth conversations rely on a stable network
connection. Interruptions or network issues can hinder the
robot’s performance. Efforts were made to ensure a stable
network environment during testing, but future studies should
consider testing in various network conditions to better
understand the impact of connectivity on robot functionality.

Conclusion
The prototype diabetes care robot was developed using data
from the literature, professional team meetings, and practical
interviews, with the aim of creating a more evidence-based
health care robot that can actually give patients with diabetes a
realistic experience for their disease care and enable them to
give clearer and more specific feedback for the subsequent
development and application of technology in disease care.
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Abstract

Background: Dementia is a widespread syndrome that currently affects more than 55 million people worldwide. Digital screening
instruments are one way to increase diagnosis rates. Developing an app for older adults presents several challenges, both technical
and social. In order to make the app user-friendly, feedback from potential future end users is crucial during this development
process.

Objective: This study aimed to establish a user-centered design process for the development of digiDEM-SCREEN, a user-friendly
app to support early identification of persons with slight symptoms of dementia.

Methods: This research used qualitative and quantitative methods and involved 3 key stakeholder groups: the digiDEM research
team, the software development team, and the target user group (older adults ≥65 years with and without cognitive impairments).
The development of the screening app was based on an already existing and scientifically analyzed screening test (Self-Administered
Tasks Uncovering Risk of Neurodegeneration; SATURN). An initial prototype was developed based on the recommendations
for mobile health apps and the teams’ experiences. The prototype was tested in several iterations by various end users and
continuously improved. The app’s usability was evaluated using the System Usability Scale (SUS), and verbal feedback by the
end users was obtained using the think-aloud method.

Results: The translation process during test development took linguistic and cultural aspects into account. The texts were also
adapted to the German-speaking context. Additional instructions were developed and supplemented. The test was administered
using different randomization options to minimize learning effects. digiDEM-SCREEN was developed as a tablet and smartphone
app. In the first focus group discussion, the developers identified and corrected the most significant criticism in the next version.
Based on the iterative improvement process, only minor issues needed to be addressed after the final focus group discussion. The
SUS score increased with each version (score of 72.5 for V1 vs 82.4 for V2), while the verbal feedback from end users also
improved.

Conclusions: The development of digiDEM-SCREEN serves as an excellent example of the importance of involving experts
and potential end users in the design and development process of health apps. Close collaboration with end users leads to products
that not only meet current standards but also address the actual needs and expectations of users. This is also a crucial step toward
promoting broader adoption of such digital tools. This research highlights the significance of a user-centered design approach,
allowing content, text, and design to be optimally tailored to the needs of the target audience. From these findings, it can be
concluded that future projects in the field of health apps would also benefit from a similar approach.

(JMIR Hum Factors 2025;12:e65022)   doi:10.2196/65022
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Introduction

Dementia is a widespread syndrome that currently affects over
55 million people worldwide, with annually almost 10 million
new cases. The diagnosis of and treatment for people with
dementia are going to be among the biggest challenges for health
care systems worldwide [1]. A study by Eichler et al [2] found
that 60% of people living with dementia in Germany had no
formal diagnosis. Another problem lies in the long diagnostic
periods. In the Bavarian Dementia Survey (BayDem) study,
Wolff et al [3] found that the median time between the first
perceived symptoms and diagnosis in Bavaria was 16 months.
As Barth et al [4] were able to show, rural areas are also
particularly affected here due to a high difficulty in accessing
the facilities needed to diagnose and treat patients with dementia.

Screening instruments are one way of improving the diagnosis
rate. A study with 146 participants has shown that diagnoses
could be increased by almost 50% through upstream cognitive
screening [2]. Internet-based screening tools offer the additional
advantage that they can be used at a low threshold, regardless
of time and place [5]. Digital technologies and the internet are
already playing an increasingly central role in the everyday lives
of older people. The proportion of people with internet access
is growing across all age groups. In recent years, the number
of German senior citizens (79‐84 years) who regularly use the
internet has more than doubled (18.8% in 2011 vs 39.4% in
2017). There is also an increased interest in health websites
among older people [6]. In the 2021 report published by the
German Federal Office for Information Security, it was stated
that around 163,000 different health apps existed [7]. However,
there is a lack of high-quality dementia apps. As analyzed in
an earlier study, for only 6 of 20 identified dementia apps,
scientific evaluation studies have been published. In none of
those studies, the effectiveness of the respective screening app
could be proven. Among the published app evaluations,
screening apps received the worst overall quality rating. In
summary, the analysis showed that the existing apps at this time
did not provide reliable information and results [8].

Thus, in the digiDEM Bayern project (Digital Dementia Registry
Bavaria), we have not only focused on the establishment of a
digital registry for persons with mild cognitive impairment and
mild to moderate dementia [9,10], but also on the development,
scientific evaluation, and sustained provisioning of innovative
eHealth tools and digital apps [11,12]. The goal of our current
project, in this context, was to establish a user-centered design
process for the development of digiDEM-SCREEN, a
user-friendly app to support the early identification of persons
with slight symptoms of dementia. The objective of this
publication is to illustrate the iterative and agile user-centered
development process consisting of 8 phases to move from a
conceptual idea to an early prototype and a final prototypical
implementation with continual involvement and feedback
process from stakeholders and intended future users.

Methods

Overview
In order to achieve the goal of a user-friendly screening app for
people with slight dementia symptoms, a user-centered iterative
development approach comprising the following steps was
chosen:

1. A systematic literature research of scientifically evaluated
digital and nondigital dementia screening tests.

2. An early prototype (V1) development based on the
guidelines for graphic design and textual formulation criteria
for people with cognitive impairments. Graphical
requirements include an easy-to-understand layout,
standardized navigation elements, and a clear division of
instructions into several steps [13]. In addition, textual
guidelines such as short and concise sentences, logically
structured sections with headings and an active approach
to the user should be observed [14]. Furthermore, the
expertise of 3 clinicians from different disciplines with
long-term experience in dementia research and 2 professors
of medical informatics with expertise in developing mobile
health apps, supported by their teams was incorporated into
the development.

3. Conduction of an initial evaluation of the early prototype
(V1) based on a focus group discussion (FGD) with
potential end users (older adults ≥65 years with and without
subjective cognitive impairments) [15]. The group
discussion was recorded and transcribed afterward. The
results were then categorized and analyzed based on a
previously published qualitative content analysis [16]. The
following categories were extracted: general linguistic
adaptations, task-related linguistic adaptations, menu
navigation, general navigation, and specific design changes
to individual components.

1. Incorporating the FGD feedback and results into the
specification for the prototypical implementation of
digiDEM-SCREEN (V2).

2. The second evaluation with a new group of potential users
(older adults ≥65 years with and without subjective
cognitive impairments) was based on the think-aloud
method, where participants speak their thoughts and wishes
aloud during the test and are observed by a researcher who
also takes notes [17].

3. Incorporating the user feedback and think-aloud evaluation
results into the enhanced specification for the subsequent
digiDEM-SCREEN development step (V3).

4. Conduction of an additional focus group evaluation of the
improved beta version of the app (V3) with people with
migration background (nonnative German speakers).

5. Development and deployment of the first ready-to-use
digiDEM-SCREEN version (V4).

Recruitment of the facilities for participation (steps 4, 5, and 7)
was based upon the network of research partners in the project
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digiDEM. The older adults from the facilities were informed
about participation options in former group meetings (informed
consent). After consenting, participants were invited to take
part in the respective focus groups.

In steps 3 and 5, the System Usability Scale (SUS) has been
calculated for the respective prototype versions by applying the
German version of the standardized SUS questionnaire [18].
The scale can take values between 0 and 100; the higher the
value, the higher the user-friendliness is categorized [19]. In
addition, also in step 7, a self-assessment was used to determine
technology use, interest, and expertise, each on a 5-point Likert
scale (1 - ‘Does not apply at all’; 5 - ‘Applies completely’). The
participants gave their subjective assessment and considered if
they could use the app on their own (on a scale of 1 to 10) of
the app and the specific components [20]. Furthermore, the
participants were asked to name the most considerable problems
associated with the app and if they wanted to change something.

Thus, our user-centered software design and development
process included qualitative and quantitative evaluation methods
at 3 different stages of the development process.

Ethical Considerations
This study was approved by the Ethics Committee of the
Medical Faculty of the Friedrich-Alexander Universität
Erlangen-Nürnberg (application number: 20-253_1-B; August
14, 2023). Written consent was obtained prior to the user testing
and focus group discussion. All participants data were
pseudonymized. The list of reidentifying data was stored
separately from the analyzed data, and only authorized
individuals have access to them. No one was paid to test the
app.

Results

Steps 1 and 2: Development of the First Prototype (V1)
Prior to developing the screening test, we conducted systematic
literature research. The search terms are shown in Multimedia
Appendix 1. Criteria for the decision on a suitable screening
tool were the scientifically examined psychometric properties
(sensitivity and specificity), the availability of being a free to
use app (not paid), and the technical feasibility of a
tablet/smartphone. The main source of information was the
systematic reviews of Chan et al [21] as well as the specific
studies of the screening tools [22,23]. The decision on the
Self-Administered Tasks Uncovering Risk of Neurodegeneration
(SATURN) was based upon a group discussion about the
aforementioned criteria as well as the (methodological) quality
of the screening tools and the underlying scientific studies in
general.

The SATURN [24] proved to be a test with particular promising
diagnostic values (sensitivity: 0.92; specificity: 0.88 in dementia
cases vs controls) [21]. The test is usable via a tablet.
Administration time is about 10 minutes, which can be
especially beneficial for older adults as shorter tests might
induce less fatigue and therefore be more suitable for repeat
administration compared with lengthier instruments [25]. Thus,
the SATURN provides the foundation for the development and
validation of a German adaption of the test usable as an app via
smartphone and tablet.

To date, there is no German version of the SATURN test. The
translation of the English version of the SATURN into German
was carried out independently by 2 research assistants from the
digiDEM Bayern project (MZ and ND) using the
translate-retranslate method. Apart from some general
adaptations, such as the correct assignment of the users’
residence, linguistic aspects were also taken into account, and
the texts were adapted to the German-speaking context. In some
translations, the number of letters in the word increased
noticeably (eg, farm - Bauernhof). A shorter related word (field
- Feld) was then used in these places. Additional instructions
were developed. The test adaptations aimed to ensure that both
the implementation and the evaluation could be carried out
entirely by the user or the system alone. At the start of the
original SATURN test, the participant was asked to read aloud
the task (close your eyes) and perform it [24]. Without a handler
to check the action, there could be no subsequent evaluation
(What phrase did you first read from this tablet?). Therefore,
the researcher chose an alternative task (tap on the yellow circle)
that also involved reading and performing an action.

The final screening test consists of tasks from 6 different
cognitive domains: Comprehension, Visuospatial, Orientation,
Memory, Calculation, and Executive Function. Points are
awarded for each task, which adds up to a maximum score of
30. The tasks must be completed without the help of other
people. Participants may use their visual aids to complete the
tasks; all other aids (eg, paper and pencil) are not permitted. A
detailed description and illustrations of the individual test tasks
can be found in Multimedia Appendix 1.

Another innovation is that the authors are developing the app
as a tablet and a smartphone version. Due to the smaller display
sizes, new components like the word selection task shown in
Figure 1 had to be created. The researcher also developed some
new logic to prevent larger adjustments, for example, that the
user is only allowed to undo the last connection at the last task
(tap on the circle with a blue background; Figure 2).

The following table (Table 1) shows the baseline characteristics
of the participants in the usability analysis. This is followed by
a description of the details of the individual events.
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Figure 1. Word selection task as visible on a smartphone.
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Figure 2. Trail Making Test as visible on a tablet.
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Table . Baseline characteristics.

FGD 2 (Prototype V3)Usability test (Prototype V2)FGDa 1 (Prototype V1)Study sample char-
acteristics

72113Study population

60.8 (53-69)70.2 (65-80)75.8 (66-84)Age (years), mean
(range)

Sex, n (%)

0 (0.0)8 (38.1)1 (7.7)Male

7 (100.0)13 (61.9)12 (92.3)Female

Education, n (%)

1 (14.3)0 (0.0)4 (30.8)Low

1 (14.3)10 (47.6)5 (38.4)Medium

5 (71.4)11 (52.4)4 (30.8)High

0 (0.0)5 (23.8)5 (38.4)Self-perceived cog-
nitive impairment,
n (%)

7 (100.0)2 (9.5)0 (0.0)Nonnative German
speaker, n (%)

—c82.4 (16.1)72.5 (1.6)SUSb (0‐100),
mean (SD)

8.7 (1.2)8.7 (1.5)7.3 (2.1)App rating (1-10),
mean (SD)

8.5 (1.0)8.95 (1.3)7.5 (2.9)Independent app
use (1-10), mean
(SD)

aFGD: focus group discussion.
bSUS: System Usability Scale.
cNot applicable.

In both the first 2 focus groups, the SUS score was slightly
lower in people with subjective cognitive impairment (FGD1:
healthy older adults=74.4; people with subjective cognitive
impairment=69.5; FGD2: healthy older adults=83.5; people
with subjective cognitive impairment=82).

The SUS score decreased with advanced age (FDG1: ≥80 years
old=63.8, 79‐70 years old=73.9, ≤70 years old=85.0;
FDG2:≥80 years old=75.0, 79‐70 years old=77.5, ≤70 years
old=85.0). People with a medium-level education had the best
scores on the SUS (FDG1=85.0; FDG2=83.3), followed by
people with a high-level education (FDG1=73.8; FDG2=83.0)
and people with a low-level education (FDG1=55.6).

Steps 3 and 4: Focus Group Discussion V1
The first FGD took place as part of a memory training group.
A memory training group is a frequent meeting of older adults,
in which those adults perform different memory training
exercises under the supervision of a group leader. Frequent
excursions are also part of this service. The service is offered
by a nonprofit organization (German: Wohlfahrtsverband) and
is led by a research associate in the project digiDEM. The group
consisted of a total of 13 participants. Their baseline
characteristics are shown in Table 1. On average, they used

modern technologies frequently (3.39) and showed an average
interest in technological innovations (3.00). Their
self-assessment of their competence in using modern technology
was moderate (2.39), but the fear of failure played only a
moderately important role (2.69).

Due to the large number of participants, 3 small groups were
formed for the test. Participants were able to extensively test
the app prototype and contact a research assistant with any
questions. The individual components of the prototype achieved
a subjective app rating of 7.3 (out of 10) points and an SUS
score of 72.5. Participants also generally felt able (7.5 out of
10) to use the app independently without outside help.
Subsequent group discussion of the results took place again in
a large group.

The 2 most significant areas of improvement were observed in
all the 3 small groups. Many participants recognized the letter
I as T due to the inverted commas (‘I’) and had problems
answering this task correctly. Participants also did not always
recognize the selected word, as only the radio button on the
right-hand side of the prototype showed their selection. The app
prototype (V1) is shown in Figure 3. Participants therefore
specifically requested that the entire line be colored when a
selection was made. The 2 adjustments are shown in Figure 4.
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Figure 3. Illustration of the prototype (V1).
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Figure 4. Final visualization (V4).

In addition, minor inconsistencies were noticed in this test, such
as the fact that sometimes “Next” and sometimes “Done” were
used to move on to the next task. The participants also wanted
the selected images to be marked more clearly and the contrast
and color intensity to be adjusted so that the colors could be
recognized more clearly. One participant commented that she
liked the “simple design” and that it did not distract from the
actual content. Another participant mentioned that the
instructions were too complex (“They were good instructions

that you could actually understand. But I really had to read very
carefully”). Therefore, the descriptive text has been simplified.
Feedback on the user-friendliness of the FGD was
predominantly positive. One participant particularly liked the
fact that she could use the app without having much prior
knowledge. The general consensus was that the app was easier
to use on a tablet than on a smartphone due to the larger screen
size. However, the smartphone version was also rated as usable
by participants. These points mentioned were discussed with
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the developers and incorporated into the second prototype
accordingly.

Steps 5 and 6: Think-Aloud Usability Evaluation (V2)
A total of 21 older adults, who were randomly selected from
participants in a dementia prevention event for older adults (≥65
years), participated in this usability test. Their baseline
characteristics are shown in Table 1. They most frequently use
modern technology (4) and are interested in technical
innovations (3.62). They rated their competence in modern
technology as average (3.33), while the fear of failure did not
play a significant role (2.48).

The quantitative key figures collected increased compared with
the first version. This prototype achieved a subjective app rating
of 8.7 (out of 10) points and an SUS score of 82.4. The
participants’assessment of using the app independently, without
external help, also increased significantly (8.95 out of 10).

Based on the researchers’ observations and the participants’
statements minor adjustments and precisions, such as allowing
€67 and €67.00 as the correct answer in the calculating task,
were made. Some users also commented negatively about the
last task’s descriptive text. Due to the length and complexity of
the content, the question was often not solved or only solved
with a hint from the research assistant. Based on this feedback,
the language of the text was revised again.

Step 7: Focus Group Discussion With Nonnative
Speaker (V3)
The last user test took place under the aspect of accessible
language and comprehensibility. To this end, an FGD was
conducted with people with a migration background. Seven
older adults took part in this FGD. Their baseline characteristics
are shown in Table 1. They came from 4 different countries
(Iraq, Kuwait, Sri Lanka, and Syria) and were all nonnative
German speakers. They most frequently use modern technology
(3.86) and are interested in technical innovations (3.57). They
rated their competence in modern technology as average (3.14),
while fear of failure played a minor role (2.58).

The quantitative indicators collected were similar to those of
the German-speaking users. This prototype achieved a subjective
app rating of 8.7 (out of 10) points. These participants also rated
the success of using the app independently, without external
help, at 8.5 (out of 10). Unfortunately, no SUS score could be
obtained from this group due to the language barrier.

Two relevant changes emerged from the group discussion. First,
a note on scrolling (Figure 4) was added in the appropriate
places, and second, the language was adapted. A total of 5 of
the 7 participants answered one of the initial questions (Select
the fruit from the list.) incorrectly. The participants confused 2
words “Kirsche (cherry)” and “Kirche (church),” which are very
similar in German. As this error does not indicate a possible
cognitive decline, the word “Kirche (church)” was changed to
“Kapelle (chapel).”

Step 8: Development and Deployment of the First
Ready-to-Use digiDEM-SCREEN Version (V4)
In this step, the digiDEM-SCREEN test was finalized as a
screening app for recording the current cognitive status of users.
A validation study is currently underway. The test will be
administered to patients in outpatient memory clinics and its
sensitivity and specificity will be evaluated in the context of
existing diagnoses and other nondigital cognitive tests. As part
of the validation, cut-off values for categorizing current
cognitive ability will also be determined as part of the validation.
Depending on the test result, the user is given a short
recommendation and options for action. If the result is above
the threshold value calculated in the validation study, the
screening does not indicate memory impairment. It is
recommended that the test be repeated at regular intervals to
monitor changes in memory performance. If the final result is
below the threshold, further neuropsychological assessment in
a memory outpatient clinic is recommended.

A study is currently underway to determine the sensitivity and
specificity of the developed screening test (V4) and its
correlation with the Montreal Cognitive Assessment [26]. For
increased transparency, the research group has registered the
project in the German Clinical Trials Register (DRKS)
(registration number: DRKS00033764). After validation, the
test will be available free of charge to anyone interested.
Different randomization options have been used to minimize
the learning effect. There are 5 versions of the test, which differ
in the order of the numbers to be memorized. In addition, the
position of each answer option is randomized for each test
session. There are also plans to offer the screening test in
different languages in the future. The possibility of
multilingualism has already been taken into account in the
programming of the app. This will be easy to implement once
further translations have been validated.

Discussion

Principal Findings
There is a lack of evidence in the field of freely accessible apps
for people with dementia, especially screening apps. A study
published in 2023 showed that there are not any scientific studies
to prove the effectiveness of any of the German-speaking
screening apps [8].

A user-friendly app should have 3 main characteristics:
typography appropriate for the target group (eg, recognizable
icons), intuitive operation, such as fewer clicks to the desired
action, and simplicity (eg, simple navigation) [27]. Three key
stakeholder groups were involved in developing the
digiDEM-SCREEN app: the digiDEM research team, the
software development team, and the target user group (older
adults ≥65 years with and without subjective cognitive
impairments). Developing an app for older adults presents
several challenges, both technical and social. Older adults may
have less technology experience and difficulty understanding
complex user interfaces [28]. Many older adults also have
age-related limitations, such as visual or hearing impairments
[29]. Cognitive abilities can decline with age, making complex
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apps more difficult to use. The app should be tailored to the
cognitive needs of older users, for example, by providing clear
instructions and simple interactions. Considering these
challenges when developing an app for older adults can help to
create a user-friendly and accessible application that improves
the lives of older people and promotes their independence [27].
In order to make the app as user-friendly as possible, feedback
from potential future end users is essential. A critical
examination of the study population shows that the participant
structure is dominated by women in terms of gender. This could
lead to a distortion of the results, as the findings may not be
transferable to the entire target group. However, an empirical
comparison of the usability of a mail app between male and
female users showed that there are no statistically significant
differences in the performance criteria of efficiency,
effectiveness, and satisfaction between the 2 groups [30].
Another study examined whether there were systematic
differences between women and men in the evaluation of the
user experience of 3 websites and showed that there were no
significant differences between the genders. Personal attitudes
and preferences have a greater influence on the results [31].

The activities summarized under the term “patient and public
involvement” enable patients to be actively involved in the
planning and development of new products. International
associations such as Alzheimer Europe as well as scientists are
very interested in encouraging the active involvement of people
with dementia in research for brainstorming and counseling
[32].

Digital health apps often struggle with low adherence. One
possible reason for this is users’ personal frustration with the
content of the intervention, the way it is presented, and the
nonintuitive handling [33]. The selected user-centered design
could sustainably increase adherence. Users have unique
knowledge, perspectives, and experiences that can influence a
product’s quality, appropriateness, and user-friendliness. User
testing is an essential part of the iterative development process
and contributes to increasing the quality and success of the app
[34]. Prototypes make it possible to recognize potential problems
or weaknesses in user interaction or design at an early stage.
By discovering these problems at an early stage, expensive
changes or new developments in later phases of development
can be avoided [35]. Thus, using the prototype design in the
first workshop provided the team with a cost-effective way to
get feedback and evaluate the idea. In the user tests, the tablet
prototype of the app performed better than the smartphone
version. The participants mainly criticized the smaller font and
display size, which made it somewhat difficult to enter answers
in some places. Despite these criticisms, the smartphone version
was still rated as user-friendly. Smartphones are the most
common mobile devices. A study by Weber et al [36] from 2020
found that an average of 41.4% of 71.6-year-old participants
used their own smartphone. Due to the high availability of
smartphones among seniors, the research team decided to stick
with both versions. The mobile app also works offline, so no
internet connection is necessary. Those decisions made it
possible to reach a larger number of potential users. During the
test phases, the participants did not use their devices, which
they were familiar with in everyday life, but devices provided

by the research team. For example, the display size, operating
system (or at least the version), and individual settings may
differ from their device. It is expected that user-friendliness will
be even higher when users utilize their own smartphone or tablet.

The workshop participants were positive about the experience
and gave constructive comments on the app. In addition, the
SUS score also increased with each iteration of the app version.
Bangor et al [37] described that products with a SUS score of
90 points and above were rated as exceptional, products with a
SUS score of 80 points were rated as good, and products with
a SUS score of 70 points were rated as acceptable. Anything
below 70 points had usability issues that were a cause for
concern. That means all SUS assessments are above the average
and at least rated as acceptable. The prototype V1 gained a SUS
score of 72.5 from the participants of the FGD. The rating of
the second app version was notably better (SUS score: 82.4)
and, therefore, rated as good. Due to some comprehension
difficulties, unfortunately, no SUS score could be raised in the
second FGD. Whenever questionnaires are used directly with
people with dementia, the questions should be short and
understandable (no technical terms), and double negatives
should be avoided [27].

The results of the user evaluations showed that a user-friendly
screening test for people with subjective cognitive impairments
could be developed for the German-speaking population.

The main focus of the focus groups was on minimizing potential
sources of error. Nevertheless, there is still a residual risk that
the test cannot be carried out properly. If the first 3 simple test
tasks are not answered correctly, an end screen appears with
the message that the test cannot be carried out due to technical
or language barriers. In this case, the user is advised to visit a
specialized clinician. In the general instructions before the start
of the test, participants are also informed that for example visual
aids should be used.

Strengths
Different potential end users were included in the development
process of the digital screening test as an app in order to improve
usability and avoid technical or linguistic barriers. Moreover,
additional languages and other extensions like a dementia
prevention module can be added to the app.

Limitations
There was no random sampling of participants. Furthermore,
although the SUS scale is the most frequently used scale to
assess the user-friendliness of IT applications, it also has its
weaknesses. The results of a systematic review show that some
studies found that the double-negative questions from the SUS
are challenging to understand for people with dementia [27].
With this knowledge in mind, we used simple language and no
double negatives for the remaining questions we phrased. In
the first FGD, the researchers had to explain individual questions
to the group, and no SUS score could be collected in the last
FGD. Most of the participants needed help understanding the
questions. They were, therefore, unable to give reliable answers.

JMIR Hum Factors 2025 | vol. 12 | e65022 | p.1072https://humanfactors.jmir.org/2025/1/e65022
(page number not for citation purposes)

Zeiler et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Conclusions
The development of digiDEM-SCREEN serves as an excellent
example of the importance of involving experts and potential
end users in the design and development process of health apps.
From the initial stages of the project, experts were engaged in
the content and design realization, providing a solid foundation
for further development. The intensive testing phase, in which
various end users tried out the app prototype in several iterations,
clearly demonstrated the value of early and continuous feedback
for improving the final product. This research highlights the
significance of a user-centered design approach, allowing
content, text, and design to be optimally tailored to the needs
of the target audience. From these findings, it can be concluded

that future projects in the field of health apps would also benefit
from a similar approach. Research teams and app developers
should integrate user-centered design practices into their
development processes to ensure that the applications they create
are not only functional but also user-friendly and appealing to
the target audience. Such an approach could significantly
enhance the acceptance and effectiveness of health apps, thereby
making a valuable contribution to digital health care. A close
collaboration with end users leads to products that not only meet
current standards but also address the actual needs and
expectations of users. This is a crucial step toward improving
health technology and promoting broader adoption of such
digital tools.
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Abstract

Background: Muscle fatigue, characterized by reduced force generation during repetitive contractions, impacts older adults
doing daily activities and athletes during sports activities. While various sensors detect muscle fatigue via muscle activity,
biochemical markers, and kinematic parameters, a real-time wearable solution with high usability remains limited. Plantar pressure
monitoring detects muscle fatigue through foot loading changes, seamlessly integrating into footwear to improve the usability
and compliance for home-based monitoring.

Objective: This study aimed to investigate the effects of muscle fatigue on plantar pressure measurements using a self-developed
wearable plantar pressure system.

Methods: Twelve healthy participants completed a 5-minute calf muscle fatigue protocol. The plantar pressures and surface
electromyography (sEMG) activity of the gastrocnemius muscles were recorded before and after exercise. The plantar pressures
at 6 regions and the median frequency (MDF) of sEMG were analyzed to quantify fatigue.

Results: The self-developed foot pressure system showed a significant decrease in plantar pressure peak values at the heel of
the left (P=.003) and right feet (P=.001) and at the lateral toe of the left (P=.001) and right feet (P=.026). A significant increase
was observed at the metatarsal head of both the left foot (P=.001) and the right foot (P=.017). The MDF of sEMG signals
significantly decreased in the left (P=.001) and right gastrocnemius (P<.001).

Conclusions: Plantar pressure changes and sEMG signals effectively detect gastrocnemius muscle fatigue using the proposed
wearable system, supporting the development of a wearable solution for detecting muscle fatigue suitable for home-use.

(JMIR Hum Factors 2025;12:e65578)   doi:10.2196/65578

KEYWORDS

muscle fatigue; plantar pressure sensors; wearable devices; home-based monitoring

Introduction

Muscle fatigue, characterized by the reduced ability to generate
adequate force during repetitive contractions [1], affects
performance across different groups and activities including
daily activities of older adults as well as athletes during sports.
Muscle fatigue disrupts the neuromuscular system and affects
different aspects such as muscle strength, force production, and
movement patterns, resulting in stiffness of the muscles and
joints, impaired motor control, and poor balance [2], thereby
increasing the risk of injuries. For instance, in badminton
players, muscle fatigue impairs neuromuscular coordination,
by reducing input from the foot sole receptors, and muscle force
production, leading to weaker responses and decreased reaching
distance performance [3]. Running-induced fatigue reduces
lower limb muscle activity, decreases shock absorption capacity,
and alters plantar pressure distribution [4], thus increasing the

risk of running-related injuries such as stress fractures in the
foot [5]. Mello et al highlighted how fatigue delays the
gastrocnemius muscle’s activation by 1 second relative to the
center of pressure, thus impairing balance [6]. Furthermore,
Morrison et al found that muscle fatigue in older adults (aged
60‐79 years) significantly increased reaction times, postural
sway, and fall risk compared to younger individuals (aged
30‐59 years) [7].

Muscle fatigue can be detected through various methods,
including blood lactate concentration [8], electromyography
(EMG) [9], mechanomyography (MMG) [10], near-infrared
spectroscopy (NIRS) [11], and kinematic parameters using
inertial measurement units (IMUs) [12]. While the lactate
concentration provides an estimation of global fatigue, it cannot
monitor fatigue in real-time [8]. MMG, NIRS, and IMUs can
be used in wearable forms; however, the use of NIRS and MMG
has challenges owing to issues such as time lags, the use of
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MMG has susceptibility to motion artifacts [13], and the use of
IMUs needs further research regarding the relationship between
kinematic parameters and muscle fatigue [14]. Surface
electromyography (sEMG) is a widely used wearable method
for real-time monitoring of local muscle fatigue by measuring
myoelectric activity [15]. Fatigue reduces muscle fiber
conduction velocity, shifting the sEMG power spectrum to lower
frequencies (eg, decreased median frequency) and increasing
signal amplitude. sEMG captures these changes and quantifies
muscle fatigue using time-domain or spectral parameters [8].
However, the use of sEMG in a home setting is difficult, owing
to the challenges of correctly attaching the electrodes and
regularly wearing the device without assistance [16].

Adherence is a critical factor for effective daily monitoring, as
meaningful and continuous data are required for accurate
analysis [17]. Wearable devices integrated with mobile apps
present promising healthcare solutions for home-based
monitoring. The integration of hardware sensors and software
mobile apps enables continuous and unobtrusive monitoring,
thereby providing real-time data analysis that can support timely
interventions [18]. A suitable alternative wearable approach for
muscle fatigue monitoring is the use of plantar pressure sensors,
which can be seamlessly integrated into a shoe’s insole for daily
comfortable wear. Wearable plantar pressure sensors in the foot
insole are widely used for the detection of diabetic foot ulcers
[19], gait analysis, and the measurement of the ground reaction
force [20] and the center of pressure [6]. Muscle fatigue impacts
body mechanics and alters foot loading patterns, measurable
through plantar pressure at different foot regions. Considerable
research has explored changes in plantar pressure following
various physical activities linked to lower limb muscle fatigue,
such as badminton [21], walking [22], and long-distance walking
[23].

Despite the aforementioned advancements, wearable foot plantar
systems for detecting muscle fatigue in everyday physical
activities have yet to be designed. In this study, the effect of
calf muscle fatigue in healthy participants was investigated
using a self-developed wearable plantar pressure system that
was suitable for daily use. The results can provide a muscle
fatigue detection method for developing a wearable plantar
pressure monitoring system

Methods

The Digital Foot Pressure System
A self-developed digital foot pressure system was utilized in
this study. Figure 1 shows the wearable plantar devices for both
the left and right feet as well as the measurements of the devices.
Each device, designed to be worn comfortably with shoes, is
equipped with 6 pressure sensors (A301 Flexiforce, Tekscan
Inc.). The system also has a nRF52840 microprocessor (Nordic
Semiconductor) used for the analog-to-digital converter
measurement of foot plantar pressure, a wireless Bluetooth 5.0
module for data transmission, and a lithium-ion battery for
power supply. The system operates with a sampling rate of 100
Hz, ensuring high-resolution data capture. The data from the 6
pressure sensors in both the left and right devices can be
transmitted wirelessly in real time via Bluetooth to a
custom-developed Android mobile app. This app facilitates
real-time data display, analysis, and cloud storage, as shown in
Figure 2. The pressure sensors are strategically arranged on the
foot insole to cover 4 main plantar anatomical areas: the toes,
metatarsals, arch, and heel. This general layout enables accurate
measurement of natural gait; the layouts of the toes and
metatarsals are further divided into 2 parts to capture plantar
pressures along the mediolateral axis during walking [24].

Figure 1. Wearable plantar pressure device in an insole format. (A) Foot insole with 6 regions of pressure measurements: hallux (HA), lesser toe (LT),
first metatarsal (M1), fifth metatarsal (M5), arch, and medial heel (MH); (B) Coordinates of the 6 pressure sensors on the insole.
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Figure 2. Overview of the digital mobile app for the wearable plantar pressure device. (A) Bluetooth connection page for the devices on the right and
left feet; (B) Bluetooth connectable device page; (C) real-time streaming graph showing plantar pressure data; and (D) Cloud storage for historical data.

Ethical Considerations
The research was approved by the Ethics Review Board of the
Chung Yuan Christian University for Human Subjects Research
(No. 8800-4-07-002). The participants were informed of the
requirements and procedures of the entire experiment, and
written consent was obtained before testing.

Subjects
A briefing session was conducted to familiarize the participants
with the fatigue protocol and the walking test to be used in the
research. Twelve healthy participants from the Chung Yuan
Christian University, Taiwan, were recruited for the research.
The mean (SD) age of the participants was 23.7 (2.6) years, and
their mean (SD) weight was 62.4 (6.3) kg. The dominant limb
of each participant was determined by identifying which foot
would step out first once they started walking. The exclusion
criteria included participants with plantar fasciitis or flatfoot
and those who could not run independently for 5 minutes. Given
that these foot disorders were excluded, experiments for
minimizing variability could be performed. Then, suitable foot
insole sizes were given to the participants.

Experimental Procedures
The experimental procedures were divided into 4 main steps.
First, baseline tests were performed to measure the EMG of
muscle activity and foot plantar pressure in both the legs. During
the baseline test, the sEMG activities of the participants’
gastrocnemius and rectus femoris muscles in the right and left
legs were recorded using sEMG electrodes (T709, Comepa,
France) and a data acquisition instrument (MP36, Biopac Inc.,
USA). The skin of each participant was cleaned with alcohol
before the electrodes were attached. The sEMG muscle activities
were recorded at a sampling rate of 2000 Hz. The plantar
pressures at 6 locations in the left and right legs were measured
simultaneously with sEMG. The plantar pressures were recorded
using the wearable foot plantar device that was developed

specifically for this study. Then, timed up-and-go and 10-meter
walk tests were conducted; the participants were asked to rise
from a standard chair, walk for 10 meters at their most
comfortable speed, turn around, walk back. and sit down again
[25].

After the baseline test, each participant was instructed to perform
a fatigue exercise. All the participants were asked to place a
weight-bearing apparatus on each leg and perform forefoot
running for 5 minutes. The weight-bearing apparatus was 1/20th
of a participant’s weight [26]. sEMG data were collected from
the gastrocnemius and rectus femoris muscles to capture the
electrical activity associated with muscle contractions, and the
wearable foot plantar pressure device was used to monitor
changes in pressure distribution under the feet. This dual
approach allowed the fatigue levels in both the muscles to be
evaluated and quantified. After the exercise, the rating of
perceived exertion (RPE) scale was used to assess and document
each participant’s perceived level of fatigue. Postfatigue
measurements were recorded immediately after the fatigue
protocol, while the participants performed timed up-and-go and
10-meter walk tests, and sEMG and foot plantar pressure
measurements for both legs were collected.

EMG Muscle Fatigue Analysis
Three consecutive sEMG signals from the gastrocnemius and
rectus femoris muscles were averaged for prefatigue and
postfatigue analyses. The sEMG envelope was calculated from
the raw sEMG signal through a 20‐500–Hz finite impulse
response bandpass filter. The signal was then processed via fast
Fourier transformation to calculate the power spectrum median
frequency (MDF) of the sEMG. A shift in the MDF to a lower
frequency during exercise is considered localized muscle fatigue
[27]. This method allowed researchers to determine whether
muscle fatigue was induced in the gastrocnemius muscles,
thereby increasing confidence in these data’s correlation with
foot plantar pressure data. The MDF is the frequency at which
the EMG power spectrum is transmitted, and it is given by
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(1)∑j=1MDF Pj=∑j=MDFM Pj=12∑j=1M pj,

where Pj is the power spectrum of the EMG at frequency bin j.
The MDF splits the power spectrum of the EMG into two
equal-amplitude regions.

The RPE Scale Analysis
The RPE scale was utilized to assess each participant’s
self-reported fatigue level. This subjective measurement tool is
widely employed in the fields of physical activity, exercise, and
sports to evaluate an individual’s perceived effort and fatigue
during physical tasks [28]. Participants rate their exertion based
on sensations such as increased heart rate, breathing rate, muscle
fatigue, and overall physical strain. The Borg RPE Scale,
ranging from 6 to 20, is one of the most commonly used
versions, with higher scores indicating greater levels of exertion
[29].

Foot Plantar Pressure Analysis
Foot plantar pressure data, obtained using the developed digital
foot plantar system and the commercial system, were
simultaneously collected with the EMG data. The 6 plantar
pressures in the left and right feet obtained in this research
represent 6 anatomical areas of the foot: hallux (HA), lesser toe
(LT), first metatarsal (M1), fifth metatarsal (M5), arch, and
medial heel (MH). The peak pressures (Pa) in these 6 anatomical
areas were analyzed and calculated from the raw plantar pressure
data via MATLAB version R2022a (Mathworks Inc.). The
measurements for the three consecutive prefatigue and
postfatigue tests were averaged and compared. On the basis of
the preliminary results, changes in the mean peak pressure of

the 6 anatomical areas before and after the fatigue protocol were
determined.

Statistical Analysis
In this study, the MDFs of the sEMG signals and the mean peak
plantar pressures in each anatomical area for each participant
before and after the fatigue protocol are presented as the means
(standard errors). A paired t test with repeated measures was
used to compare the MDFs of sEMG signals from the
gastrocnemius and rectus femoris muscles before and after
fatigue exercise. Then, a paired t test with repeated measures
was used to detect significant differences in the 6 anatomical
areas (ie, HA, LT, M1, M5, arch, and MH) before and after
muscle fatigue exercise for the wearable plantar pressure system.
All the statistical tests were performed with the significance
level of P<.05.

Results

The data for muscle fatigue, RPE, and mean plantar pressure
were collected and analyzed using a paired t test.

MDFs of sEMG in Detecting Muscle Fatigue
The MDFs of the sEMG data of the gastrocnemius and rectus
femoris muscles are presented in Figure 3. The MDFs (SD) of
the sEMG data of the left and right gastrocnemius muscles
significantly decreased from 93.6 (22.8) Hz to 86.1 (24.6) Hz
in the left foot and from 81.3 (15.5) Hz to 72.1 (16.6) Hz in the
right foot after exercise for muscle fatigue (P=.001 and P<.001,
respectively). However, the MDF of the sEMG before and after
muscle fatigue exercise did not significantly differ between the
left and right rectus femoris muscles.
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Figure 3. Medium frequency of the sEMG for the gastrocnemius (GA) and rectus femoris (RF) muscles in the left and right legs before the fatigue
exercise (prefatigue) and after the fatigue exercise (postfatigue). sEMG data of the left and right gastrocnemius muscles significantly decreased after
the exercise for muscle fatigue (P=.001 and P<.001, respectively).

The RPE Scale in the Muscle Fatigue Protocol
The RPE scale was used in the experiment to assess the muscle
fatigue levels of the 12 participants. All the participants reported
that the level of fatigue in the gastrocnemius muscle was greater
than that in the rectus femoris. The analysis of the average RPE
scores revealed that the mean fatigue level for the gastrocnemius
muscle was 14.3 (SD 1.3), whereas the mean fatigue level for
the rectus femoris was 7.0 (SD 1.3). The significant difference
in fatigue levels (P <.001) between the two muscles aligns with
the analysis of MDF in the sEMG data. These findings

confirmed that the gastrocnemius muscle experienced greater
fatigue than the rectus femoris did during the experiment.

Foot Plantar Pressure in Detecting Muscle Fatigue
The data for the left and right feet (Figure 4A and B,
respectively) were obtained using a developed digital plantar
pressure measurement system. Figure 4 shows the changes in
plantar pressure before and after fatigue. The changes were
noticeable in terms of the plantar pressure at the HA, LT, and
MH on both feet after gastrocnemius muscle fatigue. The
pressure values at other locations also changed, but they were
not statistically significant.

JMIR Hum Factors 2025 | vol. 12 | e65578 | p.1080https://humanfactors.jmir.org/2025/1/e65578
(page number not for citation purposes)

Chen et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Figure 4. Mean peak plantar pressure before the fatigue exercise (prefatigue) and after the fatigue exercise (postfatigue) by sensor positions: hallux
(HA), lesser toe (LT), first metatarsal (M1), fifth metatarsal (M5), arch, and medial heel (MH) in the (A) left foot: a statistically significant decrease in
the mean plantar pressure peak values was observed in the HA (P=.003) and LT (P=.001), while the MH showed a statistically significant increase
(P=.001) after the fatigue exercise; and (B) right foot: a statistically significant decrease in the mean plantar pressure peak values was observed in the
HA (P=.001) and LT (P=.026). A significant increase was noted in the MH position after fatigue (P=.017).

The mean plantar pressure values were measured using the
self-developed foot pressure system. A significant decrease was
observed in the mean plantar pressure peak values in the HA
of the left foot (P=.003) and right foot (P=.001) and in the LT
of the left foot (P=.001) and right foot (P=.026). A significant
increase was observed in the mean plantar pressure peak value
in the MH position after fatigue in both the left and right feet
(P=.001 and P=.017, respectively). The mean plantar pressure
peak value in the right HA decreased by 32.6%, from 883.2
(366.8) gf to 595.1 (349.2) gf, and that in the left HA decreased
by 31.9%, from 900.7 (396.2) gf to 612.8 (284.0) gf. The mean
plantar pressure peak value in the right LT decreased by 31.1%,
from 325.8 (210.6) gf to 223.7 (141.4) gf, and that in the left
LT decreased by 33.9%, from 435.6 (162.0) gf to 287.8 (115.8)
gf. The mean plantar pressure peak value in the right MH
increased by 7.2%, from 1343.4 (385.7) gf to 1440.3 (406.8)
gf, and that in the left MH increased by 11.0%, from 1265.5
(313.0) gf to 1404.9 (304.4) gf. The changes in the mean peak
pressure in the M1, M5, and arch positions were not significant.
However, the M1 and arch positions showed a change in the
mean peak pressure in both the left and right feet. In contrast,
we observed an increase in the mean peak pressure in the M5
position in the left and right feet of 12.5 (24.5) gf and 52.0 (79)
gf, respectively. The details of the changes in the mean peak
plantar pressures before and after fatigue exercise by sensor
position via the wearable plantar pressure system are shown in
Multimedia Appendix 1.

Discussion

Principal Findings and Comparison With Previous
Works
The results of this study demonstrated that muscle fatigue in
the gastrocnemius significantly affects the plantar pressure in
the HA, LT, and MH regions in both the legs. In particular, the
mean peak plantar pressure in the HA and LT regions
significantly decreased and that in the MH regions significantly

increased after 5 minutes of muscle fatigue exercise in the
gastrocnemius compared with the value before the fatigue
exercise. This finding was determined using the self-developed
wearable foot plantar pressure system proposed in this research.
Muscle fatigue exercise in this study induced muscle fatigue
solely in the calf area, which corresponded with a significant
decrease in the MDF of the sEMG of the gastrocnemius muscle
but not in the MDF of the sEMG of the rectus femoris. As
presented, sEMG is highly muscle-specific and effective for
detecting localized muscle fatigue; it is not useful to detect
muscle fatigue in deeper muscles like the tibialis posterior in
the calf area [5]. Pressure sensors offer an alternative by
measuring the fatigue in muscles through shifts in loading
patterns, providing a broader and more accessible assessment.

The findings of this study align with existing literature, showing
that muscle fatigue in the lower limb induces a significant
decrease in the mean pressure in the HA area and a shift in
plantar pressure from the forefoot to the hindfoot [21,23,30,31].
This could be due to individuals starting to adapt their plantar
pressure pattern from the forefoot to the hindfoot to avoid
overuse of the forefoot [23]. The literature also revealed a
significant decrease in the first metatarsal region. Similar
findings were observed in this study, but the results in the first
and fifth metatarsals and arch regions were not statistically
significant. This discrepancy could stem from differences in
fatigue protocols, as more intensive activities, such as 30-minute
runs, lead to greater pronation and increased medial midfoot
loading, whereas walking shows no such midfoot differences
[32-35]. Additionally, subject variability, including anatomical
factors such as arch height and leg-length differences, may
contribute to variance in medial midfoot pressure [30,36]. For
instance, flat feet increase loading on the medial longitudinal
arch, while high arches shift the load to the lateral edge [37].

In this study, a shift in loading from the forefoot region
including the HA and LT to the hindfoot including the MH after
5 minutes of fatigue exercise results in gastrocnemius muscle
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fatigue. This finding could serve as an indicator for real-time
monitoring of lower limb muscle fatigue, aiding in the
prevention of injuries or falls in older adults and athletes. When
a healthy person participates in sports such as badminton or
running, muscle fatigue of the lower limb may be expected.
These fatigued muscles can result in compromised reaction
times, joint stability, and dynamic balance, thereby reducing
impact absorption, which heightens the risk of injuries [21,38].
Athletes and coaches should monitor for fatigue alerts and
ensure timely rest to recover muscle strength, preventing
performance issues and injuries [39]. For older populations,
particularly those at high risk of falls, such as patients with
sarcopenia [40] or stroke [41], this system enables continuous
home-based monitoring of plantar pressure patterns. A shift in
plantar loading from the forefoot to the hindfoot could trigger
alerts for rest to individuals or caretakers, minimizing fall risks
associated with muscle fatigue.

Usability is a key factor in the adoption of digital health
technologies such as the proposed wearable plantar pressure
system [42]. Compared to sEMG, MMG, NIRS, or IMU
wearable devices, its shoe-based form offers a user-centered
design for daily wear, eliminating the need for users to
remember and attach it correctly, thereby enhancing acceptance
and compliance in home settings. A previous study highlighted
the importance of face-to-face interactions with physicians in
increasing their trust in digital health technologies [43]. Clinical
or expert recommendations play a critical role in encouraging
patients to adopt the device. The system’s ability to support
effective remote patient management allows both users and
experts to review and monitor past performance or clinical
conditions, thus fostering engagement [44]. These features,
combined with its user-friendly design and portability, enhance
the system’s feasibility and scalability for home-based
applications, promoting widespread adoption.

Limitations
This study has some limitations. First, direct evidence for the
development of muscle fatigue in the gastrocnemius could not

be provided by this study, given that muscle force was not
directly measured. Instead, the MDF of the sEMG signal, which
shifted to a low frequency, was used as an indicator of muscle
fatigue; this approach is a common research method for
measuring muscle fatigue [45-47]. The decrease in MDF was
likely caused by changes in the properties of the muscle fibers,
such as decreased conduction velocity and increased muscle
fiber recruitment [48]. The MDF of the sEMG measurement
might also be affected by factors other than fatigue, such as the
muscle fiber type [49] and motor unit firing rate [50]. However,
this limitation was compensated by the RPE scale questionnaire.
Second, the effects of fatigue were measured only in the rectus
femoris and calf gastrocnemius muscles; the effect of upper leg
fatigue on plantar pressure was ruled out. sEMG measurements
of other calf muscles, such as the tibialis anterior, can provide
insights into a particular calf muscle’s interaction with plantar
pressure. The short test duration and limited wearing time
(10‐20 min) in this study may not accurately represent real-life
scenarios, necessitating extended testing to better simulate
prolonged activities. In addition, wearable devices must adapt
to various environments and wearing conditions, as factors such
as daily wear and tear, temperature, humidity, flooring, and
uneven terrain can impact sensor performance.

Conclusions
The results of this study demonstrated a significant decrease in
the mean plantar peak pressure in the HA and LT and an
increase in the mean plantar peak pressure in the MH as an
indicator of the onset of muscle fatigue in the gastrocnemius.
This work is an exciting proof-of-concept outcome showing
that muscle fatigue in the gastrocnemius can be detected via a
wearable plantar pressure system. These findings can be used
to further develop a wearable lower limb muscle fatigue
monitoring system for minimizing injury risk in sports or during
the daily activities of older adults.
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EMG: electromyography
HA: hallux
IMU: inertial measurement unit
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M5: fifth metatarsal
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MMG: mechanomyography
NIRS: near-infrared spectroscopy
RPE: rating of perceived exertion
sEMG: surface electromyography
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Abstract

Background: Targets of bullying are at high risk of negative socioemotional outcomes. Bullying programming in rural schools
is important as bullying is more prevalent in those schools compared to urban schools. Comprehensive, school-wide bullying
programs require resources that create significant barriers to implementation for rural schools. Because technology-based programs
can reduce implementation barriers, the development of a technology-based program increases access to bullying prevention in
rural settings.

Objective: We aimed to conduct usability testing of a bystander bullying intervention (STAC-T). We assessed usability and
acceptability of the STAC-T application and differences in usability between school personnel and students. We were also
interested in qualitative feedback about usability, program features, and feasibility.

Methods: A sample of 21 participants (n=10, 48% school personnel; n=11, 52% students) recruited from 2 rural middle schools
in 2 states completed usability testing and a qualitative interview. We used descriptive statistics and 2-tailed independent-sample
t tests to assess usability and program satisfaction. We used consensual qualitative research as a framework to extract themes
about usefulness, relevance, needs, barriers, and feedback for intervention development.

Results: Usability testing indicated that the application was easy to use, acceptable, and feasible. School personnel (mean score
96.0, SD 3.9) and students (mean score 88.6, SD 9.5) rated the application well above the standard cutoff score for above-average
usability (68.0). School personnel (mean score 6.10, SD 0.32) and students (mean score 6.09, SD 0.30) gave the application high
user-friendliness ratings (0-7 scale; 7 indicates highest user-friendliness). All 10 school personnel stated they would recommend
the program to others, and 90% (9/10) rated the program with 4 or 5 stars. Among students, 91% (10/11) stated they would
recommend the program to others, and 100% (11/11) rated the program with 4 or 5 stars. There were no statistically significant
differences in ratings between school personnel and students. Qualitative data revealed school personnel and students found the
application useful, relevant, and appropriate while providing feedback about the importance of text narration and the need for
teacher and parent training to accompany the student program. The data showed that school personnel and students found a tracker
to report different types of bullying witnessed and strategies used to intervene by students a useful addition to STAC-T. School
personnel reported perceiving the program to be practical and very likely to be adopted by schools, with time, cost, and accessibility
being potential barriers. Overall, findings suggest that the STAC-T application has the potential to increase access to bullying
prevention for students in rural communities.

Conclusions: The results demonstrate high usability and acceptability of STAC-T and provide support for implementing a
full-scale randomized controlled trial to test the efficacy of the application.
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Introduction

Background
National statistics indicate that bullying is a national public
health issue in the United States, with 19.2% of students aged
12 to 18 years reporting being bullied at school in the past year
[1]. Bullying peaks in middle school, with 26.5% of sixth-grade
students reporting being a target of school bullying, followed
by 26.3% of seventh graders and 25.1% of eighth graders.
Among students who report being bullied, 21.6% report being
bullied online. Findings from a meta-analysis examining
consequences of bullying have indicated that students who are
targets of bullying report a wide range of negative mental health
outcomes, including symptoms of anxiety, posttraumatic stress,
depressive symptoms, nonsuicidal self-injury, suicidal ideation,
and suicide attempts [2]. Similarly, being a target of
cyberbullying is associated with internalizing symptoms, suicidal
ideation [3-5], and alexithymia and psychotic experiences [6].
Thus, it is imperative to develop effective interventions for
middle school students that are accessible and easy to implement
to reduce bullying and the associated negative consequences.

Youth in Rural Schools
Students attending school in rural communities are at high risk
of experiencing both school bullying and cyberbullying [7-9].
According to US national statistics, the highest rates of bullying
among rural youth in the past decade were reported in 2019,
with 27.7% or rural students reporting being bullied compared
to 22.4% of students in urban areas [10]. Although rates of
bullying peaked in 2019 for both rural and urban students, the
most recent US national statistics indicate that the prevalence
of school bullying victimization continues to be higher among
students in rural areas (23.8%) than among students in urban
areas (19%) [1]. Furthermore, among targets of bullying,
students attending rural schools are also more likely to report
being bullied online (23%) compared to students attending urban
schools (19.5%). Rural students also report a higher rate of
being bullied with repetition (18.8%) compared to urban students
(14.4%). Among middle school students attending schools in
rural communities, bullying victimization is associated with
poor school relationships, negative school experiences [11],
and depression and anxiety [11,12]. These data suggest the
importance of developing school-based bullying prevention
programs specifically for students in rural communities.

School-Based Bullying Interventions
Comprehensive, school-wide interventions are effective in
reducing bullying and the associated negative mental health
outcomes [13]. Furthermore, bystander training (eg, teaching
students who witness bullying to intervene in bullying situations)
is an important intervention component [13]. Although up to
80% of students report witnessing bullying [14], only 20%
intervene [15]. Because students report that they do not know
how to intervene when they witness bullying [16], bystander

training is a promising approach to bullying prevention.
However, few comprehensive school-based programs
incorporate bystander training. In addition, comprehensive,
school-wide bullying prevention programs are expensive,
complex, and time intensive and require extensive training [17].
Because these interventions require substantial resources, many
schools face implementation barriers. Schools in rural
communities may also face economic disparities, creating further
implementation challenges [18], including a lower tax base,
increased training costs due to bringing in expert trainers,
frequent staff turnover, school closures, staff overload, and lack
of program advocates in bullying prevention [19]. Challenges
related to logistical problems, training requirements, and limited
funding can negatively impact program adoption and
sustainability [19].

Shifting to a Technology-Based Bullying Intervention
Technology-based interventions have the potential to improve
access to programming and decrease implementation barriers
experienced in rural communities [19]. Although some rural
areas have higher rates of poor internet connectivity, eligible
schools in rural communities can receive discounts for internet
and broadband services [20]. Federal grants to build broadband
infrastructure in rural areas are also available [21]. In addition,
research conducted with key middle school personnel (ie,
administrators, teachers, and school counselors) in rural
communities indicates both a strong interest in technology-based
bullying prevention programs and positive implementation
conditions (eg, administrative support and technology readiness)
[22]. Thus, most students in rural communities have access to
the necessary infrastructure to support technology-based
programs, and key personnel in rural middle schools indicate
that schools are interested and ready for technology-based
bullying interventions.

Although there is strong interest and need for online bullying
prevention programming, very few US bullying prevention
programs include a technology component. Programs that do
offer it as an adjunct to in-person delivery [13]; often rely on
simple texting, not multimedia interfaces; and they do not train
student bystanders to intervene. For example, the Build Respect,
Stop Bullying program for middle schools uses an online
platform [23] but is part of a large program with staff or family
components without bystander training. Other available
technology programs include (1) an SMS text messaging
program pairing youth with a “text buddy” [24]; (2) apps that
encourage students to report cyberbullying, block websites
attracting cyberbullying, and notify parents and school personnel
of cyberbullying; and (3) online social media campaigns and
educational resources (eg, videos, testimonies, and quizzes)
[18,25,26]. Although there are programs that incorporate
technology into bullying prevention and intervention, none
appear to offer a route to a technology-based, interactive
bystander training for middle school students.

JMIR Hum Factors 2025 | vol. 12 | e67962 | p.1087https://humanfactors.jmir.org/2025/1/e67962
(page number not for citation purposes)

Midgett et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.2196/67962
http://www.w3.org/Style/XSL
http://www.renderx.com/


The STAC Intervention
STAC [27] is a brief, stand-alone bystander intervention that
includes didactic and experiential training followed by 2 booster
sessions. The 75-minute didactic training includes education
about bullying and cyberbullying, the consequences of bullying,
and bystander roles and a description of the four STAC
strategies: (1) “Stealing the show”—using humor or distraction
to interrupt the bullying situation removing the attention away
from the target, (2) “Turning it over”—informing an adult about
the bullying and asking for help, (3) “Accompanying
others”—befriending or providing support to the targeted
student, and (4) “Coaching compassion”—gently confronting
the perpetrator to increase empathy for the target. The
experiential training comprises a series of role-plays during
which students practice using the STAC strategies through
bullying scenarios. The STAC training is followed by two
15-minute booster sessions to reinforce learning. The STAC
intervention is effective in reducing bullying [28,29] as well as
mental health risks for bystanders [30-34]. STAC has also been
adapted to be culturally appropriate for middle school students
in rural communities [35-37]. Research on the adapted STAC
intervention demonstrates both bullying reduction [35,38] and
improved mental health [35,39] among students trained in the
program.

The Technology-Based STAC Intervention
The technology-based STAC intervention (STAC-T) is an online
application developed to shift intervention delivery from
in-person implementation to a technology-based format, thereby
increasing accessibility and reducing barriers to intervention
implementation. STAC-T is designed to be easily disseminated
to large groups of students, who can access the intervention
from a computer, tablet, or smartphone. In addition, the
40-minute STAC-T application is designed to be modular,
increasing implementation flexibility. The initial training is
followed by one 15-minute booster session designed to reinforce
skill acquisition through virtual role-plays. The program is
interactive, including knowledge checks, personalized feedback,
and the selection of avatars to respond to bullying scenarios.
Initial development included the design and testing of a STAC-T
prototype. The design of STAC-T was developed based on the
content of the in-person STAC intervention for rural middle
schools as well as feedback from an expert advisory board and
key middle school personnel in rural communities. In addition,
students attending rural middle schools participated in 3 iterative
focus groups, providing feedback on program usefulness,
content, and functionality [40]. Once developed, the STAC-T
prototype was evaluated through usability testing, which
provided feedback from end users on program functioning [41].
The results from usability testing with key personnel and
students from 2 rural middle schools indicated that the STAC-T
prototype was easy to use, acceptable, and feasible, supporting
the full-scale development of the STAC-T application [40].

This Study
Bullying is a significant public health concern for students
attending rural schools [7-9]. Comprehensive bullying
intervention programs that incorporate bystander interventions
are the standard for practice [13]; however, they place a high

demand on schools for implementation [17] and can contribute
to disparities in rural schools [19-22]. STAC-T has the potential
to reduce barriers and increase access to bullying prevention
for middle school students in rural settings [40]. Therefore, the
purpose of this study was to evaluate the usability and
acceptability of the full-scale STAC-T application to determine
readiness for a large, multisite randomized controlled trial to
evaluate the efficacy of the STAC-T application for middle
school students in rural communities. Usability testing is an
important step in the process of intervention development as it
predicts the likelihood of program adoption [42]. To achieve
this aim, we implemented usability testing with key stakeholders
(ie, school personnel and students) at 2 middle schools in rural
communities in 2 states (N=21) using a mixed methods design.
This study had the following objectives: (1) to assess usability
and acceptability of the STAC-T application and (2) to assess
differences in usability between school personnel and students.

Methods

Participants
Participants were key school personnel (ie, administrators,
teachers, and school counselors; 10/21, 48%) and students
(11/21, 52%) recruited from 2 middle schools in rural,
low-income communities in the Northwestern and Southern
regions of the United States. Between 5 and 10 usability testers
are needed to identify most usability issues [43]. The schools
were selected based on previous and ongoing research
partnerships. The 2 schools were Title 1 schools, with 95% and
99% of the student population at the 2 schools eligible for
reduced or free lunch. Among school personnel, the ages ranged
from 26 to 55 years (mean 43.4, SD 9.8 years), and most (9/10,
90%) were female. School personnel self-reported ethnicity or
racial background as White (5/10, 50%), Hispanic or Latino
(3/10, 30%), and Black or African American (2/10, 20%).
Among students, ages ranged from 11 to 15 years (mean 12.8,
SD 1.3 years), with 36% (4/11) in grade 6, a total of 18% (2/11)
in grade 7, and 45% (5/11) in grade 8. Students self-reported
gender as female (6/11, 55%) and male (5/11, 45%). Students
self-reported ethnicity or racial background as White (4/11,
36%), Black or African American (4/11, 36%), and Hispanic
or Latino (3/11, 27%).

Development of the STAC-T Application
The translation from the STAC in-person intervention to
STAC-T was guided by persuasive system design, a theoretical
guide for translating clinical aims to health-related technology
frameworks [44-46]. The STAC-T application was developed
using Agile programming, a collaborative and incremental
programming methodology [44-46]. The application was
functional on all web browsers that support HTML5 and was
built on a full-stack web application using HTML and JavaScript
as the main interface. React.js was used as the front-end
framework. The look and feel of the program were designed
using Adobe Illustrator and Photoshop and developed using
HTML elements plus SVG, PNG, JPG, WAV, MP4, and GIF
images, audio, and video graphics. The system is accessible on
desktop computers and iOS and Android tablets and
smartphones. All design and programming elements were
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aligned, and stakeholders’ inputs were incorporated throughout
the multistage development. Programmers produced the STAC-T
application; alpha and beta tested it in-house for stability and
code errors; tested it for usability; and revised it following an
iterative, Agile production process.

In previous studies, as well as the in the iterative interviews and
focus group conducted in this study, participants indicated that
increasing program interactivity, adding more color, and
including more realistic images such as avatars were important
to increase engagement [40] and promote behavior change [47].
Therefore, design elements such as space (bright colors and
visual space), components (realistic characters and familiar
objects), and mechanics (actions reported by students that occur
in rural middle schools) were established for the program
features. In addition, STAC strategy practice was designed to
require students to select an avatar, view bullying scenarios and
select actions to operationalize the STAC strategy, view the
avatar enacting the selected action, and receive feedback on its
effectiveness. An artist hand illustrated and styled 6 avatars.
The avatars had light-, medium-, and dark-colored hair in
different styles as well as light, medium, and dark skin tones
for students to choose from to best represent themselves and
stimulate engagement. To reward learning and bolster adherence,
“badges” (visual reward icons; eg, “Show Stealing Badge”)
were included as intermittent awards to encourage user
engagement (Figure 1).

The STAC-T application content comprises three modules: (1)
What is Bullying?—users are presented with background
information on bullying, including bullying definitions (ie,
physical, verbal, and relationship bullying as well as
cyberbullying), bullying facts and statistics, characteristics of
students who bully, and negative consequences of bullying; (2)
What are Bystanders?—users are taught what a bystander is
and how bystanders affect bullying outcomes (this module
explains the 4 bystander roles: assistants, those who
intentionally help the bully; reinforcers, those who are not
directly involved in hurting another student but encourage the
bully by standing around, laughing, or watching quietly;
outsiders, those who do not take sides while witnessing bullying;
and defenders, those who do something to stop the bullying
situation or help the target in some way); and (3) STAC
Strategies—users are introduced to the 4 STAC strategies, which
are “Stealing the show,” “Turning it over,” “Accompanying
others,” and “Coaching compassion” (this module also includes
STAC strategy practice using avatars selected by the user). The

booster session includes additional practice with bullying
scenarios and STAC strategy use.

Iterative interviews (15/21, 71% of the participants; 7/15, 47%
female and 8/15, 53% male; 6/15, 40% White; 6/15, 40% Black
or African American; 3/15, 20% Hispanic or Latino) and 2
rounds of iterative focus groups (20/21, 95%; 11/20, 55% female
and 9/20, 45% male; 6/20, 30% White; 9/20, 45% Black or
African American; 3/20, 15% Hispanic or Latino; 2/20, 10%
other) conducted with middle school students attending schools
in rural communities in 2 states informed program development
before usability testing. Students participating in the interviews
provided feedback on design aspects of the program, including
color scheme, narration, and cartoons. Students were given a
sample slide in 5 color schemes, 3 narrator voice samples, and
3 cartoon-style character depictions. Students were asked to
rank a series of questions about each program aspect and then
rank their preferences. Feedback and ranked choices were used
to select color schemes, the narrator, and the program artist.
Iterative focus groups were then conducted to gather feedback
from students related to content and stylistic aspects of the
program. Overall, the program was well received; students
reported that the content was helpful and they liked the look
and feel of the teacher who appears throughout the training.
Students in the first round of focus groups provided specific
feedback to incorporate more cyberbullying scenarios (eg,
having bullies use their phones to record their peers without
their knowledge), make the appearance of the characters more
realistic (eg, changing clothing, adding eyes to all the characters,
and changing hairstyles), and improve the function of the
program to make navigation more user-friendly. Students also
expressed disliking a particular activity, which was removed
from the program. Students’ feedback was incorporated into
the program before conducting the second round of focus
groups. The students in the second round of focus groups
provided additional feedback about how to make the appearance
of the characters more realistic (eg, adding emotion to the
characters), as well as adding background images to make the
scenarios look more like what they are used to seeing at school
and school-related activities, such as sporting events (eg, adding
teachers, lockers, wall hangings, and bulletin boards). They also
provided specific feedback about how to make student behaviors
more realistic (eg, having the target look sad instead of crying
and changing the type of bullying from physical to verbal in
front of adults). Input from the focus groups informed the
development of the final STAC-T application used in this study.
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Figure 1. Samples from the technology-based STAC application.

Procedures
Participant recruitment and usability testing occurred in 2024.
The researchers provided the liaisons (eg, school counselor and
principal) from each school with an email script describing the
purpose and procedures of the study. Inclusion criteria for school
personnel consisted of being employed as a principal, teacher,
or school counselor at the partnering school; speaking English
or Spanish; consenting to participate; and having a desire to
make a positive difference in the school climate. For students,
inclusion criteria consisted of being enrolled in the partnering
school, speaking English or Spanish, having parental consent
and student assent, and having a desire to make a positive
difference in the school climate. To assess desire to make a
positive difference, school liaisons were provided with rubrics
developed by the research team to identify key school personnel
and students who exhibited the following characteristics assessed
by the rubric: caring for students; having a desire to be a positive
influence on the school climate; being approachable to students;
caring about addressing the problem of bullying; and having
leadership qualities in the case of school personnel or leadership,
maturity, responsibility, caring toward others, influence, and a
desire to be a positive influence on their peers in the case of
students. For each item, school personnel and students were
assessed on a 3-point scale, which included the ratings of yes,
somewhat, or no for each item described previously. School
personnel and students who scored yes or somewhat on all
inclusion criteria were eligible to participate. Exclusion criteria
for the study for both school personnel and students included
having participated in a previous STAC study, speaking a
language other than English or Spanish, and not providing
consent or assent to participate.

The school liaison used the inclusion and exclusion criteria and
the rubric to identify and contact key school personnel and

students and then used the script to invite them to participate
in the study.

Similarly to our previous usability research [40], we conducted
the usability testing and interviews remotely. Research supports
remote usability testing as a viable approach to gather
high-quality user experience feedback [48,49]. To mitigate
technology-related problems, before the testing session, a team
member worked with the school liaison to ensure that they could
open and operate the program using the school’s computers and
firewall. When problems occurred during the testing session,
participants switched to a different device or, in one case,
rescheduled the testing session.

During the usability testing, participants were asked to review
the entire STAC-T application, including the booster session.
Participants were asked to talk aloud while completing the tasks,
identifying problems and the solutions attempted. The
researchers and users were on videoconference and shared their
screens. The researchers could see what the participants were
doing, and they were able to communicate with each other in
real time. The researchers observed the users as they worked
through the tasks and asked questions to gather more data. After
completing the STAC-T application, participants were asked
to complete a brief usability survey followed by a semistructured
interview and then a demographic questionnaire. All participants
were asked to provide information about their perceptions of
(1) program utility, (2) relevance and appropriateness of program
content, (3) ways in which they would improve the program,
and (4) using a bullying and strategy use tracker after the
training. School personnel were also asked about (1) their
thoughts on implementation feasibility, (2) the likelihood of
school program adoption, (3) their thoughts on companion
trainings for teachers and parents, and (4) barriers to program
use. All individual interviews lasted 1 hour and were video
recorded.
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Measures

Demographics
Participants self-reported their age, ethnicity or race, and gender.
Students also reported their grade level.

Program Usability
Usability was assessed using the System Usability Scale (SUS)
[50]. The SUS is a widely used 10-item validated tool that
measures the usability and acceptability of technology-based
programs. Responses are measured on a 5-point Likert scale
ranging from 1 (strongly disagree) to 5 (strongly agree). To
calculate the SUS score, responses are converted as follows:
(1) for odd-numbered items, 1 is subtracted from the response;
(2) for even-numbered items, 5 is subtracted from the response;
(3) the converted responses are added; and (4) the total is
multiplied by 2.5. The final SUS score ranges from 0 to 100.
An SUS score of ≥68 is considered above average [51].

Program User-Friendliness
One item selected from previous usability research [40] was
used to assess the user-friendliness of the program. Participants
were asked to rate the user-friendliness through the following
question—“Overall, I would rate the user-friendliness of this
program as:”—using a 7-point scale ranging from 0 (worst
imaginable) to 7 (best imaginable).

Program Satisfaction
In total, 2 items selected from previous usability research [40]
were used to assess program satisfaction. Participants were
asked the following question—“Would you tell your
friends/colleagues to use the program?”—with yes, no, and
don’t know as response choices. Participants were also asked
how many stars they would give the program (1 star being the
lowest and 5 stars being the highest).

Interview Questions
Following usability testing sessions, participants were asked a
series of open-ended questions about the utility and relevance
of the application prototype, as well as ways to improve the
application, likelihood of program use, and potential
implementation barriers. School personnel and students were
asked the following: (1) “Please talk about your perception of
how useful this program could be to helping to address the
problem of bullying at school,” (2) “Please share your thoughts
on whether you think the content of this program is relevant
and appropriate for students at your school and your
community,” and (3) “Can you talk about ways that you would
improve the program?” Students were also asked the following:
“If your school asked you to continue using the tracker, would
it be useful?” School personnel were also asked the following:
(1) “What are your thoughts on how practical or workable you
think it would be to use this program at your school?” (2) “What
do you believe is the likelihood that your school would use this
intervention?” (3) “Do you think an online, brief teacher training
and parent training module would be a helpful addition to this
program?” (4) “What, if anything, would keep you from using
this program?” (5) “How would you envision using the tracker,
if at all, after completing the training modules and the two
boosters?”

Data Analysis

Quantitative Analysis
Quantitative data from the questionnaires were analyzed using
SPSS (version 29.0; IBM Corp). Before conducting statistical
analyses, we examined the data for missing data points. We
found no missing data. The data were also examined for outliers,
defined as >3.3 SDs above the mean [52]. We found no outliers.
To ensure that continuous data met statistical assumptions for
parametric statistical tests, we assessed acceptable normality
by using established guidelines for examining skew and kurtosis
[53]. All continuous variables were within the acceptable range
for skew and kurtosis. Descriptive statistics were used and are
presented separately for school personnel and students. We
examined differences between school personnel and students
using 2-tailed independent-sample t tests for continuous
variables and chi-square analyses for categorical variables. All
statistical assumptions were met for the t tests and chi-square
analyses. We controlled for type I error using the Bonferroni
correction. On the basis of the calculated Bonferroni correction,
all analyses were considered significant at P<.004.

Qualitative Analysis
Qualitative data from open-ended questions were analyzed
separately for school personnel and students. In total, 3 team
members, 2 of whom conducted the usability tests, transcribed
the data verbatim. We used consensual qualitative research as
a framework for data analysis. We used thematic analysis
[54,55] to identify, analyze, organize, describe, and report
themes found within the qualitative data. A faculty member
with expertise in qualitative data analysis, along with 2 graduate
students, 1 PhD student and 1 masters of art in counseling
student, with previous experience in qualitative data analysis,
analyzed the data. The faculty member led the data analysis
team. The team met 2 times via Zoom (Zoom Video
Communications). During their first meeting, the faculty
member discussed the analysis protocol with the 2 students, as
well as expectations and biases that they needed to be aware of
as they analyzed the data. Each team member analyzed the
transcripts for the school personnel and students separately to
arrive at initial themes for each open-ended question from the
interview protocol. Next, the team met one more time via Zoom
and conducted additional email communication over a 4-week
period to arrive at a consensus on themes and frequency
categories supported by participant quotations. During their
meetings, the team members shared their themes for each
question and discussed agreement or disagreement about themes.
The analysts relied on participant quotes to resolve
disagreements. Once the team members reached a consensus,
an external auditor reviewed the interview transcripts and themes
for the school personnel and students. The auditor agreed with
the team’s findings. Interview data were deidentified to ensure
anonymity, and quotes were identified by participant type (ie,
school personnel or students).

Ethical Considerations
This study was registered with ClinicalTrials.gov
(NCT05572398). All research procedures were approved
(101-SB21-205) by Boise State University’s institutional review
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board. Researchers obtained informed consent from school
personnel and parental consent and student assent in the case
of students. For students, school liaisons met briefly with
potential participants identified through the inclusion criteria
to explain the project, and interested students were sent home
with a letter describing the project as well as an informed
consent form for the parent or guardian to sign. English and
Spanish translations were provided in schools with a large
Hispanic student population. Parents were also emailed the
information and consent form. Parents could choose to sign the
consent form via pen and paper or electronically. If they did not
provide consent electronically, students were asked to return
the signed consent form to the school liaison. Parents were
provided with the study principal investigator’s contact
information and were encouraged to contact her if they had any
questions or concerns. Students who returned the signed consent
form were then provided with an opportunity to assent
immediately before the interview, focus group, or usability
testing session. In addition, several steps were taken to protect
confidentiality: participants were informed that they were free

to refrain from answering any questions, all data were identified
only by a personal identifier number, and all research team
members completed required training in protection of human
research participants. School personnel received a US $50
Amazon gift card as an incentive for participation in the usability
testing and individual interview. There were no incentives for
student participants.

Results

Quantitative Analysis

Program Usability
Usability scores on the SUS are presented in Table 1. Overall,
scores for both school personnel and students suggested a very
high level of usability, functionality, and acceptability. As shown
in Table 1, there were no differences in the scores on any of the
individual items or the SUS total score between school personnel
and students, with both participant groups scoring the STAC-T
application at a very high level of usability.

Table 1. Means and SDs of the System Usability Scale scores from school personnel and studentsa.

P valuet test (df)Students (n=11), mean
(SD)

School personnel (n=10),
mean (SD)

.11–1.70 (19)4.18 (0.60)4.60 (0.52)“I think that I would like to use the program frequently.”

.191.37 (19)1.64 (0.92)1.20 (0.42)“I found the program to be more complex than it needed to be.”

.950.07 (19)4.91 (0.30)4.90 (0.32)“I thought the program was easy to use.”

.271.13 (19)1.36 (0.67)1.10 (0.32)“I think that I would need the support of a technical person to be
able to use this program.”

.740.33 (19)4.55 (0.69)4.40 (1.27)“I found the various functions in the program were well put to-
gether with each other.”

.111.66 (19)1.55 (1.04)1.00 (0.00)“I thought there was too much inconsistency in this program.”

.22–1.28 (19)4.55 (0.82)4.90 (0.32)“I imagine that most people would learn to use this program very
quickly.”

.171.42 (19)1.18 (0.40)1.00 (0.00)“I found the program very awkward to use.”

.15–1.49 (19)4.55 (0.69)4.90 (0.32)“I felt very sure that I could use the program correctly.”

.081.84 (19)1.55 (0.93)1.00 (0.00)“I needed to learn a lot of things before I could get going with
this program.”

.04–2.27 (19)88.64 (9.51)96.00 (3.94)System Usability Scale total score

aResponses were scored on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree).

Program User Friendliness
School personnel and students rated the program highly on
user-friendliness. Among school personnel, scores on
user-friendliness ranged from 6.00 to 7.00 (mean 6.10, SD 0.32).
Among students, scores on user-friendliness ranged from 6.00
to 7.00 (mean 6.09, SD 0.30). There were no differences in
scores between school personnel and students on
user-friendliness (t19=–0.07; P=.95).

Program Satisfaction
Program satisfaction ratings are presented in Table 2. Overall
ratings suggested that school personnel and students were
satisfied with the program. There were no differences in scores
between school personnel and students on program

recommendation (χ2
1=1.0; P=.33) or star ratings (χ2

1=2.8;
P=.25).
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Table 2. Program satisfaction results for school personnel and students.

Students (n=11), n (%)School personnel (n=10), n (%)

Would recommend the program

10 (91)10 (100)Yes

0 (0)0 (0)No

1 (9)0 (0)Unsure

Star rating

0 (0)0 (0)1 star

0 (0)0 (0)2 stars

0 (0)1 (10)3 stars

3 (27)5 (50)4 stars

8 (73)4 (40)5 stars

Qualitative Analysis

Overview
Qualitative feedback for the STAC-T application supported the
quantitative findings and was very positive overall, with both
school personnel and students sharing the perception that the
STAC-T application is useful, relevant, and appropriate, as well
as providing feedback on ways to improve the program. In
addition, school personnel shared positive thoughts about
program practicality and adoption, including interest in a teacher
and parent training, and discussed barriers to program adoption.
Both school personnel and students talked about the benefits of
tracking students’ reports of different types of bullying and
strategies they used to intervene both as part of the program
and as a stand-alone feature to be used after the training. The
results are presented in the following sections organized by the
following themes: (1) usefulness, (2) relevance and
appropriateness, (3) program improvement, (4) program tracker,
(5) practicality and adoption, (6) teacher and parent training,
and (7) barriers.

Usefulness
All school personnel (10/10, 100%) and students (11/11, 100%)
indicated that the program was useful and increased students’
knowledge to intervene in bullying situations. For example, a
school personnel member shared the following:

...the program that you guys are creating, will
definitely inform the students what they need to look
for, how they can become an active positive person.

A student also stated the following:

I think it’ll be helpful by telling other kids that it’s
not right to bully other kids because you don’t know
how they feel, and you don’t know what they go
through.

In terms of increasing knowledge, a school personnel member
indicated the following:

I like how it has all the different ways for the students
to see how you can step in you know...that there’s
things they can do.

Another one added the following:

...it gives students the tools that they might feel like
they lack in general when bullying happens.

A student stated the following:

It can teach ways on how to and when bullying is
happening, how do we handle it, and make it stop
quicker.

Another student added the following:

...if people are making fun of a person about how they
look or the way they eat, and they post a video on
social media, I can like easily screenshot, show it to
the principal, my teachers, to get these people to stop
and like get them to stop the bullying.

Relevance and Appropriateness
All school personnel (10/10, 100%) and students (11/11, 100%)
reported that the program content was relevant and relatable
and taught students empathy and prosocial attitudes. For
example, one school personnel member shared the following:

I think the content was really relevant. It’s things that
you actually see at school or that you hear about or
that we, that get actually reported.

Another school personnel member added the following:

Oh yeah, absolutely. I think that they [students] can
relate to cafeteria situations, getting on the bus and
you know posting things especially you know on social
media or on Instagram or TikTok or whatever.

A student shared the following:

I think that is really, really relevant and I think that
a lot of the situations that were used in this app as
examples can be used. They can be real life situations.

In terms of empathy and prosocial attitudes, a school personnel
member said the following:

I think this program would help...teach more empathy
cause when students have more empathy, they’re less
likely to exhibit those bullying behaviors.

A student indicated the following:
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It basically says that bullying is not okay and if you
do see it here are a few ways on how to stop it.

Program Improvement
Both school personnel (9/10, 90%) and students (6/11, 55%)
offered feedback on how to improve the program and talked
about the importance of having the program be fully narrated.
School personnel talked about ways to improve student
engagement and user experience. For example, a school
personnel member stated the following:

...making it so that all of the pop-ups and scenes are
narrated.

A student also said the following:

Once you add that narrative it is going to be good
because most middle schoolers they aren’t going to
want to read it.

In terms of improving engagement and user experience, a school
personnel member said the following:

Just there was one [activity] where you had to click
the arrows to move on and I feel like just making it a
little bit more simple.

Another school personnel member added the following:

Slowing down the captions on the cartoons because
to allow kids to see the picture to get a frame of mind
of what’s going on and then read the words.

Program Tracker
All the school personnel (10/10, 100%) and students (11/11,
100%) indicated that they would find using a bullying and
strategy use tracker useful if their school asked them to continue
to use it. When asked about how they would envision using the
tracker, school personnel indicated that they would use it for
data collection for programmatic feedback and prevention as
well as ongoing teaching and student support. For example,
when asked about the usefulness of the tracker, a school
personnel member stated the following:

Yeah, you know, I think that would be good.

Another one added the following:

You can bring that data up and say, you know, you
know, we’re, we’re seeing this type of bullying going
on.

A student said the following:

Oh, yeah. Because it would let more people know that
bullying has been going on and stuff.

Practicality and Adoption
All the school personnel (10/10, 100%) agreed that the program
would be practical and workable, and almost all school
personnel (9/10, 90%) stated that they would be likely to use
the program at their school. For example, one school personnel
member said the following:

...our students would definitely get on and be able to,
you know, go through that program without any
problems at all.

Another school personnel member stated the following:

Practical. I think that it addresses the needs of our
students in their day-to-day interactions.

In terms of likelihood of use, one school personnel member
stated the following:

I think it would be highly likely.

Another school personnel member added the following:

This will be helpful and they [schools] will use it
because it wouldn’t take too much time away from
the academics, academic goals that we have.

Teacher and Parent Training Modules
All school personnel (10/10, 100%) reported that a brief online
teacher and parent training would be useful, and almost all (9/10,
90%) stated that it would provide a common language and a
means for future collaboration. For example, one school
personnel member shared the following:

It’s teaching the parents and the teachers what that
looks like, you know, conversation or tools to help
our kids.

Another school personnel member added the following:

Yes. Yes, so that you have this so that we’re all
working together as a team. And using that common
language.

Barriers
When asked about barriers to using the program, most school
personnel members (7/10, 70%) reiterated that they would use
the program, but many of them (8/10, 80%) discussed barriers.
For example, one school personnel member stated the following:

I can’t think of one negative reason or one reason I
wouldn’t want to use it.

However, other school personnel identified potential barriers,
with one member stating the following:

Not being accessible on the devices that the kids have
available.

Another school personnel member said the following:

Time. But I don’t see that as a factor for us because
we could fit it into our advisory class.

A third school personnel member added the following:

Only thing I can think of is funding.

Discussion

Principal Findings
The purpose of this study was to examine the usability of the
STAC-T application, a technology-based bystander bullying
intervention designed specifically for middle schools in rural
communities. We were interested in feedback from middle
school personnel as they are in the position of making decisions
related to adopting and implementing bullying interventions
and from students as end users. The primary aim of this study
was to test the usability of the STAC-T application and assess
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program utility, user-friendliness, and relevance as well as
feasibility and ways to improve the program. Overall, both the
quantitative survey results and qualitative interview findings
indicate that participants perceived the STAC-T application to
be useful, user-friendly, and appropriate for students at their
schools and reported high levels of satisfaction with the
program. The findings of this study indicate that the STAC-T
application is relevant and feasible for implementation in middle
schools in rural communities. The quantitative and qualitative
findings are consistent with our previous usability testing
research [40].

The findings of this study provide support for the usability of
the STAC-T application. Both school personnel (mean 96.0,
SD 3.9) and student (mean 88.6, SD 9.5) scores on the SUS
demonstrated a very high level of usability, exceeding the
standard cutoff score of 68 [51]. Both school personnel and
students also rated the user-friendliness of the STAC-T
application as very high, with all participants rating the program
at ≥6 on a scale ranging from 0 to 7. We found no differences
between school personnel and students on SUS scores or
user-friendliness ratings, suggesting that both groups of users
found the STAC-T application to be highly usable. The
qualitative data supported these results, with both school
personnel and students indicating that they perceived the
program to be useful as well as relevant and appropriate for
middle school students in rural communities. Furthermore, both
school personnel and students reported high levels of satisfaction
with the program, with 100% (10/10) of school personnel and
91% (10/11) of students indicating that they would recommend
the program to others. Furthermore, most participants (20/21,
95%) gave the program 4 or 5 stars on a scale ranging from 1
to 5 stars. These findings are particularly important as usability
and acceptability are associated with both program adoption
and implementation [42].

In terms of practicality and adoption of the intervention, school
personnel believed that their school would be likely to use the
STAC-T application and identified cost, time, and access as
potential barriers. Our results are aligned with those of previous
studies that indicate that school administrators in rural
communities feel favorably about adopting and implementing
online programs to address the problem of bullying [20]. In
addition, our findings are similar to those of previous studies
that identify cost [7,20], time [56], and access to technology
[57] as notable barriers to online programming implementation
in schools located in rural areas.

School personnel and students reported positive perceptions of
the STAC-T program, as well as feedback for program
improvement. The results of the qualitative analyses showed
that both school personnel and students thought that the STAC-T
content was relevant and relatable and increased students’
knowledge of how to intervene in bullying situations. School
personnel also stated that the program taught students empathy
and prosocial attitudes. Furthermore, school personnel stated
that the program was practical and workable and would be used
at their school and that teacher and parent trainings would be
useful additions to STAC-T to provide a common language
among stakeholders. These findings suggest a need for bystander
bullying intervention programs in rural schools that teach

students how to intervene when they witness bullying behaviors
through conducting role-plays to practice strategies across
different bullying scenarios. In terms of program improvement,
both school personnel and students highlighted the importance
of having the entire program narrated to students. School
personnel also talked about ways to improve user engagement
by simplifying and slowing down a few program activities. Both
students and school personnel also saw value in the posttraining
tracker. Including these program modifications is likely to
increase user engagement [40], which, in turn, can influence
positive behavior change [47], potentially increasing the efficacy
of STAC-T.

Limitations
This study supports the usability, relevance, and feasibility of
the STAC-T prototype. However, certain limitations must be
noted. Participants were recruited from 2 schools in rural,
low-income areas from 2 states, one in the Northwestern region
and one in the Southern region of the United States. Although
participants were recruited from 2 different states to increase
generalizability, school personnel and students from different
regions of the country may have a different perspective. Future
research including a broader geographic sample would increase
generalizability. Furthermore, most of the school personnel
participants in this study were female, further limiting the
generalizability of the study. In addition, because of the small
sample size, we were unable to explore differences in
demographic factors, limiting information that could guide
improvements to the STAC-T application. Finally, it is also
possible that social desirability influenced participants as they
were aware that the goal of the study was to translate the
in-person STAC intervention to a technology-based format.

Implications
This study has important implications for the development and
implementation of STAC-T in middle schools in rural
communities. First, participants provided very high usability
ratings for the STAC-T application, with qualitative data
supporting the usability, utility, and relevance of the program.
The findings also provided valuable information about the
program itself, including the need for program narration and
the utility of a type of bullying and strategy tracker that could
be used after the training. School personnel also provided
feedback about the importance of both teacher and parent
modules to foster collaboration. These modules could be
developed and offered to schools as companion modules for
STAC-T. School personnel could provide teachers with the
STAC-T teacher training during professional development time
at school and provide parents with a link to the parent training
via email. Training teachers, parents, and students could provide
a common language and increase buy-in from all stakeholders
[58,59]. In addition, participants indicated that program
implementation is feasible as long as the program is
cost-effective, brief, and students can access it on their school
devices. Translating STAC from an in-person modality to an
online platform can help decrease barriers to implementation,
increasing implementation feasibility for rural schools by
decreasing program costs and reducing the demand on schools
by decreasing the need for staff training, in-class time, and
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expert support. Overall, the findings of this study provide
valuable feedback and a strong scientific premise for moving
forward with a large, multisite randomized controlled trial to
examine the efficacy of the STAC-T application.

Conclusions
Bullying is a significant public health concern for students in
rural middle schools. Training students to intervene and
developing programming that increases access are important
factors in addressing this problem. The findings of this study

demonstrate the usability, relevance, and feasibility of the
STAC-T application. The preliminary data from this study
support conducting a large, multisite randomized controlled
trial to assess the efficacy of the STAC-T application for middle
school students in rural communities. Technology-based
bullying interventions, and STAC-T in particular, could be an
instrumental approach to decreasing educational and mental
health disparities in rural schools and helping address the
problem of bullying.
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Abstract

Background: Telemedicine has emerged rapidly as a novel and secure tool to deliver medical information and prescriptions.
A secure, connected health care app (WiStim) has been developed in order to facilitate dialogue between patients and the medical
team during an ovarian stimulation cycle for medically assisted reproduction (MAR).

Objective: This study aimed to evaluate the patients’ and midwives’ levels of satisfaction with the connected mobile app.

Methods: We conducted a prospective, observational, single-center study at Lille University Hospital, France. From May 1 to
July 31, 2021, all women undergoing ovarian stimulation started to receive their treatment advice through the mobile app. A total
of 184 women were included and they filled out the 30-item Usefulness Satisfaction and Ease-of-Use (USE) questionnaire, which
examines the users’opinions in 4 dimensions: usefulness, ease of use, ease of learning, and satisfaction. The women also answered
a series of closed and open questions. The 5 midwives in our assisted reproductive technology center filled out the French version
of the 10-item System Usability Scale (SUS) when the app was implemented and then after 3 and 6 months of use. We also
performed semistructured interviews with the midwives.

Results: Overall, 183 women using the app completed the questionnaire. None refused to use the app, and 1 withdrew from the
study. The mean scores for the four USE dimensions were all significantly greater than 4, that is, the middle of the response scale.
The women liked the app’s ease of use, the access to tutorial videos, and the reminders about appointments and treatments. In
particular, the women liked to be able to (re)read the information; this reassured them, might have reduced the number of missed
appointments and treatments, and made them more independent during the day, especially when they were working. Some of the
women regretted the loss of direct contact with the midwife. The mean SUS score was 76 (SD 13.54) at the start of the study, 75
(SD 17.16) after 3 months, and 84 (11.21) after 6 months. According to the adjective rating scale, these scores corresponded to
good usability for the app. After the requisite training and a familiarization period, the midwives reported that using the app saved
them 2 hours a day. The mobile app enabled better transmission of information and thus probably helped to decrease treatment
errors.

Conclusions: The WiStim connected mobile app is one of the first reliable, secure apps in the field of MAR. The app reassured
the patients during the ovarian stimulation. Women and the medical team considered that the app was easy and intuitive to use.
Given the growth in demand for MAR programs and the medical team’s workload, the time savings provided by the app constitute
a nonnegligible advantage.

(JMIR Hum Factors 2025;12:e63570)   doi:10.2196/63570
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Introduction

In 2018, the European Society of Human Reproduction and
Embryology’s 22nd report on medically assisted reproduction
(MAR) in Europe highlighted a continuous increase in the
number of treatment cycles and the broad range of techniques
used [1].

Every day, around the world, thousands of women undergo
hormone assays and ultrasound scans of the pelvis as part of
their MAR program. These burdensome, complex procedures
can generate stress and anxiety for the women and their partners
[2-4]. The women consulting in MAR departments are young,
active, and, in many cases, occupied by work and family
activities. Furthermore, health care professionals have to deal
with a growing administrative burden and increasing demand
for MAR while still providing high-quality patient care and
support.

A large number of “eHealth” smartphone apps are being
developed [5-8]. WiStim is a secure mobile app created in 2016
to facilitate communication between MAR patients and medical
teams. The app provides access to a variety of documents and
media (eg, test results and tutorials on self-injection) and gives
daily advice on treatment during the ovarian stimulation phase.
The objectives are (1) secure communication with patients, (2)
better traceability, (3) a lower frequency of treatment errors
caused by poor understanding, and (4) time savings for the care
team. At present, the patient has to pay a subscription fee;
however, some hospitals are considering whether to subsidize
or cover this fee.

During each in vitro fertilization, frozen embryo transfer, or
intrauterine insemination cycle, the midwife calls the women
daily in order to adjust the treatment, check on adherence, and
answer any questions. These calls are time-consuming and can
be replaced with a connected app.

The primary objective of the current study was to evaluate levels
of satisfaction with the connected app, according to both the
patients and health care professionals. The secondary objectives
were to identify potential difficulties in the use of the app and
to study any app-associated changes in the health care
professionals’ practices and work organization.

Methods

Overview
We conducted a prospective, observational, single-center study
in the MAR department at Lille University Hospital (Lille,
France) from May 1 to July 31, 2021.

Ethical Considerations
In line with the French legislation on human and social science
surveys of routine clinical practice using anonymized personal
data [9], approval by an independent ethics committee was
neither required nor sought.

Connected Mobile App
The WiStim platform includes a mobile app for the patient
(Figure 1) and a web-based management module for the medical
team. The mobile app gives the patient access to advice on
treatment, including the dose, the administration route, and any
changes in the regimen. Tutorials on self-injections are also
available. Every evening, the patient receives a reminder about
her treatment and the date of her next appointment. The medical
team sends information about the treatment and the next
appointment through a secure web server (accredited by the
French Ministry of Health) and is informed in real time about
the woman’s treatment.

The app requires a monthly subscription. However, Lille
University Hospital has chosen to pay this cost on the patient’s
behalf during an initial test year.
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Figure 1. The mobile app for the patient.

Patients
During a consultation, the gynecologist explained the app’s
principles to the patient and gave the latter an information sheet
explaining how to download, install, and use the app. The patient
then installed the app on her mobile phone and created an
account. Once the stimulation phase had started, the patient
received treatment advice through the app.

At the end of the MAR procedure, the women filled out a
questionnaire (Multimedia Appendix 1). The questionnaire’s
closed questions concerned the type of MAR and the impact of
using the app. The patient was able to write a comment for each
closed question. Several open questions probed the woman’s
opinion of the app and the app’s strengths and weaknesses.
Next, the woman filled out the 30-item Usefulness Satisfaction
and Ease-of-Use (USE) questionnaire, which measures the user’s
feelings in four dimensions: usefulness, ease of use, ease of
learning, and satisfaction (Multimedia Appendix 2) [10,11].
The participants were not paid for their participation in the
study.

Midwives
The five midwives in our MAR center filled out the French
version of the System Usability Scale (SUS) when the app was
implemented and then after 3 and 6 months of use [12]. The
SUS (Multimedia Appendix 3) is a standardized, 10-item
questionnaire for assessing the level of satisfaction with a
technology’s usability. For each of the 10 items, the midwives
were invited to rate their level of agreement on a 5-point Likert
scale ranging from “strongly disagree” to “strongly agree.” We
also performed semistructured interviews with the midwives 6
months after the implementation of the app in order to evaluate
their opinion of the connected app, identify any changes in their

work organization, and assess the app’s acceptability (as defined
in the unified theory of acceptance and use of technology
[UTAUT]) [13]. The interviews were audio-recorded and
transcribed.

Statistical Analyses
Statistical analyses were performed using Jamovi software
(Jonathon Love, Damian Dropmann, and Ravi Selker, version
2.2.5, 2021), and thematic analyses of qualitative data were
performed using QualCoder 3.0 (C Curtain). Data on the
women’s characteristics were used to describe the sample and
perform subgroup analyses. The women’s answers to the closed
questions were analyzed using descriptive statistics, and the
comments were analyzed qualitatively in order to highlight
recurrent themes. Emerging themes in the qualitative analyses
were not quantified; the goal was to understand the variety of
the user’s points of view. The data on the USE items and
dimensions were analyzed with descriptive and inferential
statistics. The threshold for statistical significance was set to
P<.05. The results of the various questionnaires were compared
in order to identify similarities and differences between the
answers.

The SUS satisfaction score ranges from 1 to 100. Perceived
satisfaction and usability are considered to be good when a score
of 75 or more is obtained. To qualify the level of satisfaction,
the mean SUS score was assessed against Aaron et al [14] grade
scale and adjective rating scale. Semantic units (ie, sets of words
representing the same idea) were extracted from the interviews
with the midwives. An ergonomist attributed each semantic unit
to one of the following themes: the opinion of the app, changes
in practice, and dimensions of UTAUT acceptability (facilitating
conditions, effort expectancy, social influence, and performance
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expectancy). Within each theme, several subthemes were
developed to represent the semantic units’ diversity.

Results

Patients

Overview
During the recruitment period, 250 paper questionnaires were
randomly distributed, and 184 patients responded (intrauterine
insemination: 12%, in vitro fertilization: 73%, egg donation:
2%, frozen-thawed embryo transfer: 9%, fertility preservation:
4%). A total of 91 respondents had already been followed up
by phone before the implementation of the app, 90 were
monitored with the connected app alone, and 3 did not answer
this item in the questionnaire. One woman discontinued use of
the app prematurely, preferring direct contact with a midwife,
and 2 women failed to complete the USE questionnaire.

The mean scores for the four USE dimensions were all
significantly greater than 4, that is, the middle of the response
scale (usefulness, n=5.66, t180=13.4, P<.001; ease of learning,
n=6.25, t178=18, P<.001; ease of use, n=5.96, t180=16, P<.001;
satisfaction, n=5.90, t177=15.4, P<.001). The scores did not
appear to be influenced by whether or not the women had been
followed up by phone before the use of the app.

This good level of perceived usability was corroborated by our
analysis of the women’s comments and answers to the open

questions. In all, 172 women described what they liked about
the app. The app was seen as being easy to use in a guided,
stepwise manner (“simple to use,” “intuitive,” and “clear”).
Another reason for liking the app was its match with the
women’s needs and activities. The women mentioned the gain
in efficiency linked to the app’s centralization of information
on treatment, follow-up, and appointments.

A total of 178 (97.8%) of the 182 respondents considered that
the ability to access advice through the app was reassuring
(Figure 2). The participants, having initially been followed up
by phone, stated that they felt surer about the advice with the
app because the instructions had to be rapidly written down
during the phone call; with the app, the advice was available
round the clock. The women also liked the additional
information (eg, how to perform an injection) and the automatic
reminders about appointments and treatments. A total of 166
(91.7%) of the 181 respondents considered that with the app,
they were less stressed about making a treatment mistake. The
participants liked the independence that the app provided; they
no longer had to wait for the phone call from the midwife;
previously, the call could come at any time in the afternoon.

Overall, 34 women did not reply to the question about wanting
to continue to use the connected mobile app or not. 97.3% of
the respondents said that they would be annoyed if they had to
stop using the app (Figure 2). The 4 participants, who said they
would feel relieved if they had to stop using the app, had all
initially been followed up by phone and preferred direct
communication with the medical team.

Figure 2. Answers to the following closed questions: “Does access to advice in the mobile app reassure you?” “Have you felt less stressed since you
starting using the mobile app?” “Would you like to continue using the mobile app?”.

Some weaknesses were mentioned: appointment errors, the lack
of tutorials about some older models of self-injector pens, and
late treatment reminders (ie, given after the scheduled time).
Certain women expressed the need for direct interaction with
the team of midwives via a chat function; the MAR department
had decided not to offer this function because the women had
already been given an email address for any questions.

A total of 53 (58.2%) of the 91 women who had initially been
followed up by phone did not perceive any change in how they
managed their treatment since the implementation of the app.
In contrast, 38 (41.7%) women stated that the app modified the
management of their treatment; they highlighted the lower
mental burden, the easy, permanent access to information, the
reassuring nature of the treatment reminders and app reminders,
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and the fact their day no longer had to be organized around the
call from the midwife.

Midwives
The five midwives working in the MAR department at the time
of the study filled out the SUS and were interviewed. The mean
age was 43.6, and the midwives had been working in the
department for an average of 6 years. The mean SUS score was
76 at the start of the study (n=4 respondents), 75 after 3 months
(n=5), and 84 after 6 months (n=4; Figure 3). According to
Aaron et al [14] adjective rating scale, these scores corresponded
to good usability for the app.

A total of 207 semantic units were extracted from the
semistructured interviews and analyzed. Even though the
midwives stated that they needed some time to learn how to use
the app and that the use of the app reduced the level of human
contact with the women, they were generally very satisfied. The
midwives found the interface pleasant to use and considered
that the app was useful for the women and for the nurses who
visited the women at home on a routine basis; the app
modernized the midwives’ practices.

During the interviews with the midwives, 3 of the 4 UTAUT
dimensions emerged: facilitating conditions, effort expectancy,
and performance expectancy. The social influence dimension
did not emerge.

Figure 3. The mean System Usability Scale (SUS) score at the start of the study (76, SD 13.54) and after 3 months (75, SD 17.16) and 6 months (84,
SD 11.21).

Facilitating Conditions
The midwives said that for the installation of the app, some IT
equipment (computers) had been purchased and that they had
attended training sessions on the use of the app. The midwives
emphasized the good availability and responsiveness of the
WiStim team when questions arose.

Effort Expectancy
The midwives viewed the app as a rather simple-to-use tool
once they had been trained in its use. The app’s different
functions enable them to consult the patients’data, communicate
with them, plan their appointments, and monitor their adherence
to treatment.

Given that the app had not been integrated into the hospital
information system at the time of the study, the midwives could
not enter appointments into the hospital information system’s
diary from the app or vice versa; hence, to make appointments,
they had to work on two IT tools in parallel. Even though the
app had a simple-to-use interface, the fact that it was a
web-based tool meant that the transitions were sometimes slow.
Hence, data sometimes had to be entered twice: once on paper
and then on the app.

Performance Expectancy
Use of the app was associated with a fall in the number of daily
calls from midwives to patients. Nevertheless, the midwives
continued to phone the women when the medical team had
decided to stop the treatment or when the women had not ticked
the boxes for adherence to treatment. This enabled them to
optimize the dialogue by phone. Certain women continued to
call or email the midwives regardless, to check that they had
correctly understood the treatment procedures and advice

specified by the app or to change an appointment. The midwives
replied to these questions by email or by phone. The frequency
of these requests tended to fall over time, as the midwives and
the patients became more familiar with the app.

In order to ensure that the women were using the app correctly,
the midwives helped some of them (especially those who did
not understand or speak French sufficiently well) to install the
app and explained how to use it. Furthermore, the advice stored
in the app can be presented in several languages.

The decrease in the number of phone calls freed up an average
of 2 hours per day, which enabled the midwives to perform
other tasks (consultations, patient education sessions, etc).

Discussion

Principal Findings
On an annual basis, our center performs around 1400 oocyte
retrieval procedures, 900 frozen embryo transfers, and 700
intrauterine inseminations. This corresponds to 30 to 50 women
per day seen for ultrasound scans and hormone assays, and the
volume of activity is increasing. Until now in France, MAR has
only been available to heterosexual couples on medical
indication. The law on bioethics, to be promulgated in 2021,
extends MAR to female couples and single women. Activity in
MAR centers has therefore risen sharply. Use of the connected
mobile app was associated with a considerable decrease in the
number of phone calls during the day. This resulted in significant
time savings for the medical team, who were therefore able to
perform other tasks. The women received their treatment advice
in a secure manner, which had not been the case previously.
The women felt reassured and less stressed about making
treatment mistakes.
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We did not question the partners, but in the open-ended
questions, some of them said that they were reassured to be able
to read the treatment instructions and felt more involved in the
care compared with the phone call.

At present, it is difficult to quantify the extent of treatment errors
during an ovarian stimulation program. Till date, no study has
been published in the literature on this subject. Nevertheless,
along with the treatment reminders, the fact that the woman’s
prescription is given in writing in the app and can be accessed
at any time (and in several languages, if required) probably
helped to reduce forgetfulness and treatment administration
errors. This traceability is essential for secure communication
between patients and professionals. Barrière et al [15] conducted
an observational, real-life, longitudinal study involving 488
patients from 28 infertility centers in France to evaluate
patient–infertility care provider relationships and communication
in Assisted Reproductive Technology centers and investigate
whether the quality of the care provided had an impact on patient
adherence to treatment and monitoring protocols. They showed
that even when patient-physician relationships appear to be
satisfactory, patient miscomprehension and noncompliance
during infertility treatment may be underestimated, and
improvements in communication are also required.

Several studies [16,17] and reviews of the literature [18-20]
have shown that stress is a major risk factor for impaired quality
of life and a poor experience of infertility treatment. It also
exposes patients to the risk of abandoning assisted reproduction
procedures, thereby reducing their chances of pregnancy. It is
therefore conceivable that mobile apps can reassure patients
undergoing infertility treatments and consequently reduce the
stress inherent in these procedures, as suggested in a recent
review [21]. Further studies using standardized questionnaires
and comparing the anxiety levels of the app users with those of
nonusers could answer this hypothesis. The risk of dropping
out of infertility management procedures could also be compared
between these two groups.

Over the last decade, huge progress has been made in
information and communication technology. “eHealth” and
smart (connected) devices have brought together services that
facilitate communication with the patient and thus improve the
overall quality of care (teleconsultations, electronic health
records, smart eHealth apps, etc) [22]. Telemedicine enables
medical data to be shared with the patient or between health
care professionals. Many connected health apps have been
developed – notably in the fields of radiology and cardiology
[23]. A recent study showed that connected health technologies
can facilitate access to cancer care and improve the patient’s
psychological well-being and quality of life [24]. Recently,
connected apps have been developed for use in gynecology and
obstetrics [25]. There are probably other connected apps in the
world in the field of fertility, but to date and to our knowledge,

there are very few publications on this subject. Boivin et al [26]
were interested in the development of a mobile app (MediEmo)
to provide support during medically assisted reproduction.
MediEmo is an app combining patient medication diary
management and ease of integration into clinic systems with
emotional support and data capture. They showed that 98% of
patients expressed willingness to use the app, and almost 80%
did so. Thus, the development of smartphone apps can contribute
to fertility care and should be encouraged.

The profile of women in MAR programs is particularly suitable
for this type of development: they are young and active and
they all use a smartphone.

The protection of the patients’ personal data is a crucial aspect
in the development of connected health technologies [27,28].
WiStim complies with the European Union’s General Data
Protection Regulation, and the app’s host is accredited by the
French Ministry of Health.

One limitation is that the app is currently fee-based, although
various funding options are being considered. In the present
case, our hospital paid for the subscription to the app, and so it
was cost-free for the users. However, the hospital’s finance
department is currently carrying out a medical-economic survey
to assess the profitability of financing the app in relation to the
time saved by the midwives. In fact, the midwife who used to
call patients back can now do consultations instead.

Another limitation is the relatively small number of
questionnaires analyzed and the fact that this was a single-center
study. These are preliminary results, and they pave the way for
further investigations in a larger population. Indeed, a
multicenter study, with more questionnaires and over a longer
period would be desirable to confirm these data.

Moreover, the questionnaires were distributed as soon as the
app was installed in the department, so a learning curve was
necessary for both patients and professionals. Overall
satisfaction is probably higher now that the tool is better
understood. Till now, all our patients have used the app.

Conclusion
Our results showed that the use of the connected health care
app reassured women during the ovarian stimulation phase of
a MAR program. Both the women and the medical team
considered that the app was easy and intuitive to use. The
information on treatment was sent in a secure manner and could
be accessed around the clock by the patient. Connected health
care apps have been developed widely in recent years. WiStim
is one of the first reliable, secure apps in the field of MAR.
Given the growth in demand for the MAR program and the
medical team’s workload, the time savings provided by the app
constitute a nonnegligible advantage.
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Abstract

Background: Symptoms of insomnia, nightmares, and trauma are highly prevalent. However, there are significant barriers to
accessing evidence-based treatments for these conditions, leading to poor mental health outcomes.

Objective: This pilot trial evaluated the feasibility of a 4-week, digital self-paced intervention combining cognitive behavioral
therapy for insomnia and exposure, relaxation, and rescripting therapy for nightmares in survivors of wildfires from Australia,
Canada, and the United States.

Methods: Study participants were recruited between May 2023 and December 2023 through social media platforms, workshops,
conferences, and radio interviews. Participants had to meet at least one of the following criteria: a score of ≥8 on the Insomnia
Severity Index, a score of ≥3 on the Nightmare Disorder Index, or a score of ≥31 on the PTSD Checklist for DSM-5. In total, 30
survivors of wildfires were allocated to either the treatment group (n=16, 53%) or the waitlist control group (n=14, 47%) in a
sequential manner. Participants’ ages ranged from 18 to 79 years, with a mean age of 52.50 (SD 16.26) years. The cohort consisted
of 63% (19/30) female and 37% (11/30) male participants. Participants also completed self-report secondary outcome measures,
including the Generalized Anxiety Disorder–7, the Patient Health Questionnaire–9, and the Pittsburgh Sleep Quality Index, via
the HealthZone digital platform. Assessments were conducted at baseline, the posttreatment time point, and the 3-month follow-up,
with the waitlist group undergoing an additional assessment at the pretreatment time point, after 4 weeks of waiting and before
crossing over to treatment. This study used intention-to-treat analysis as a primary analysis and per-protocol analysis as a secondary
analysis.

Results: Mixed-effects linear regression models and difference-in-differences analyses were used to assess the intervention’s
effects. The intention-to-treat analysis revealed significant improvements over time (main effect of time), with a 1.64-point
reduction (P=.001) on the Nightmare Disorder Index and 10.64-point reduction (P=.009) on the PTSD Checklist for DSM-5 at
the postintervention time point. No significant changes were observed in insomnia symptoms. On the secondary measures, there
was an interaction effect of condition × time, with a 2.22-point reduction (P<.001) on the Pittsburgh Sleep Quality Index, and a
main effect of time, with a 6.48-point reduction (P<.001) on the Patient Health Questionnaire–9. No changes were detected on
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the Generalized Anxiety Disorder–7. The per-protocol analysis yielded comparable results for both the primary and secondary
measures.

Conclusions: The findings of this pilot trial demonstrated a reduction in nightmares and trauma symptoms. Future research
studies should aim at evaluating the intervention in a more definitive trial with a larger sample size.

Trial Registration: Australian New Zealand Clinical Trials Registry (ANZCTR) ACTRN12623000415606;
https://anzctr.org.au/Trial/Registration/TrialReview.aspx?id=385054

(JMIR Hum Factors 2025;12:e65228)   doi:10.2196/65228

KEYWORDS

insomnia; nightmares; posttraumatic stress disorder; PTSD; wildfires; cognitive behavioral therapy for insomnia; CBTi; exposure,
relaxation, and rescripting therapy; ERRT; Sleep Best-i; mobile health; mHealth; digital health; computer; eHealth; bushfires

Introduction

Background
The consequences of wildfires can be devastating, resulting in
significant losses of life, property, and livelihood. According
to the Emergency Events Database, wildfires have been
responsible for 1890 fatalities and 14,360 injuries between 2000
and 2023, with the highest tolls observed in Australia, New
Zealand, Southern Europe, and North America [1]. The impact
of wildfires extends far beyond the immediate loss of life and
property, with survivors often experiencing a range of physical
and emotional challenges that can have long-lasting effects.
Physical injuries, such as bodily burns, smoke inhalation, and
eye irritation, as well as increased risk of myocardial infarction
and certain types of cancers, are a significant concern for
survivors [2-4]. In addition, the proximity of wildfires to
residential areas can have a profound impact on overall
well-being, with research showing that life satisfaction decreases
significantly in areas within 0 to 15 km of the fires [5]. The
traumatic experience of a wildfire can also leave a lasting
emotional impact, with survivors often reporting persistent
feelings of fear and unsafety that can linger long after the initial
event [5].

Beyond the physical and emotional challenges, many survivors
face significant financial pressures, including the cost of
rebuilding or relocating. For those who have lost their homes,
the decision of whether to rebuild can be a difficult and
emotional one, with financial pressures and the loss of a sense
of security and community adding to the burden [3]. Others
may experience stressors related to the loss of a workplace,
hardship, and financial uncertainty. Therefore, the availability
and timing of government relief and community support services
are critical in facilitating the recovery of communities and
individuals, with initiatives such as rehousing and recovery
projects, psychological support, and primary producer repair
and restoration [3,5] helping mitigate the impact of wildfires.
However, when such support is not provided in a timely manner,
emotional and psychological distress can intensify, leading to
multiple psychological problems that can become highly
resistant to treatment.

This is particularly concerning as research has shown that
exposure to wildfires can have a significant impact on emotional
well-being. Over the past decade, there has been a growing
interest in investigating the impact of wildfire trauma on mental

health [6,7]. Posttraumatic stress disorder (PTSD) is among the
more severe mental health conditions that may arise immediately
or in the months following exposure to traumatic events [7].
Exposure to wildfires, which pose a significant threat to life or
well-being, can increase an individual’s risk of developing
PTSD. People with PTSD may exhibit symptoms such as
reliving traumatic events through nightmares or flashbacks;
sleeping difficulties; irritability; intrusive memories; feelings
of horror, shame, and anger; avoidance of reminders of the
traumatic event; alterations in arousal state or mood and
cognition; and difficulties with work and daily activities [8].

Sleep disturbances are prominent features of PTSD and are
frequently reported following trauma [9,10]. The onset of sleep
disturbances following exposure to traumatic events is a strong
predictor of the development of PTSD [11]. According to the
Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition (DSM-5), insomnia and nightmares fall under the
re-experiencing and the hyperarousal clusters of PTSD
symptoms [8]. Insomnia is the most prevalent sleep disturbance
in survivors of wildfires and is characterized by difficulty
initiating or maintaining sleep or early-morning awakening [8].
Survivors of trauma also frequently experience nightmares,
which are repeated distressing and well-remembered narrative
dreams that lead to the individual waking up in a fight-flight
state of alertness and having difficulty returning to sleep or even
trying to avoid sleeping [8]. A study examining sleep
disturbances and PTSD in survivors of wildfires revealed that
approximately 49.2% (n=126) experienced symptoms of
insomnia, 28.7% experienced nightmares, and 77.9% reported
PTSD symptoms [12].

Studies suggest that cognitive behavioral therapy for insomnia
(CBTi); cognitive behavioral therapy (CBT) for PTSD; and
exposure, relaxation, and rescripting therapy (ERRT) for
nightmares are effective treatments for insomnia, nightmares,
and other trauma symptoms [13-18]. CBTi includes stimulus
control, sleep hygiene, sleep restriction, cognitive restructuring,
and relaxation training [19,20]. Nightmare treatment using
ERRT is effective in giving those who experience nightmares
a sense of control over the nightmare through writing benign
dreams that can be rehearsed verbally or mentally [21]. The
treatment focuses on addressing the themes presented in the
nightmare and incorporates rescripting, imagery or verbal
rehearsal, relaxation, and sleep hygiene elements [22,23].

JMIR Hum Factors 2025 | vol. 12 | e65228 | p.1109https://humanfactors.jmir.org/2025/1/e65228
(page number not for citation purposes)

Isaac et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.2196/65228
http://www.w3.org/Style/XSL
http://www.renderx.com/


Most research on trauma and sleep disorders has been conducted
with military veterans, who have been the primary focus of
clinical trials and studies in this area [24-26]. There is a need
to focus on developing treatments for people who have
experienced the trauma of natural disasters, including wildfires.
There have only been 2 clinical trials addressing the treatment
of sleep disturbances and PTSD in survivors of wildfires [27,28].
Both trials have shown that the administration of sleep dynamic
therapy and CBTi therapist-assisted self-help interventions led
to a significant reduction in insomnia and PTSD symptoms
following treatment.

Objectives
While studies support the effectiveness of CBT, CBTi, and
ERRT in treating trauma symptoms, insomnia, and nightmares,
accessing these treatments can be challenging, particularly when
wildfires cause destruction to infrastructure. This, in turn, causes
difficulty in the delivery of counseling services to remote
locations where large numbers of people are affected and in
great need. Digital therapies can bridge this gap by delivering
evidence-based treatments in communities affected by the
trauma of wildfires [29,30]. However, the feasibility of digital
therapies should be first examined in clinical trials before they
are operationalized in the field [27,31]. Therefore, a brief,
digital, self-paced, multicomponent therapeutic approach
incorporating CBTi for insomnia, CBT for PTSD, and ERRT
for nightmares was developed. The main objective of this pilot
trial was to assess the feasibility of an intervention called Sleep
Best-i in alleviating symptoms of insomnia, nightmares, and
PTSD among survivors of wildfires. A secondary research
objective was to undertake a comparative analysis of the degree
of symptom reduction between the intervention and the waitlist
control groups, with a view to informing an assessment of the
feasibility of conducting a future definitive randomized
controlled trial. Specifically, this assessment aimed to evaluate
the acceptability and usability of the Sleep Best-i intervention.
This clinical pilot trial tested the following hypotheses: (1) Sleep
Best-i will result in significant reductions in insomnia,
nightmares, and PTSD symptoms from baseline to the
posttreatment time point compared to the waitlist group; (2)
Sleep Best-i will also lead to significant reductions in anxiety
and depression scores and improvements in sleep quality from
baseline to the posttreatment time point compared to the waitlist
group; and (3) both groups (within-group effects) will
experience significant improvements in all measures (insomnia,
nightmares, PTSD symptoms, anxiety, depression, and sleep
quality) from baseline to the posttreatment time point, and these
improvements will be maintained at the 3-month follow-up after
receiving Sleep Best-i.

Methods

Study Design
This study used a parallel-arm, sequential alternation method
of randomizing participants to either the intervention or waitlist
group in a 50:50 ratio, with a crossover of the latter group. The
alternation method ensures the ability to answer questions about
the effectiveness of treatments to inform decision-making in
clinical practice [32]. The treatment group completed self-report

assessments at baseline, at the posttreatment time point
following the administration of Sleep Best-i, and at the 3-month
follow-up. The waitlist group completed the same assessments
at baseline, at the pretreatment time point (following 4 weeks
of waiting and before crossing over to treatment), at the
posttreatment time point following the administration of Sleep
Best-i, and at the 3-month follow-up. The CONSORT
(Consolidated Standards of Reporting Trials) checklist was
followed [33]. Please refer to Appendix 1 for the
CONSORT-EHEALTH (Consolidated Standards of Reporting
Trials of Electronic and Mobile Health Applications and Online
Telehealth) checklist (Multimedia Appendix 1).

Ethical Considerations
Following ethics approval from the Federation University
Human Research Ethics Committee (approval 2022-153), an
advertisement about the study was distributed. Survivors of
wildfires interested in the study read a plain-language
information statement (PLIS) about the study and provided
baseline data. Participants who met the selection criteria
provided informed consent by checking a box on a digital
consent form hosted on Federation University’s HealthZone
platform, thereby indicating their agreement to take part in the
study. Participants were informed that their participation was
voluntary. To ensure the secure storage and handling of collected
information, data were stored on a password-protected digital
health platform (HealthZone) during the trial accessible only
to the researchers involved in the study. To protect participants’
confidentiality, names were replaced with unique identifiers,
and only country of residence was collected, with no addresses
recorded. The data will be retained for 15 years before being
destroyed. To manage any potential risks, participants were
provided with emergency contact numbers relevant to their
country of residence. As a gesture of appreciation, participants
who completed the study were offered an Aus $100 e-voucher
(approximately US $66.70).

Participants
Participants were recruited between May 2023 and December
2023 via social media platforms, including international
Facebook campaigns, radio broadcasts, LinkedIn, Reddit, and
online community noticeboards. This study was also advertised
on the Natural Hazards Research Australia and the Australian
Institute for Disaster Resilience websites.

Adult survivors of wildfires from Australia, Canada, and the
United States aged ≥18 years were invited to take part in the
clinical pilot trial if they had experienced wildfires at any point
in the past and had sleep or trauma symptoms.

An a priori power analysis indicated that a sample size of 50
was required to detect meaningful differences between the
intervention and waitlist groups considering an α value of .05,
a value of d of 1.0, an attrition rate of 20%, and 80% power
[34].

Inclusion Criteria
To be eligible to take part in the trial, participants had to (1)
provide digital consent; (2) have a score of ≥8 on the Insomnia
Severity Index (ISI), (3) a score of ≥3 on the Nightmare Disorder
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Index (NDI), or (4) a score of ≥31 on the PTSD Checklist for
DSM-5 (PCL-5); (5) be fluent in the English language; and (6)
have access to the internet. Exclusion criteria included not being
a survivor of a wildfire, diagnosis of a psychotic disorder,
suicide risk, diagnosis of sleep apnea or restless leg syndrome,
diagnosis of alcohol or drug dependence, and attendance to
psychotherapy for either sleep or PTSD conditions. In addition,
participants were excluded if they were currently using steroids
for any health condition; medications that promote sleep, such
as benzodiazepines (eg, alprazolam, clonazepam, and
temazepam); or medications that may affect sleep, such as
opiates or other pain medications. By excluding these
individuals, this study aimed to ensure that participants were
suitable for the trial and that the results would not be confounded
by other factors.

Procedure
The trial was registered prospectively in the Australian New
Zealand Clinical Trials Registry (ACTRN12623000415606).
Since its initiation, this study’s protocol has undergone only
minor revisions, specifically an update to the statistical analysis
methodology to include linear mixed methods and
intention-to-treat (ITT) analysis.

An advertisement of this pilot study with a URL was distributed
on social media platforms displaying Federation University and
the Natural Hazards Research Australia affiliations. This study
was also promoted in national conferences, sleep workshops
delivered to communities affected by wildfires, the Red Cross,
and group meetings for people with sleep disorders in Australia.
Radio interviews were also undertaken to promote the study.
Survivors of wildfires who were interested read a PLIS (refer
to Multimedia Appendix 2 for PLIS); signed a digital consent
form (refer to Multimedia Appendix 3 for the consent form) to
register an account on Federation University’s digital
HealthZone platform; and provided baseline data by completing
a demographic questionnaire as well as self-report measures on
insomnia, nightmares, and trauma symptoms. Participants had
the option of providing a pseudonym if they wished. However,
they needed to provide a valid email address to allow for
communication about the study. Their email addresses were
also directly connected to their personal dashboard on
HealthZone. The baseline data were viewed by 2 researchers
to decide eligibility. Those who were eligible (assessed by FI
and GAK, both clinical psychologists) were contacted via email
to notify them of their eligibility and their randomization and
receive instructions on how to access their personal dashboard
on HealthZone. Participants were sequentially allocated via
simple randomization in the order of their enrollment (using a
computer-generated simple randomization sequence), and they
were informed about the purpose, allocation, and structure of
the study as explained in the PLIS. However, they were not
informed about the study’s hypotheses. Once participants gained
access to their personal dashboard within HealthZone, they were
able to access information about the trial, complete the
self-report secondary measures, and access the treatment
modules consecutively. The treatment modules were provided
at no cost, allowing participants to use their own devices and
access the program and its modules on various platforms,
including mobile devices, tablets, and desktop computers.

HealthZone features a responsive web design compatible with
both iOS and Android operating systems, making it easily
accessible. Participant response data were captured on all
devices. The modules were released sequentially to participants
over 4 weeks. All data were collected through self-report
measures at prespecified intervals. Participants were instructed
to complete a module or a set of 2 modules each week along
with the required interval assessments. Automated email
reminders alerted participants about the release of each module
and the specified assessments. If the modules were not viewed
within the first 3 days of their release, an automated email
reminder was sent to participants, and a second reminder was
sent on the seventh day of their release. Automated email
reminders at a similar frequency were also used for the primary
and secondary measures (self-report scales). The personal
dashboard was accessible to participants at any time. A “Contact
us” tab was available on the personal dashboard that allowed
participants to contact the research team and ask questions about
the study or express any concerns. A total of 7% (2/30) of the
participants were unsure about how to access the modules, and
3% (1/30) had an inquiry about one of the modules.

The research team sent 2 follow-up emails spaced 2 weeks apart
to participants who registered, were randomized, but did not
commence treatment, serving as a reminder about the study and
to gauge their ongoing interest in participating.

The modules were available to participants from the start of the
trial to the end of the follow-up period. Participants were able
to access their dashboard for 4 weeks following the 3-month
follow-up data collection. HealthZone recorded data about the
number of log-ins, number of pages visited, and date of
commencement and duration of participation for each
participant. Each module was 17 minutes in duration. Therefore,
participants were expected to spend at least 3 hours over the 4
weeks to indicate adherence to treatment. This time is optimal
for viewing all modules and completing all assessments. No
statistical analyses were conducted in the interim of the study.
HealthZone was monitored daily during the trial to track any
potential concerns or issues associated with the site or the
participants.

Treatment Protocol

Sleep Best-i Intervention
Sleep Best-i was specifically designed for this clinical trial by
some of the researchers who conducted this study (FI, BK, and
GAK). The collated treatment manual draws from
evidence-based treatment manuals authored by other sleep
researchers [19,21,35-39]. The main therapeutic methods used
in the manual were CBTi and ERRT. The recorded digital
modules feature human-recorded voice and animated videos
using VideoScribe (Sparkol) [40] that explain concepts related
to sleep and trauma symptoms. The intervention also offers 2
role-plays of therapeutic sessions to demonstrate the
administration of cognitive restructuring, dream rescripting,
and sleep scheduling. Sleep Best-i consists of 6 modules
administered over a 4-week period. In addition, the program is
accessible via a platform that uses a responsive web design,
with no requirement for a specific app or download. This allows
participants to access the program from a variety of devices
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(including mobile phones), as well as their preferred web
browser. By being web based, the program can be easily
accessed from anywhere at any time, making it a convenient
and flexible intervention.

Participants were encouraged to complete the entire Sleep Best-i
program, but completion of each module was not mandatory.
This allowed individuals to engage with relevant content tailored
to their specific needs, whether they experienced nightmares,
PTSD, insomnia, or a combination of these conditions.
Furthermore, participants had the flexibility to stop and start

the program as desired, and all modules were available for the
entire study period, enabling them to revisit specific modules
should they wish to do so.

Table 1 shows the therapeutic modality offered in each module.
Once released, the modules remained unchanged throughout
the trial, and the intervention was successfully implemented
without encountering technical difficulties. There were
periodical checks to ensure that the modules were compliant
with the treatment manual. All links have been archived in the
Wayback Machine (Internet Archive).

Table 1. Sleep Best-i modules and the treatment offered in each module. All modules were approximately 17 minutes in duration.

Strategies offeredModule

Offered at week 1, the module provided psychoeducation about sleep and insomnia, the stages of
sleep, and the neurobiology of sleep [14].

Module 1 (psychoeducation)

Offered at week 1, the module focused on the cognitive component of CBTia, types of unhelpful
thoughts, methods to challenge unhelpful thoughts, and sleep hygiene [30].

Module 2—part 1 (cognitive restructuring and
sleep hygiene)

Offered at week 2, the module educated participants about specifying regular sleeping and waking
up times with as little variation as possible between the 2. Stimulus control restricted the bedroom
or the bed to sleep only [34].

Module 2—part 2 (sleep scheduling and stimulus
control)

Offered at week 3, the module provided psychoeducation about trauma, PTSD, flashbacks, and how
trauma leads to sleep difficulties. It also provided behavioral interventions for trauma symptoms.

Module 3 (trauma, PTSDb, and flashbacks)

Offered at week 4, the module explored nightmare disorder, how nightmares develop, and how to
rescript the nightmare into a more neutral dream [16].

Module 4 (nightmares)

Offered at week 4, the module focused on identifying early warning signs and methods preventing
relapse of symptoms [33].

Module 5 (relapse prevention)

This module offered a recorded progressive muscle relaxation mindfulness, and it was available to
participants throughout the study.

Mindfulness module

aCBTi: cognitive behavioral therapy for insomnia.
bPTSD: posttraumatic stress disorder.

Waitlist Control Group
Following a waiting period of 4 weeks, the waitlist control group
received Sleep Best-i in the same sequence in which it was
released to the treatment group.

Measures

Overview
All scales were digital, self-report measures that were
administered through HealthZone. The self-report measures as
well as the modules were tested by 2 research team members
(FI and BK) before being released to participants. The order of
the modules and the questions were the same for all participants
in the 2 groups.

Demographic Data
Participants provided the following information: name, email
address, age, sex, employment status, educational level, marital
status, country of residence, experience with wildfires, history
of taking steroids, diagnosis of sleep apnea or restless leg
syndrome, diagnosis of a psychotic disorder, use of alcohol or
drug dependence, type of medications used to assist with
sleeping, history of antidepressant use, and whether they were
attending psychotherapy for sleep or PTSD.

Primary Measures

ISI Measure

The ISI [41] includes 7 items that assess insomnia severity
through the subjective experience of sleep. The score varies
from 0 to 28, with higher scores indicating more severe insomnia
symptoms. A score of ≥8 indicates the presence of a
subthreshold insomnia. Previous studies have demonstrated
strong internal consistency for the ISI, with Cronbach α values
ranging from 0.87 to 0.92, indicating high reliability [42].

NDI Measure

This scale consists of 5 items that assess symptoms of
nightmares according to the DSM-5 criteria by screening for
the occurrence of nightmares in a given week. The 5 items are
summed to obtain a score between 0 and 20, with higher scores
representing greater nightmare severity. The NDI exhibits good
internal consistency, with a Cronbach α of 0.80 [43].

PCL-5 Measure

The PCL-5 [44] includes 20 self-report items assessing the
presence of PTSD symptoms over a 1-month interval. A global
score that ranges between 0 and 80 is obtained by summing the
20 items. A cutoff score of 31 provides optimal sensitivity and
specificity in providing a provisional diagnosis of PTSD [45].
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The PCL-5 has good psychometric properties, with an internal
consistency of Cronbach α=0.94 [46].

Secondary Measures

Generalized Anxiety Disorder–7

This scale is a 7-item, self-report measure that assesses anxiety
symptoms over a 2-week interval. A score from 0 to 21 is
obtained by summing the 7 items. The Generalized Anxiety
Disorder–7 (GAD-7) [47] has a good internal consistency, with
a Cronbach α ranging between 0.82 and 0.93 [48]. A cutoff
score of 10 discriminates between mild and severe symptoms
of anxiety [48].

Patient Health Questionnaire–9

This scale consists of 9 items assessing symptoms of depression
over the last 2 weeks. The overall score is obtained by summing
all the 9 items and ranges from 0 to 27. A cutoff score of 10 is
considered optimal in discriminating between mild and severe
symptoms of depression [49]. In this study, the Cronbach α for
the Patient Health Questionnaire–9 (PHQ-9) was 0.86.

Pittsburgh Sleep Quality Index

The Pittsburgh Sleep Quality Index (PSQI) [50] consists of 19
items assessing sleep quality and disturbances related to sleep
over a 1-month interval. A global score ranging between 0 and
21 is generated by summing 7 components of sleep quality. A
global PSQI score of >5 is considered a sensitive and specific
cutoff to discriminate between good and poor sleep quality [51].
The PSQI has a good internal validity, with the Cronbach α
ranging between 0.79 and 0.81 [51].

Satisfaction and Level of Engagement With Treatment

One question was designed for this study to measure satisfaction
with Sleep Best-i. Participants were asked to rate how likely
they were to revisit the Sleep Best-i modules on a 5-point Likert
scale from strongly disagree to strongly agree (0-4). To assess
level of engagement with treatment, the number of log-ins and
amount of time that each participant spent on the site were
monitored.

Data Analysis
Data analyses were conducted using the Stata statistical software
package (version 18; StataCorp) [52]. All variables were
inspected for normality and outliers. An inspection of histograms
and Q-Q plots revealed normally distributed data. Upon
inspection of box plots on all scales, 1 outlier was identified on
the PCL-5 at the 3-month follow-up assessment, a second outlier
was detected on the PHQ-9 at the 3-month follow-up, and a
third outlier was detected on the PSQI at the waitlist assessment
(3-month follow-up assessment). The results did not differ upon
removing the outliers from the analyses; therefore, the outliers
were retained [53,54]. To ensure a robust evaluation of the
intervention’s feasibility, the ITT analysis with 30 participants
and the per protocol (PP) analysis with a sample of 20 were
used, allowing for a comprehensive assessment of treatment
outcomes, thereby enhancing the accuracy and generalizability
of the findings [33,55,56].

For both analyses, missing data were addressed using multiple
imputation by chained equations. This approach is more robust

than other methods such as single imputation because it
generates multiple predictions for each missing value,
accounting for uncertainty in the imputations and yielding more
accurate SEs [57]. To impute missing data, background variables
such as age, sex, educational level, employment status, country,
and relationship status; baseline measures; and the most recent
observations of each outcome were used.

To address uncertainty, each missing value was imputed 20
times using predictive mean matching based on the 3 nearest
values across multiple iterations to create 100 imputed datasets.
The imputed values were then averaged to create the final
estimates [58]. Predictive mean matching, a partially parametric
method, is preferable to fully parametric linear regression as it
remains effective even when the normality assumption of the
underlying variable is violated. This method also helps preserve
the distribution of observed values in the missing data [59].
Missing value analysis indicated that the data were missing
completely at random (Little missing completely at random test:

χ2
867=0.0, P>.99), meaning that the differences between the

missing and observed data were related to observed
characteristics [60].

Adjusted analyses of intervention effects were conducted using
mixed-effects linear regression models. Both fixed and random
effects were estimated to assess the impact of the intervention
on the change in all outcomes (primary and secondary) over
time and by condition. Given that observed covariates were
balanced between the 2 conditions (waitlist and treatment), the
difference-in-differences (DID) effect for the fixed part of the
mixed-effects models was tested by including interaction terms
for time point and condition. DID is considered the most
appropriate measure to assess causal effects in time-series
designs as it effectively controls for time-invariant confounding
variables. By doing so, DID reduces bias and enhances internal
validity, providing a more accurate estimate of the treatment
effect [61].

The appropriateness of the mixed-effects model for each
outcome was assessed using chi-square statistics (P<.05).
Random-intercept linear models were compared with
random-intercept, random-slope models using likelihood ratio
tests. The random-intercept, random-slope model was reported
only if the likelihood ratio test indicated P<.05; otherwise, the
simpler random-intercept model was selected. A significant
effect of the intervention or difference in outcome between
groups was assessed using a 2-tailed test of significance with
P<.05.

A sensitivity analysis was conducted to test whether the model
and covariance structures were misspecified. Several major
types of covariance structures, including independent,
unstructured, exchangeable, identity, and autoregressive
structures, were examined. In addition, the model parameters
using both maximum likelihood and restricted maximum
likelihood methods were estimated. Although the results were
generally consistent across different covariance structures, the
model with an exchangeable structure was deemed the best fit.
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Clinical Significance
Clinical significance was assessed for the 2 groups from baseline
to the 3-month follow-up. To evaluate the clinical significance
on sleep and trauma measures, specific criteria were used for
each scale. For example, for the ISI, a cutoff score of ≤8 with
a ≥6-point reduction in scores was used to assess whether
participants reached a minimal clinically significant change
(MCSC) [26,62]. For the NDI, there are no established criteria
for MCSC; therefore, a cutoff score of ≤7 as suggested by Dietch
et al [43] was used. Marx et al [63] recommend a score of ≤28
and a drop of ≥18 points on the PCL-5 as a guide for MCSC.

Results

Overview
A total of 33 participants responded to the advertisement,
registered an account with Federation University’s digital

HealthZone platform, and provided baseline data. In total, 9%
(3/33) were excluded because they did not meet the selection
criteria, and 91% (30/33) were randomized to either the
intervention or the waitlist group. A total of 53% (16/30) were
randomized into the intervention group, and 47% (14/30) were
in the waitlist group (for the participant CONSORT chart, refer
to Figure 1). Ages ranged between 18 and 79 years (mean 52.50,
SD 16.26 years; N=30), with most participants (19/30, 63%)
being female (vs 11/30, 37% male). A total of 67% (20/30) of
the participants completed the trial, and their data were analyzed
as PP. The ages of the latter group ranged from 18 to 79 years
(mean 53.75, SD 16.54 years), with most participants (14/20,
70%) being female (6/20, 30% were male). Demographic
variables for the treatment and waitlist groups are shown in
Table 2.

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flowchart showing participant flow through allocation to the treatment and waitlist
conditions. ISI: Insomnia Severity Index; ITT: intention to treat; NDI: Nightmare Disorder Index; PCL-5: PTSD Checklist for DSM-5; PP: per protocol.
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Table 2. Demographic variables for the treatment and waitlist groups and differences between the 2 at the baseline assessments.

P valueaStatisticWaitlist (n=14)Treatment (n=16)Demographics

.28t28=1.1149.00 (17.34)55.56 (15.14)Age (y), mean (SD)

.51χ2
2=1.4 (N=30)Biological sex, n (%)

8 (57)11 (69)Female

6 (43)5 (31)Male

——bCountry, n (%)

14 (100)12 (75)Australia

0 (0)3 (19)Canada

0 (0)1 (6)United States

.75χ2
3=1.2 (N=30)Educational level, n (%)

6 (43)8 (50)Bachelor’s degree

6 (43)4 (25)Certificate or diploma

1 (7)2 (12)High school

1 (7)2 (12)Postgraduate

.64χ2
4=2.6 (N=30)Employment status, n (%)

5 (36)7 (44)Employed

0 (0)1 (6)Looking for work

5 (36)5 (31)Retired

1 (7)2 (12)Student

3 (21)1 (6)Unemployed

.05χ2
3=8.0 (N=30)Relationship status, n (%)

5 (36)8 (50)Married

5 (36)0 (0)Divorced or separated

4 (29)6 (38)Single

0 (0)2 (12)Widowed

——Wildfires experienced, n (%)

11 (79)8 (50)2019-2020 wildfires (Australia)

0 (0)1 (6)Waroona 2016 (Australia)

0 (0)1 (6)Oregon 2020 (United States)

0 (0)1 (6)2023 Canadian wildfires

0 (0)2 (12)2021 BC fires

1 (7)2 (12)Black Saturday 2009 (Australia)

0 (0)1 (6)Currowan 2021 (Australia)

1 (7)0 (0)Sacramento 2014 (United States)

1 (7)0 (0)Blue Mountains 2013 (Australia)

aSignificance level at P<.05.
bNot applicable.

A total of 4 participants were excluded from the PP analysis for
the following reasons: 2 (50%) participants, who completed the
pilot trial and provided a complete set of data, revealed that
they had restless leg syndrome that was not initially reported
during the screening process; 1 (25%) participant received 1

treatment module but withdrew from the study due to illness,
providing only baseline measures; and a fourth participant (25%)
who provided and completed 50% of the data and modules
withdrew due to illness and family commitments. Therefore,
the PP analysis was conducted on a sample of 20 participants.
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In total, 20% (6/30) of the participants provided baseline data;
however, they did not initiate treatment and did not respond to
emails sent by the research team. Table 1 indicates that there
were no significant differences in demographic variables
between the intervention and waitlist groups at the baseline
assessment (age, P=.28; biological sex, P=.51; education level,
P=.75; employment status, P=.64; and relationship status,
P=.05).

To address hypothesis 1, ITT analysis of the mixed-effects
regression, including the effect sizes of the DID in the
fixed-effects component and the variability in the random-effects
component, showed that, at baseline, the waitlist group had
mean scores of 3.16, 0.39, and 45.29 on the ISI, NDI, and
PCL-5, respectively. At the postintervention time point, the

main effect of time, these scores significantly decreased by 1.64
points on the NDI (P=.001) and 10.64 points on the PCL-5
(P=.009), but no significant (P=.06) change was detected on
the ISI. The treatment group showed slightly lower baseline
scores than the waitlist group, with mean differences of 0.45,
0.04, and 9.20 for the ISI, NDI, and PCL-5, respectively,
suggesting that the 2 groups were relatively balanced at baseline.
The adjusted DID effects following the treatment indicated that
the treatment group experienced greater improvements in mental
health measures compared to the waitlist group, with differences
of 1.54 points for the ISI, 1.22 points for the NDI, and 4.98
points for the PCL-5. Notably, the improvement in the NDI was
marginally significant (P=.06), whereas the improvements in
the ISI and PCL-5 were not statistically significant (P=.26 and
P=.37, respectively; Table 3).

Table 3. Mixed-effects linear regression analysis of the effect of the intervention on primary outcomes (intention-to-treat analysis; N=30)a.

Model 3 (n=60b; PCL-5e)Model 2 (n=60b; NDId)Model 1 (n=60b; ISIc)Variable

P valuehβ (95% CI)P valuegβ (95% CI)P valuefβ (95% CI)

Fixed effects

<.00145.29 (37.27 to 53.30).600.39 (−1.05 to 1.83).123.16 (−0.77 to 7.08)Intercept

Time

—Reference—Reference—iReferenceBaseline

.009−10.64 (−18.65 to
−2.64)

.001−1.64 (−2.58 to
−0.71)

.06−1.88 (−3.86 to 0.10)Postintervention time point

Condition

—Reference—Reference—ReferenceWaitlist

.10−9.20 (−20.17 to 1.78).95−0.04 (−1.04 to 0.97).68−0.45 (−2.56 to 1.66)Intervention

.37−4.98 (−15.94 to 5.98).06−1.22 (−2.50 to 0.06).26−1.54 (−4.26 to 1.17)Time × condition

Random effects

—10.82 (7.26 to 16.14)—0.82 (0.55 to 1.20)—1.41 (0.82 to 2.42)SD (time, intercept)

—N/Aj—1.00 (−1.00 to 1.00)—0.99 (−1.00 to 1.00)Correlation (time, intercept)

—10.81 (8.39 to 13.92)—1.23 (0.86 to 1.47)—2.48 (1.86 to 3.31)SD of residual

aAll models were adjusted for the baseline measure to address the regression-to-mean issue except for model 3, where the baseline measure was excluded
for simplicity and convergence.
bn represents the number of observations in the data with long format to support mixed-effects modeling.
cISI: Insomnia Severity Index.
dNDI: Nightmare Disorder Index.
ePCL-5: PTSD Checklist for DSM-5.
fModel fit—P<.001 (Wald chi-square test) and P=.03 (likelihood ratio test [LRT]) to compare the mixed-effects models with random-intercept linear
models.
gModel fit—P<.001 (Wald chi-square test) and P=.001 (LRT) to compare the mixed-effects models with random-intercept linear models.
hModel fit—P<.001 (Wald chi-square test) and P=.19 (LRT) to compare the mixed-effects models with random-intercept linear models.
iNot available.
jN/A: not applicable as the random-intercept model better fit the data than the random-intercept, random-slope model. Given its better fit, random-intercept
model parameters were reported.

In the random-effects part, there was substantial variability
among individuals, with average deviations of 1.41, 0.82, and
10.82 points for the ISI, NDI, and PCL-5, respectively, around
both the baseline and postintervention means. This suggests
considerable individual variability in the outcomes. The positive
correlation coefficients between the time point and the intercept

indicate that participants with higher baseline scores (above the
overall sample mean) were more likely to experience greater
decreases in their scores over time compared to those with lower
baseline scores. All mixed-effects models for the ISI, NDI, and
PCL-5 were statistically significant (P<.001). Specifically, the
random-intercept, random-slope model was appropriate for the
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ISI (P=.03) and NDI (P=.001), whereas a random intercept–only
model was sufficient for the PCL-5, which also fit the data but
with a nonsignificant P value (P>.05 and P=.19; Table 3). Figure
2 illustrates the changes in primary outcome measures (ISI,
NDI, and PCL-5) from before to after treatment based on the
ITT analysis.

For completers only, PP analysis of the mixed-effects regression
showed that, at baseline, the waitlist group had mean scores of
5.58, 0.46, and 13.37 on the ISI, NDI, and PCL-5, respectively.
At the postintervention time point, these scores did not
significantly change for the 3 measures (ISI; P=.68, NDI; P=.24,
PCL-5; and P=.35). The treatment group baseline scores were
balanced compared to those of the waitlist group, with mean
differences of 0.99, 0.04, and 3.05 for the ISI, NDI, and PCL-5,
respectively. However, the adjusted DID effects indicated an
interaction effect of condition × time, with the treatment group
experiencing greater and more significant improvements on the
NDI with a decrease of 2.27 points (P=.049) and a decrease of
13.46 points on the PCL-5 (P=.03) but no significant
improvements on the ISI (P=.25; Table 4).

There was a substantial variability among individuals, with
average deviations of 3.41, 1.81, and 9.42 points for the ISI,
NDI, and PCL-5, respectively, at the postintervention time point,
suggesting considerable individual variability in the outcomes.
All mixed-effects models for the ISI, NDI, and PCL-5 were
statistically significant (P<.001), with a random-intercept model
being appropriate for the 3 measures (Table 4).

In relation to the second hypothesis, the ITT analysis showed
that, at baseline, the waitlist group had mean scores of 1.66,
12.01, and 0.69 on the GAD-7, PHQ-9, and PSQI, respectively
(Table 5). Only the depression scores decreased significantly
(P<.001) by 6.48 points at the posttreatment time point (main
effect of time) in comparison to the waitlist group. The treatment
group showed slightly lower baseline scores than those of the
waitlist group on the secondary measures, with mean differences
of 0.47, 0.90, and 0.04 on the GAD-7, PHQ-9, and PSQI,
respectively, suggesting that the 2 groups were balanced at
baseline. The adjusted effects at the postintervention time point
indicate that the treatment group experienced greater
improvements than the waitlist group on all measures but with
only significant results on the PSQI (with a difference of 2.22
points; P<.001).

There was variability among individuals, as shown in Table 5,
with average deviations of 0.91, 4.89, and 0.73 points for the
GAD-7, PHQ-9, and PSQI, respectively, around both the
baseline and postintervention means. The positive correlation
coefficients for the GAD-7 and PSQI between the time point
and the intercept indicate that participants with higher baseline
scores (above the overall sample mean) were more likely to
experience greater decrease in their scores over time compared
to those with lower baseline scores. Mixed-effects models for
the 3 measures were statistically significant (P<.001).
Specifically, the random-intercept, random-slope model was
appropriate for the PHQ-9 and PSQI (P=.007 and P=.001,
respectively), whereas a random intercept–only model was
sufficient for the GAD-7 (P=.08). Figure 3 shows the difference

in decrease in scores between the intervention and waitlist
groups for the GAD-7, PHQ-9, and PSQI from the ITT analysis.

For those who completed the study, PP analysis showed that
the waitlist mean baseline scores were 11.78, 12.22, and 13.00
on the GAD-7, PHQ-9, and PSQI, respectively. These scores
decreased significantly only for the PHQ-9 measure by 6.22
points at the posttreatment time point (P<.001). There was also
a main effect of condition on the GAD-7 measure with a
decrease of 4.14 points (P=.04) for the treatment group and an
interaction effect of time × condition on the PSQI (P=.02),
suggesting that the treatment group experienced significantly
better sleep quality than the waitlist group following the
treatment (Table 6).

Table 6 also shows a great variability among individuals on the
random effects, with average deviations of 3.69, 3.16, and 2.82
points for the GAD-7, PHQ-9, and PSQI, respectively, around
both the baseline and postintervention means. This suggests
substantial individual variability in the outcome measures.
Mixed-effects models for the 3 measures were statistically
significant (P<.001), with the random-intercept, random-slope
model being appropriate for the PHQ-9 (P=.004), whereas a
random intercept–only model was sufficient for the GAD-7 and
the PSQI (P=.28 and P>.99, respectively; Table 6).

To address the third hypothesis, separate mixed-effects linear
model analyses were conducted for each group (intervention
and waitlist) on all primary and secondary outcome measures.
The analysis incorporated data from the following time points:
baseline, posttreatment time point, and 3-month follow-up for
the intervention group and pretreatment time point,
posttreatment time point, and 3-month follow-up for the waitlist
group. ITT analysis for the intervention group showed a
significant reduction in insomnia, nightmares, and trauma
symptoms as measured using the ISI, NDI, and PCL-5 both at
the posttreatment time point (P<.001) with an effect of 3.42,
2.86, and 15.62 points, respectively, and at the 3-month
follow-up (P<.001) with an effect of 8.64, 4.20, and 22.83
points, respectively (Table 7).

A great variability among individuals was detected on the
random effects, with average deviations of 1.56, 0.32, and 11.09
points for the ISI, NDI, and PCL-5, respectively, around both
the postintervention and 3-month follow-up means.
Mixed-effects models for the 3 measures were statistically
significant (P<.001), with the random-intercept, random-slope
model being appropriate for the ISI and the PCL-5 (P=007 and
P=.02, respectively), whereas the random-intercept model was
appropriate for the NDI (P=.16; Table 7). Figure 4 shows the
decrease in scores over time at the postintervention time point
and 3-month follow-up for the intervention group.

For those who completed the study, the PP analysis showed
comparable results to those reported in the ITT analysis, with
a significant reduction in symptoms at both the postintervention
time point (ISI; P=.04, NDI; P<.001, PCL-5; P<.001) and
3-month follow-up (P<.001 in all cases). The adjusted effects
showed a continued reduction in symptoms from the
postintervention time point to the 3-month follow-up, with a
difference of 7.81, 4.86, and 23.71 points on the ISI, NDI, and
PCL-5, respectively (Table 8).
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The analysis also showed a substantial variability among
individuals, with average deviations of 1.64, 1.03, and 1.81
points for the ISI, NDI, and PCL-5, respectively, around both
the baseline and postintervention means. The positive correlation
coefficients between the time point and the intercept on the NDI
indicate that participants with higher baseline scores (above the
overall sample mean) were more likely to experience greater
decreases in their scores over time compared to those with lower
baseline scores. All mixed-effects models for the ISI, NDI, and
PCL-5 were statistically significant (P<.001), with a
random-intercept model being sufficient for all 3 measures with
a nonsignificant P value (ISI, P=.18; NDI, P=.07; and PCL-5,
P=.42, Table 8).

On the secondary measures, the ITT analysis showed that the
intervention group experienced significant improvements on
the PHQ-9 and PSQI at both the posttreatment time point and
the 3-month follow-up (P<.001). No significant reduction in
symptoms was observed for the GAD-7 at the posttreatment
time point (P=.21; Table 9). However, all participants in the
intervention group experienced a significant reduction in
symptoms at the 3-month follow-up (P<.001) on the 3 measures,
with adjusted effects showing a decrease of 4.05, 7.50, and 5.12
points on the GAD-7, PHQ-9, and PSQI, respectively. Table 9
also shows variability among individuals on the random effects,
with average deviations of 0.001, 5.46, and 0.82 points for the
GAD-7, PHQ-9, and PSQI, respectively, around the
postintervention and 3-month means. The 3 models were
statistically significant (P<.001), with the random-intercept,
random-slope model being appropriate for the PHQ-9 and PSQI
(P=.03 and P=.002, respectively) and the random-intercept
model being appropriate for the GAD-7 (P=.34). Figure 5 shows
a change in secondary outcomes over time in the intervention
group (ITT analysis).

Comparable results were also detected on the PP analysis, with
individuals experiencing significant reductions in symptoms
following the intervention and also at the 3-month assessments
(P<.001 in all cases) except for the GAD-7, which was found
to be not significant at the postintervention time point (P=.29).
Participants experienced a greater reduction in symptoms at the
3-month assessment, with adjusted effects indicating a reduction
of 3.88, 6.98, and 4.62 points on the GAD-7, PHQ-9, and PSQI,
respectively (Table 10). The 3 models were statistically
significant (P<.001), with the random-intercept model being
appropriate for the 3 measures (GAD-7, P=.32; PHQ-9, P=.56,
and PSQI, P=.05).

Similarly, ITT analysis results of the mixed-effects regression
showed that, at baseline, participants in the waitlist group had
mean scores of 10.79, 5.42, and 13.93 on the ISI, NDI, and
PCL-5, respectively. The adjusted effects at the postintervention
time point indicated that the symptoms significantly reduced
by 6.36, 5.78, and 19.37 points, respectively (P<.001), and a
significant reduction of 8.21, 7.74, and 27.96 points was
observed at the 3-month follow-up for the ISI, NDI, and PCL-5,
respectively (P<.001; Table 11).

In the random-effects part, there was substantial variability
among individuals, with average deviations of 9.80, 6.18, and
1.73 points for the ISI, NDI, and PCL-5, respectively, around

both the postintervention and 3-month means. This suggests
considerable individual variability in the outcomes. All
mixed-effects models for the ISI, NDI, and PCL-5 were
statistically significant (P<.001), with a random-intercept model
being appropriate for the 3 measures with a nonsignificant P
value (P>.05; ISI, P=.45; NDI, P=.59, PCL-5, P=14 Table 11).
Figure 6 shows the changes in primary outcomes over time for
the waitlist group at the postintervention time point and 3-month
follow-up.

The PP analysis showed similar results, with significant
improvements at both the postintervention and 3-month
follow-up assessments on the ISI, NDI, and PCL-5 (P<.001 in
all cases; Table 12). The mixed-effects models for the ISI, NDI,
and PCL-5 were all statistically significant (P<.001). The
random-intercept model was used for the 3 measures (P>.05;
ISI, P>.99; NDI, P>.99; and PCL-5, P=.34, Table 12).

For the secondary measures, ITT analysis showed that the
waitlist group had baseline mean scores of 0.78, 0.36, and 3.31
on the GAD-7, PHQ-9, and PSQI, respectively. The adjusted
effects at the postintervention time point indicated that these
scores decreased significantly by 4.72 and 5.07 points for the
GAD-7 and the PSQI, respectively (P<.001). However, no
significant changes were observed on the PHQ-9 at the
postintervention time point. Furthermore, adjusted effects
showed a significant reduction of 6.51 points on the GAD-7
and 5.00 points on the PSQI (P<.001) against the baseline but
no changes on the PHQ-9 at the 3-month follow-up (Table 13).

There was variability among individuals, with deviations of
1.47, 0.06, and 0.92 points for the GAD-7, PHQ-9, and PSQI,
respectively, around the postintervention and 3-month follow-up
means. The positive correlation coefficients between the time
point and the intercept indicate that participants with higher
baseline scores (above the overall sample mean) were more
likely to experience greater decreases in their scores over time
compared to those with lower baseline scores. All mixed-effects
models for the GAD-7, PHQ-9, and PSQI were statistically
significant (P<.001). Specifically, the random-intercept,
random-slope model was appropriate for the GAD-7 and PSQI
(P<.001 and P=.02, respectively), whereas a random
intercept–only model was sufficient for the PHQ-9, which also
fit the data but with a nonsignificant P value (P>.05; P=.17,
Table 13). Figure 7 shows the changes in secondary outcomes
at the postintervention time point and at the 3-month follow-up
for the waitlist group.

For those who completed the study, PP analysis showed similar
results for the waitlist group, with significant reduction at the
postintervention and 3-month assessments only for the GAD-7
and the PSQI (P<.001); however, no significant changes were
detected for the PHQ-9 at either the postintervention time point
or the 3-month follow-up (P=.61 and P=.92, respectively; Table
14). For those who experienced significant reductions, there
was great variability, with deviations of 1.98 and 1.00 points
for the GAD-7 and PSQI, respectively, around the
postintervention and 3-month follow-up means. All
mixed-effects models for the GAD—7, PHQ—9, and PSQI
were statistically significant (P<.001). Specifically, the
random-intercept model was appropriate for the 3 measures
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with a nonsignificant P values (P>.05; GAD-7, P=.05, PHQ-9, P=.47, PSQI, P=.24, Table 14).

Figure 2. Change in adjusted estimates of primary measures, including the Insomnia Severity Index (ISI); Nightmare Disorder Index (NDI); and PTSD
Checklist for DSM-5 (PCL-5), from before to after the intervention based on the intention-to-treat analysis.
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Table 4. Mixed-effects linear regression analysis of the effect of the intervention on primary outcomes for completers only (per-protocol analysis;

N=20)a.

Model 3 (n=40b; PCL-5e)Model 2 (n=40b; NDId)Model 1 (n=40b; ISIc)Variable

P valuehβ (95% CI)P valuegβ (95% CI)P valuefβ (95% CI)

Fixed effects

.00713.37 (3.71 to 23.03).680.46 (−1.70 to 2.61).015.58 (1.12 to 10.04)Intercept

Time

—Reference—Reference—iReferenceBaseline

.35−4.11 (−12.81 to 4.59).24−1.00 (−2.67 to 0.67).68−0.67 (−3.82 to 2.48)Postintervention time point

Condition

—Reference—Reference—ReferenceWaitlist

.48−3.05 (−11.52 to 5.42).96−0.04 (−1.65 to 1.56).53−0.99 (−4.06 to 2.04)Intervention

.03−13.46 (−25.19 to
−1.73)

.049−2.27 (−4.53 to
−0.01)

.25−2.48 (−6.72 to 1.77)Time × condition

Random effects

—9.43 (6.67 to 10.33)—0.93 (1.31 to 2.00)—2.81 (2.60 to 3.22)SD (time, intercept)

———1.00 (-1.00 to 1.00)—0.99 (-1.00 to 1.00)Correlation (time, intercept)

—9.42 (7.57 to 11.73)—1.81 (1.46 to 2.26)—3.41 (2.74 to 4.24)SD of residual

aAll models were adjusted for the baseline measure to address the regression-to-mean issue.
bn represents the number of observations in the data with long format to support mixed-effects modeling.
cISI: Insomnia Severity Index.
dNDI: Nightmare Disorder Index.
ePCL-5: PTSD Checklist for DSM-5.
fModel fit—P<.001 (Wald chi-square test) and P>.99 (likelihood ratio test [LRT]) to compare the mixed-effects models with random-intercept linear
models.
gModel fit—P<.001 (Wald chi-square test) and P>.99 (LRT) to compare the mixed-effects models with random-intercept linear models.
hModel fit—P<.001 (Wald chi-square test) and P>.99 (LRT) to compare the mixed-effects models with random-intercept linear models.
iNot available.

JMIR Hum Factors 2025 | vol. 12 | e65228 | p.1120https://humanfactors.jmir.org/2025/1/e65228
(page number not for citation purposes)

Isaac et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Table 5. Mixed-effects linear regression analysis of the effect of the intervention on secondary outcomes (intention-to-treat analysis; N=30)a.

Model 3 (n=60b; PSQIe)Model 2 (n=60b; PHQ-9d)Model 1 (n=60b; GAD-7c)Variable

P valuehβ (95% CI)P valuegβ (95% CI)P valuefβ (95% CI)

Fixed effects

.500.69 (−1.33 to 2.71)<.00112.01 (9.46 to 14.57).071.66 (−0.14 to 3.45)Intercept

Time

—Reference—Reference—iReferenceBaseline

.18−0.58 (−1.43 to
0.27)

<.001−6.48 (−9.04 to −3.92).830.16 (−1.29 to 1.62)Postintervention time point

Condition

—Reference—Reference—ReferenceWaitlist

.92−0.04 (−0.96 to
0.87)

.62−0.90 (−4.40 to 2.61).55−0.47 (−2.01 to
1.07)

Intervention

<.001−2.22 (−3.39 to
−1.06)

.481.28 (−2.23 to 4.78).11−1.62 (−3.62 to
0.38)

Time × condition

Random effects

—0.73 (0.49 to 1.09)—4.89 (3.89 to 6.13)—0.91 (0.47 to 1.74)SD (time and intercept)

—0.99 (−1.00 to 1.00)—−0.79 (−0.89 to −0.61)—N/AjCorrelation (time and inter-
cept)

—1.03 (0.78 to 1.34)—0.000065 (0.000000665 to
0.01)

—1.86 (1.39 to 2.50)SD of residual

aAll models were adjusted for the baseline measure to address the regression-to-mean issue except for model 2, where the baseline measure was excluded
for simplicity and convergence.
bn represents the number of observations in the data with long format to support mixed-effects modeling.
cGAD-7: Generalized Anxiety Disorder–7.
dPHQ-9: Patient Health Questionnaire–9.
ePSQI: Pittsburgh Sleep Quality Index.
fModel fit—P<.001 (Wald chi-square test) and P=.08 (likelihood ratio test [LRT]) to compare the mixed-effects models with random-intercept linear
models.
gModel fit—P<.001 (Wald chi-square test) and P=.007 (LRT) to compare the mixed-effects models with random-intercept linear models.
hModel fit—P<.001 (Wald chi-square test) and P=.001 (LRT) to compare the mixed-effects models with random-intercept linear models.
iNot available.
jN/A: not applicable as the random-intercept model better fit the data than the random-intercept, random-slope model. Given its better fit, random-intercept
model parameters were reported.
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Figure 3. Change in adjusted estimates of secondary outcomes, including the Generalized Anxiety Disorder–7 (GAD-7), Patient Health Questionnaire–9
(PHQ-9), and Pittsburgh Sleep Quality Index (PSQI), from before to after the intervention based on the intention-to-treat analysis.
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Table 6. Mixed-effects linear regression analysis of the effect of the intervention on secondary outcomes for completers only (per-protocol analysis;

N=20)a.

Model 3 (n=40b; PSQIe)Model 2 (n=40b; PHQ-9d)Model 1 (n=40b; GAD-7c)Variable

P valuehβ (95% CI)P valuegβ (95% CI)P valuefβ (95% CI)

Fixed effects

<.00113.00 (10.87 to 15.13)<.00112.22 (9.44 to 15.00)<.00111.78 (8.89 to 14.66)Intercept

Time

—Reference—Reference—iReferenceBaseline

.39−0.67 (−2.19 to 0.86)<.001−6.22 (−8.86 to
−3.59)

.241.33 (−0.90 to 3.57)Postintervention time point

Condition

—Reference—Reference—ReferenceWaitlist

.50−1.00 (−3.88 to 1.88).40−1.60 (−5.35 to 2.15).04−4.14 (−8.03 to
−0.25)

Intervention

.02−2.42 (−4.48 to
−0.37)

.531.14 (−2.41 to 4.70).08−2.70 (−5.71 to 0.32)Time × condition

Random effects

—2.82 (1.95 to 4.07)—3.16 (2.01 to 4.98)—3.69 (2.52 to 5.41)SD (intercept)

—N/A—−0.68 (−0.85 to
−0.37)

—N/AjCorrelation (time, intercept)

—1.65 (1.21 to 2.25)—2.85 (2.09 to 3.89)—2.42 (1.78 to 3.30)SD of residual

aAll models were adjusted for the baseline measure to address the regression-to-mean issue.
bn represents the number of observations in the data with long format to support mixed-effects modeling.
cGAD-7: Generalized Anxiety Disorder–7.
dPHQ-9: Patient Health Questionnaire–9.
ePSQI: Pittsburgh Sleep Quality Index.
fModel fit—P<.001 (Wald chi-square test) and P=.28 (likelihood ratio test [LRT]) to compare the mixed-effects models with random-intercept linear
models.
gModel fit—P<.001 (Wald chi-square test) and P=.004 (LRT) to compare the mixed-effects models with random-intercept linear models.
hModel fit—P<.001 (Wald chi-square test) and P>.99 (LRT) to compare the mixed-effects models with random-intercept linear models.
iNot available.
jN/A: not applicable as the random-intercept model better fit the data than the random-intercept, random-slope model. Given its better fit, random-intercept
model parameters were reported.
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Table 7. Mixed-effects linear regression analysis of the change in primary outcomes over time in the intervention group (intention-to-treat analysis;

N=16)a.

Model 3 (n=48b; PCL-5e)Model 2 (n=48b; NDId)Model 1 (n=48b; ISIc)Variable

P valuehβ (95% CI)P valuegβ (95% CI)P valuefβ (95% CI)

Fixed effects

.001−17.52 (−27.73 to
−7.30)

.0033.37 (1.12 to 5.61).203.23 (−1.66 to 8.12)Intercept

Time

—Reference—Reference—iReferenceBaseline

<.001−15.62 (−21.87 to
−9.37)

.001−2.86 (−4.51 to −1.21).001−3.42 (−5.47 to
−1.38)

Postintervention time point

<.001−22.83 (−29.08 to
−16.58)

<.001−4.20 (−5.85 to −2.55)<.001−8.64 (−10.68 to
−6.60)

3 months after the interven-
tion

Random effects

—11.09 (7.06 to 17.43)—0.32 (0.0000751 to
0.000133)

—1.56 (0.91 to 2.67)SD (time, intercept)

—0.99 (−1.00 to 1.00)—N/Aj—0.99 (−1.00 to 1.00)Correlation (time, intercept)

—4.45 (3.36 to 5.89)—2.38 (1.86 to 3.04)—2.73 (2.11 to 3.55)SD of residual

aAll models were adjusted for the baseline measure to address the regression-to-mean issue.
bn represents the number of observations in the data with long format to support mixed-effects modeling.
cISI: Insomnia Severity Index.
dNDI: Nightmare Disorder Index.
ePCL-5: PTSD Checklist for DSM-5.
fModel fit—P<.001 (Wald chi-square test) and P=.007 (likelihood ratio test [LRT]) to compare the mixed-effects models with random-intercept linear
models.
gModel fit—P<.001 (Wald chi-square test) and P=.16 (LRT) to compare the mixed-effects models with random-intercept linear models.
hModel fit—P<.001 (Wald chi-square test) and P=.02 (LRT) to compare the mixed-effects models with random-intercept linear models.
iNot available.
jN/A: not applicable as the random-intercept model better fit the data than the random-intercept, random-slope model. Given its better fit, random-intercept
model parameters were reported.

Figure 4. Change in Insomnia Severity Index (ISI); Nightmare Disorder Index (NDI); and PTSD Checklist for DSM-5 (PCL-5) scores for the intervention
group from baseline to the postintervention time point and the 3-month follow-up as determined by the intention-to-treat analysis.
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Table 8. Mixed-effects linear regression analysis of the change in primary outcomes over time in the intervention group for completers only (per-protocol

analysis; N=11)a.

Model 3 (n=33b; PCL-5e)Model 2 (n=33b; NDId)Model 1 (n=33b; ISIc)Variable

P valuehβ (95% CI)P valuegβ (95% CI)P valuefβ (95% CI)

Fixed effects

<.00116.05 (7.49 to 24.61).920.24 (−4.19 to 4.66).0026.50 (−1.03 to 11.97)Intercept

Time

—Reference—Reference—iReferenceBaseline

<.001−17.57 (−25.45 to
−9.69)

<.001−3.27 (−4.66 to
−1.89)

.04−3.14 (−6.17 to
−0.12)

Postintervention time point

<.001−23.71 (−31.59 to
−15.83)

<.001−4.86 (−6.24 to
−3.47)

<.001−7.81 (−10.84 to
−4.79)

3 months after the intervention

Random effects

—1.81 (0.01 to 260.12)—1.03 (0.24 to 4.48)—1.64 (0.49 to 5.44)SD (intercept)

—9.43 (7.02 to 12.67)—1.49 (0.71 to 3.10)—3.62 (2.70 to 4.87)SD of residual

aAll models were adjusted for the baseline measure to address the regression-to-mean issue.
bn represents the number of observations in the data with long format to support mixed-effects modeling.
cISI: Insomnia Severity Index.
dNDI: Nightmare Disorder Index.
ePCL-5: PTSD Checklist for DSM-5.
fModel fit—P<.001 (Wald chi-square test) and P=.18 (likelihood ratio test [LRT]) to compare the mixed-effects models with random-intercept linear
models.
gModel fit—P<.001 (Wald chi-square test) and P=.07 (LRT) to compare the mixed-effects models with random-intercept linear models.
hModel fit—P<.001 (Wald chi-square test) and P=.42 (LRT) to compare the mixed-effects models with random-intercept linear models.
iNot available.
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Table 9. Mixed-effects linear regression analysis of the change in secondary outcomes over time in the intervention group—intention-to-treat analysis

(N=16)a.

Model 3 (n=48b; PSQIe)Model 2 (n=48b; PHQ-9d)Model 1 (n=48b; GAD-7c)Variable

P valuehβ (95% CI)P valuegβ (95% CI)P valuefβ (95% CI)

Fixed effects

.590.92 (−2.45 to
4.29)

.001−8.64 (−12.69 to −4.59).0013.64 (1.58 to 5.70)Intercept

Time

—Reference—Reference—iReferenceBaseline

<.001−2.80 (−3.82 to
−1.78)

<.001−5.20 (−7.88 to −2.53).21−1.46 (−3.73 to 0.82)Postintervention time point

<.001−5.12 (−6.14 to
−4.11)

<.001−7.50 (−10.17 to −4.82)<.001−4.05 (−6.32 to −1.77)3 months after the interven-
tion

Random effects

—0.82 (0.53 to 1.37)—5.46 (4.01 to 7.42)—0.001 (0.0000198 to
0.0173)

SD (time, intercept)

—0.99 (−1.00 to
1.00)

—0.78 (0.54 to 0.90)—N/AjCorrelation (time, inter-
cept)

—1.34 (1.04 to 1.73)—0.001 (0.00000549 to 0.20)—3.28 (2.69 to 4.01)SD of residual

aAll models were adjusted for the baseline measure to address the regression-to-mean issue.
bn represents the number of observations in the data with long format to support mixed-effects modeling.
cGAD-7: Generalized Anxiety Disorder–7.
dPHQ-9: Patient Health Questionnaire–9.
ePSQI: Pittsburgh Sleep Quality Index.
fModel fit—P<.001 (Wald chi-square test) and P=.34 (likelihood ratio test [LRT]) to compare the mixed-effects models with random-intercept linear
models.
gModel fit—P<.001 (Wald chi-square test) and P=.03 (LRT) to compare the mixed-effects models with random-intercept linear models.
hModel fit—P<.001 (Wald chi-square test) and P=.002 (LRT) to compare the mixed-effects models with random-intercept linear models.
iNot available.
jN/A: not applicable as the random-intercept model better fit the data than the random-intercept, random-slope model. Given its better fit, random-intercept
model parameters were reported.

Figure 5. Change in Generalized Anxiety Disorder–7 (GAD-7), Patient Health Questionnaire–9 (PHQ-9), and Pittsburgh Sleep Quality Index (PSQI)
scores for the intervention group from baseline to the postintervention time point and the 3-month follow-up as determined by the intention-to-treat
analysis.
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Table 10. Mixed-effects linear regression analysis of the change in secondary outcomes over time in the intervention group—per-protocol analysis

(N=11)a.

Model 3 (n=33b; PSQIe)Model 2 (n=33b; PHQ-9d)Model 1 (n=33b; GAD-7c)Variable

P valuehβ (95% CI)P valuegβ (95% CI)P valuefβ (95% CI)

Fixed effects

.670.85 (−3.05 to 4.76)<.00110.63 (8.28 to 12.98).032.85 (0.31 to 5.39)Intercept

Time

—Reference—Reference—iReferenceBaseline

<.001−3.09 (−4.50 to −1.68)<.001−5.08 (−7.80 to
−2.36)

.29−1.36 (−3.86 to 1.14)Postintervention time point

<.001−4.62 (−6.03 to −3.21)<.001−6.98 (−9.71 to
−4.26)

.002−3.88 (−6.38 to
−1.38)

3 months after the interven-
tion

Random effects

—1.12 (0.52 to 2.41)—2.28 (1.100 to 4.73)—0.90 (0.10 to 8.32)SD (intercept)

—1.69 (1.26 to 2.27)—3.26 (2.42 to 4.38)—2.99 (2.23 to 4.02)SD of residual

aAll models were adjusted for the baseline measure to address the regression-to-mean issue.
bn represents the number of observations in the data with long format to support mixed-effects modeling.
cGAD-7: Generalized Anxiety Disorder–7.
dPHQ-9: Patient Health Questionnaire–9.
ePSQI: Pittsburgh Sleep Quality Index.
fModel fit—P<.001 (Wald chi-square test) and P=.32 (likelihood ratio test [LRT]) to compare the mixed-effects models with random-intercept linear
models.
gModel fit—P<.001 (Wald chi-square test) and P=.56 (LRT) to compare the mixed-effects models with random-intercept linear models.
hModel fit—P<.001 (Wald chi-square test) and P=.05 (LRT) to compare the mixed-effects models with random-intercept linear models.
iNot available.
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Table 11. Mixed-effects linear regression analysis of the change in primary outcomes over time in the waitlist group receiving the

intervention—intention-to-treat analysis (N=14)a.

Model 3 (n=42b; PCL-5e)Model 2 (n=42b; NDId)Model 1 (n=42b; ISIc)Variable

P valuehβ (95% CI)P valuegβ (95% CI)P valuefβ (95% CI)

Fixed effects

.00213.93 (4.95 to 22.92)<.0015.42 (2.74 to 8.10)<.00110.79 (5.89 to 15.70)Intercept

Time

—Reference—Reference—iReferenceBaseline

<.001−19.37 (−26.62 to
−12.13)

<.001−5.78 (−8.02 to
−3.53)

<.001−6.36 (−9.16 to
−3.57)

Postintervention time point

<.001−27.96 (−35.20 to
−20.71)

<.001−7.74 (−9.98 to
−5.49)

<.001−8.21 (−11.01 to
−5.41)

3 months after the intervention

Random effects

—1.73 (0.01 to 302.24)—0.0000618 (−0.14 to
0.14)

—0.000098 (−0.21 to
0.21)

SD (intercept)

—9.78 (7.53 to 12.71)—3.03 (2.44 to 3.75)—3.78 (3.05 to 4.68)SD of residual

aAs the random-intercept model better fit the data than the random-intercept, random-slope model, random-intercept model parameters were reported.
All models were adjusted for the pretreatment measure to address the regression-to-mean issue.
bn represents the number of observations in the data with long format to support mixed-effects modeling.
cISI: Insomnia Severity Index.
dNDI: Nightmare Disorder Index.
ePCL-5: PTSD Checklist for DSM-5.
fModel fit—P<.001 (Wald chi-square test) and P=.45 (likelihood ratio test [LRT]) to compare the mixed-effects models with random-intercept linear
models.
gModel fit—P<.001 (Wald chi-square test) and P=.59 (LRT) to compare the mixed-effects models with random-intercept linear models.
hModel fit—P<.001 (Wald chi-square test) and P=.14 (LRT) to compare the mixed-effects models with random-intercept linear models.
iNot available.

Figure 6. Change in Insomnia Severity Index (ISI); Nightmare Disorder Index (NDI); and PTSD Checklist for DSM-5 (PCL-5) scores for the waitlist
group from before to after the intervention and the 3-month follow-up as determined by the intention-to-treat analysis.
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Table 12. Mixed-effects linear regression analysis of the change in primary outcomes over time in the waitlist group receiving the

intervention—per-protocol analysis (N=9)a.

Model 3 (n=27b; PCL-5e)Model 2 (n=27b; NDId)Model 1 (n=27b; ISIc)Variable

P valuehβ (95% CI)P valuegβ (95% CI)P valuefβ (95% CI)

Fixed effects

.0812.85 (−1.41 to 27.11).0065.06 (1.47 to 8.66)<.00111.65 (5.59 to 17.71)Intercept

Time

—Reference—Reference—iReferenceBaseline

<.001−20.89 (−30.98 to
−10.79)

.001−5.44 (−8.59 to
−2.30)

.001−6.56 (−10.49 to
−2.63)

Postintervention time point

<.001−28.44 (−38.54 to
−18.35)

<.001−7.11 (−10.26 to
−3.96)

<.001−7.00 (−10.93 to
−3.07)

3 months after the interven-
tion

Random effects

—3.31 (0.29 to 38.15)—0.01 (N/Aj)—0.01 (0.01 to 0.6)SD (intercept)

—10.93 (7.89 to 15.15)—3.41 (2.61 to 4.45)—4.25 (3.26 to 5.55)SD of residual

aAll models were adjusted for the baseline measure to address the regression-to-mean issue.
bn represents the number of observations in the data with long format to support mixed-effects modeling.
cISI: Insomnia Severity Index.
dNDI: Nightmare Disorder Index.
ePCL-5: PTSD Checklist for DSM-5.
fModel fit—P<.001 (Wald chi-square test) and P>.99 (likelihood ratio test [LRT]) to compare the mixed-effects models with random-intercept linear
models.
gModel fit—P<.001 (Wald chi-square test) and P>.99 (LRT) to compare the mixed-effects models with random-intercept linear models.
hModel fit—P<.001 (Wald chi-square test) and P=.34 (LRT) to compare the mixed-effects models with random-intercept linear models.
iNot available.
jN/A: not applicable.
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Table 13. Mixed-effects linear regression analysis of the change in secondary outcomes over time in the waitlist group receiving the

intervention—intention-to-treat analysis (N=14)a.

Model 3 (n=42b; PSQIe)Model 2 (n=42b; PHQ-9d)Model 1 (n=42b; GAD-7c)Variable

P valuehβ (95% CI)P valuegβ (95% CI)P valuefβ (95% CI)

Fixed effects

.103.31 (–0.62 to 7.25).610.36 (−1.00 to 1.72).660.78 (−2.68 to 4.24)Intercept

Time

—Reference—Reference—iReferenceBaseline

<.001−5.07 (−6.42 to
−3.71)

.56−0.42 (−1.84 to 1.00)<.001−4.72 (−6.24 to
−3.19)

Postintervention time point

<.001−5.00 (−6.35 to
−3.65)

.58−0.40 (−1.82 to 1.02)<.001−6.51 (−8.03 to
−4.99)

3 months after the interven-
tion

Random effects

—0.92 (0.48 to 1.77)—0.06 (2.72 × 10–64 to 1.3

× 1061)

—1.47 (0.87 to 2.48)SD (time, intercept)

—0.99 (−1.00 to 1.00)—N/Aj—0.99 (−1.00 to 1.00)Correlation (time, intercept)

—1.71 (1.28 to 2.78)—1.91 (1.48 to 2.48)—1.78 (1.33 to 2.37)SD of residual

aAll models were adjusted for the baseline measure to address the regression-to-mean issue.
bn represents the number of observations in the data with long format to support mixed-effects modeling.
cGAD-7: Generalized Anxiety Disorder–7.
dPHQ-9: Patient Health Questionnaire–9.
ePSQI: Pittsburgh Sleep Quality Index.
fModel fit—P<.001 (Wald chi-square test) and P<.001 (likelihood ratio test [LRT]) to compare the mixed-effects models with random-intercept linear
models.
gModel fit—P<.001 (Wald chi-square test) and P=.17 (LRT) to compare the mixed-effects models with random-intercept linear models.
hModel fit—P<.001 (Wald chi-square test) and P=.02 (LRT) to compare the mixed-effects models with random-intercept linear models.
iNot available.
jN/A: not applicable as the random-intercept model better fit the data than the random-intercept, random-slope model. Given its better fit, random-intercept
model parameters were reported.

Figure 7. Change in Generalized Anxiety Disorder–7 (GAD-7), Patient Health Questionnaire–9 (PHQ-9), and Pittsburgh Sleep Quality Index (PSQI)
scores for the waitlist group from before to after the intervention and the 3-month follow-up as determined by the intention-to-treat analysis.
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Table 14. Mixed-effects linear regression analysis of the change in secondary outcomes over time in the waitlist group receiving the

intervention—per-protocol analysis (N=9)a.

Model 3 (n=27b; PSQIe)Model 2 (n=27b; PHQ-9d)Model 1 (n=27b; GAD-7c)Variable

P valuehβ (95% CI)P valuegβ (95% CI)P valuefβ (95% CI)

Fixed effects

.0085.89 (1.55 to 10.22).680.43 (−1.61 to 2.48).223.85 (−8.29 to
−3.04)

Intercept

Time

—Reference—Reference—iReferenceBaseline

<.001−4.78 (−7.05 to
−2.50)

.61−0.56 (−2.69 to 1.58)<.001−5.67 (−8.29 to
−3.04)

Postintervention time point

<.001−4.78 (−7.05 to
−2.50)

.92−0.11 (−2.25 to 2.03)<.001−7.78 (−10.40 to
−5.15)

3 months after the intervention

Random effects

—1.00 (0.21 to 4.67)—0.29 (0.0000012 to
69,857.52)

—1.98 (0.88 to 4.46)SD (intercept)

—2.46 (1.78 to 3.41)—2.31 (1.67 to 3.21)—2.84 (2.05 to 3.94)SD of residual

aAll models were adjusted for the baseline measure to address the regression-to-mean issue.
bn represents the number of observations in the data with long format to support mixed-effects modeling.
cGAD-7: Generalized Anxiety Disorder–7.
dPHQ-9: Patient Health Questionnaire–9.
ePSQI: Pittsburgh Sleep Quality Index.
fModel fit—P<.001 (Wald chi-square test) and P=.05 (likelihood ratio test [LRT]) to compare the mixed-effects models with random-intercept linear
models.
gModel fit—P<.001 (Wald chi-square test) and P=.47 (LRT) to compare the mixed-effects models with random-intercept linear models.
hModel fit—P<.001 (Wald chi-square test) and P=.24 (LRT) to compare the mixed-effects models with random-intercept linear models.
iNot available.

Clinical Significance
Table 15 presents the number of participants achieving clinical
significance from baseline to 3-month follow-up, based on
intention-to-treat (ITT) analysis. The results show that a higher
percentage of waitlist group participants achieved clinically
significant changes in nightmare symptoms (mean change 7.74,
SD 5.12) and PTSD symptoms (mean difference 27.96, SD
16.56) compared to the treatment group (mean change 4.20, SD
4.21 for nightmare symptoms and mean change: 22.83, SD
17.09 for PTSD symptoms). In contrast, a higher percentage of
treatment group participants achieved clinically significant
changes in insomnia symptoms (mean difference 8.65, SD 5.28)
compared to the waitlist group (mean change 8.21, SD 6.96).

Two participants were missing 3-month follow-up data on the
ISI, NDI, and PCL-5.

The per-protocol (PP) analysis (Table 16) yielded similar results
to the ITT analysis. Specifically, a higher percentage of waitlist
group participants achieved clinically significant changes in
nightmare symptoms (mean change 7.11, SD 5.71) and PTSD
symptoms (mean change 28.44, SD 18.58) compared to the
treatment group (mean change 4.67, SD 3.04 for nightmare
symptoms and mean change: 24.84, SD 18.62 for PTSD
symptoms). Conversely, a higher percentage of treatment group
participants achieved clinically significant changes in insomnia
symptoms (mean change 7.33, SD 5.87) compared to the waitlist
group (mean change 7.00, SD 8.34). However, the differences
between the two groups were not statistically significant.

Table 15. Distribution of clinically significant responders by condition—intention-to-treat analysis (N=30).

P valueTreatment (n=16), n (%)Waitlist (n=14), n (%)Outcome

.7710 (62)8 (57)ISIa

.0510 (62)13 (93)NDIb

.209 (56)11 (79)PCL-5c

aISI: Insomnia Severity Index.
bNDI: Nightmare Disorder Index.
cPCL-5: PTSD Checklist for DSM-5.
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Table 16. Distribution of clinically significant responders by condition—per-protocol analysis (N=18) (N=20).

P valueTreatment (n=9), n (%)Waitlist (n=9), n (%)Outcome

.645 (56)4 (44)ISIa

.115 (56)8 (89)NDIb

.154 (44)7 (78)PCL-5c

aISI: Insomnia Severity Index.
bNDI: Nightmare Disorder Index.
cPCL-5: PTSD Checklist for DSM-5.

Satisfaction and Engagement With Treatment
Participants were asked to rate how likely they were to revisit
the treatment modules on a 5-point, single-item Likert scale. A
frequency analysis showed that most participants responded
with strongly agree (9/20, 45%) and moderately agree (7/20,
35%). In total, 10% (2/20) of the participants responded with
moderately disagree, and 10% (2/20) of the participants did not
respond to this question. The number of log-ins to the site was
observed as an indicator of the level of engagement by
participants with the modules, and it was found that the 20
participants who were included in the PP analysis had an average
of 8.5 log-ins during their engagement with Sleep Best-i. A total
of 5% (2/20) logged in 12 times to the site; 5% (3/20) logged
in 5 times; 5% (2/20) logged in 7 times; 10% (3/20) logged in
6 times; 15% (4/20) logged in 11 times; and 20% (6/20) logged
in 8, 9, and 10 times. On average, participants spent 116 minutes
on the site visiting modules and completing assessments.

Discussion

Principal Findings
The aim of this clinical pilot trial was to assess the feasibility
of a brief (6 modules over 4 weeks), self-paced, digital
intervention for the treatment of insomnia, nightmares, and
PTSD symptoms in an international sample of survivors of
wildfires. The first hypothesis was partially supported. The PP
analysis revealed a significant interaction effect of condition ×
time on both the NDI and the PCL-5, indicating that Sleep Best-i
effectively reduced symptoms of nightmares and PTSD from
before to after the intervention in the treatment group compared
to the waitlist group. However, no significant changes were
observed in insomnia symptoms. The ITT analysis yielded
similar findings, with a significant main effect of time showing
a reduction in nightmare and PTSD symptoms at the
posttreatment time point for the intervention group but no
significant changes in insomnia symptoms. In examining the 2
groups separately, Sleep Best-i significantly reduced symptoms
of insomnia, nightmares, and PTSD from baseline to the
postintervention time point, and this improvement in symptoms
was maintained at the 3-month assessment for the 2 groups
across both the PP and ITT analyses. This study’s findings
diverge from those of previous research using CBTi to treat
insomnia in survivors of wildfires [27,28] and veterans [25,26].
This discrepancy may be attributed to the brief duration of
insomnia treatment in our study, which spanned only the first
2 weeks, unlike in other clinical trials that used CBTi in ≥6
sessions. Research suggests that an average of 6 to 8 sessions

is typically required to significantly reduce insomnia symptoms
[13,64]. The shorter session duration used in this study may
have contributed to the differing outcomes. Nevertheless, the
maintenance of improvements at the 3-month follow-up is a
promising indicator of the intervention’s long-term effectiveness.

These findings further substantiate the efficacy of ERRT in
reducing the severity and frequency of nightmares, aligning
with those of previous studies [36,65-67]. These results are also
consistent with those of other clinical trials demonstrating that
CBTi and ERRT can lead to significant reductions in PTSD
symptoms at the posttreatment time point [36,68]. Notably, it
is possible that symptoms of trauma and nightmares are more
malleable and responsive to treatment, whereas insomnia
symptoms may be more entrenched and less amenable to change
with brief interventions, suggesting a potential explanation for
the observed differences in treatment outcomes.

In relation to the second hypothesis, the PP analysis revealed
that Sleep Best-i not only alleviated symptoms of nightmares
and trauma but also significantly reduced anxiety symptoms
(main effect of condition) in the treatment group compared to
the waitlist group at the postintervention time point. In addition,
the treatment group experienced a significant reduction in
depressive symptoms at the posttreatment time point (main
effect of time) and a significant interaction effect of time ×
condition on sleep quality, indicating more pronounced
improvements in sleep quality at the postintervention time point
compared to the waitlist group. The ITT analysis yielded similar
findings, with significant reductions in depressive symptoms
at the postintervention time point and a significant interaction
effect of time × condition on sleep quality. However, the
reduction in anxiety symptoms was no longer significant in the
ITT analysis. This is notable as research suggests a strong
relationship between insomnia and anxiety symptoms, with the
expectation that successful insomnia treatment would lead to a
reduction in anxiety symptoms [69].

When analyzing the 2 groups separately, both the PP and ITT
analyses yielded similar results, with few exceptions. Notably,
both groups showed significant reductions in anxiety symptoms
at the 3-month follow-up, although this improvement was only
sustained for the waitlist group at the postintervention
assessment. In terms of sleep quality, both groups showed
significant improvements at both the postintervention and
3-month follow-up assessments. However, only the intervention
group exhibited significant reductions in depressive symptoms
at both the postintervention and 3-month follow-up assessments.
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This study’s findings align with those of existing research
demonstrating the effectiveness of CBTi-based treatments for
comorbid conditions [13,70]. While part of this study’s findings
corroborates those of previous studies showing a significant
reduction in symptoms of depression following CBT treatment
for insomnia [27,28], the lack of improvement in symptoms of
depression in the waitlist group is not well understood. One
possible explanation is that the insignificant improvements in
insomnia symptoms may have contributed to the absence of
change in depression levels [69]. In addition, external life
difficulties may have influenced symptoms of depression during
the study period. Notably, the 2 groups had distinct intervention
experiences, which may have impacted the outcomes.
Specifically, the 3-month follow-up assessment for the waitlist
group occurred 4 weeks after the treatment group’s follow-up,
potentially introducing passage-of-time effects that may have
influenced the results. This study’s findings are also in line with
those of other studies that found improved sleep quality on the
PSQI following the administration of CBTi [71].

In terms of clinical significance, a substantial proportion of
participants achieved MCSC (according to the PP analysis) in
insomnia (9/18, 50%), nightmares (13/18, 72%), and PTSD
symptoms (11/18, 61%). Notably, the MCSC rates for insomnia
and PTSD in this study were slightly higher than those reported
in previous clinical trials using CBTi and imagery rehearsal
therapy. For example, Ulmer et al [26] found that 55.4% and
50% of their sample (N=22) achieved clinical significance in
insomnia and PTSD, respectively. In contrast, the MCSC rates
in this study were lower than those reported by Belleville et al
[27], who found that 64.7% and 70.6% of participants achieved
MCSC for insomnia and PTSD at the posttreatment time point,
respectively, and 64.7% and 58.8% achieved MCSC for
insomnia and PTSD at the 3-month follow-up, respectively.
The discrepancy in MCSC rates between our study and others
may be attributed to the shorter treatment duration of Sleep
Best-i (4 weeks) than those of the other trials (6-12 weeks)
[26,27].

A significant proportion of participants expressed a high level
of satisfaction with the intervention, with approximately 80%
(18/20) of users reporting a positive experience. Furthermore,
the level of engagement by participants with the modules was
measured using the number of log-ins into the site. The 20
participants included in the PP analysis had an average of 8.5
log-in times during their engagement with Sleep Best-i. The
log-in frequency was varied, with 5% (2/20) of the participants
logging in 12 times; 5% (3/20) logging in 5 times; 5% (2/20)
logging in 7 times; 10% (3/20) logging in 6 times; 15% (4/20)
logging in 11 times; and 20% (6/20) logging in 8, 9, or 10 times.
On average, participants spent 116 minutes on the site visiting
modules and completing assessments.

Limitations
This clinical pilot trial has limitations that warrant consideration.
The sample consisted of self-selected individuals, and the
absence of clinical assessments to confirm diagnoses of
insomnia, nightmares, and PTSD introduces a potential source
of bias. The small sample size is another impediment,

underscoring the need for further testing with a larger and more
diverse population to establish the external validity of the
intervention. One major concern in relation to Sleep Best-i is
the PTSD module and its potential for triggering trauma
symptoms. Although this risk was anticipated, participants were
provided with emergency numbers. Moreover, throughout the
initial 2-week treatment period, participants received training
in cognitive and behavioral strategies to effectively manage
stress. It is important to note that our study was conducted as
an open-label trial. Future research should prioritize addressing
the identified gaps and limitations, thereby enhancing the
validity and generalizability of the findings in this field.

Future Directions
This feasibility trial provides valuable insights into the
effectiveness of the Sleep Best-i intervention, a CBT-based
program for survivors of wildfires. While our findings are
promising, we recognize that future research could further
enhance our understanding of its efficacy and effectiveness.
One potential direction for future research could involve
stratifying the assessment of outcomes based on the type of
survivor by dividing the population into subgroups based on
specific characteristics, such as demographic characteristics
such as age, sex, and income; life experiences, including
previous trauma and social support; experiences with wildfires,
such as severity of exposure and proximity to the fire; losses
experienced as a result of wildfires, including property damage
and loss of loved ones; social support from family, friends, and
community resources; and institutional support provided during
the recovery phase, including access to mental health services
and financial assistance. By doing so, researchers can identify
patterns and trends within each subgroup, compare outcomes
between subgroups, and develop targeted interventions that
address the unique needs of each subgroup. In addition,
ecological assessments over longer time frames could provide
a more comprehensive understanding of the intervention’s
impact in real-world settings. We propose that future studies
consider these approaches to build on our findings and inform
the development of more targeted and effective interventions
for survivors of wildfires.

Conclusions
Taken together, these findings indicate that Sleep Best-i
incorporating CBTi and ERRT improved nightmares, PTSD,
sleep quality, and symptoms of depression from baseline to the
posttreatment time point. This positive impact was sustained at
the 3-month follow-up for the 2 groups, with some variations
on anxiety and depression. Participants in the intervention group,
when assessed separately, experienced improvements on all
measures from before to after treatment and at the 3-month
follow-up, with the exception of anxiety symptoms at the
posttreatment time point. The waitlist group experienced a
significant reduction in symptoms on all measures from before
treatment to after treatment and at the 3-month follow-up except
for symptoms of depression. This clinical trial is the first in the
field of sleep disturbances to use a concise, digital, self-paced
intervention over 4 weeks among survivors of wildfires.
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MCSC: minimal clinically significant change
NDI: Nightmare Disorder Index
PCL-5: PTSD Checklist for DSM-5
PHQ-9: Patient Health Questionnaire–9
PLIS: plain-language information statement
PP: per protocol
PSQI: Pittsburgh Sleep Quality Index
PTSD: posttraumatic stress disorder
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Tang et al’s recent study published in JMIR Human Factors
[1], titled “The Use of Mobile Health Care Among Medical
Professionals in the Sichuan-Chongqing Region: Cross-Sectional
Survey Study,” captured my attention. Their analysis of mobile
health (mHealth) device use and influencing factors, using
chi-square and multivariable logistic regression analyses,
revealed a significant association between age and mHealth use.
This study provides valuable insights from China’s western
region.

However, I would like to offer a few comments and suggestions
that I believe would further enhance the study’s methodology
and findings.

First, the study’s reliance on a web-based questionnaire may
introduce potential selection bias, as respondents, by nature of
accessing web-based surveys, may be more likely to use digital
devices and have a stronger interest in digital health in general.
A more diverse, mixed-methods approach to questionnaire
distribution could help mitigate this potential self-selection
toward mHealth use and prevent the exclusion of individuals
with limited experience or interest in mHealth.

Second, the study could benefit from a standardized and rigorous
methodological framework for survey design and reporting. For
instance, categorizing age into three broad groups may overlook
essential trends. A finer measurement scale for satisfaction and
usage, such as a Likert scale, could provide deeper insights into
health care professionals’ attitudes. Furthermore, for questions
where “uncertain” responses outweigh “yes” or “no” responses,
a qualitative or mixed-methods research approach could yield
a more nuanced understanding of the underlying reasons.
Finally, incorporating years of work experience as a variable
could add valuable insights, given its potential correlation with
age. Unlike professional titles, years of work experience could

provide a more direct measure of professional tenure, potentially
enriching the data analysis.

Third, ethical considerations of this study merit further attention.
Identifying specific hospitals in the report may compromise
confidentiality. Additionally, the exemption of review by an
institutional review board (IRB) raises concerns, as the study
involves gathering potentially sensitive information from human
participants (ie, health care professionals) regarding personal
perspectives, workflows, and technology use. Such studies often
warrant an ethics board review to protect participant privacy,
minimize psychological or social risks, and ensure adherence
to ethical standards [2].

Fourth, before conducting logistic regression analysis, normality
tests on both independent and dependent variables are
recommended to confirm the validity of the chosen statistical
methods [3]. If data are not normally distributed, adjustments
should be considered.

Lastly, as noted in the “Limitations” section [1], the reliance
on convenience sampling may affect the study’s generalizability.
Only public, district-level hospitals were included, excluding
primary and tertiary institutions—this limits the representation
of China’s complete health care hierarchy in the analysis.
Furthermore, only urban areas were sampled, overlooking rural
populations. Women comprised 77.1% of the study sample,
raising questions about gender representation. A multi-level
sampling approach would likely yield a more comprehensive
and representative dataset.

To conclude, I would like to highlight that these feedback points
are not to challenge the integrity of the authors’ work. Instead,
I hope they can contribute to ongoing discussions on mHealth
research and the development of robust methodologies in this
field.
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Abstract

Background: The internet is a key source of health information, but the quality of content from popular search engines varies,
posing challenges for users—especially those with low health or digital health literacy. To address this, the “tala-med” search
engine was developed in 2020 to provide access to high-quality, evidence-based content. It prioritizes German health websites
based on trustworthiness, recency, user-friendliness, and comprehensibility, offering category-based filters while ensuring privacy
by avoiding data collection and advertisements.

Objective: This study aims to evaluate the acceptance and usability of this independent, noncommercial search engine from
the users’ perspectives and their actual use of the search engine.

Methods: For the questionnaire study, a cross-sectional study design was used. In total, 802 participants were recruited through
a web-based panel and were asked to interact with the new search engine before completing a web-based questionnaire. Descriptive
statistics and multiple regression analyses were used to assess participants’ acceptance and usability ratings, as well as predictors
of acceptance. Furthermore, from October 2020 to June 2021, we used the open-source web analytics platform Matomo to collect
behavior-tracking data from consenting users of the search engine.

Results: The study indicated positive findings on the acceptance and usability of the search engine, with more than half of the
participants willing to reuse (465/802, 58%) and recommend it (507/802, 63.2%). Of the 802 users, 747 (93.1%) valued the
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absence of advertising. Furthermore, 92.3% (518/561), 93.9% (553/589), 94.7% (567/599), and 96.5% (600/622) of those users
who used the filters agreed at least partially that the filter functions were helpful in finding trustworthy, recent, user-friendly, or
comprehensible results. Participants criticized some of the search results regarding the selection of domains and shared ideas for
potential improvements (eg, for a clearer design). Regression analyses showed that the search engine was especially well accepted
among older users, frequent internet users, and those with lower educational levels, indicating an effective targeting of segments
of the population with lower health literacy and digital health literacy. Tracking data analysis revealed 1631 sessions, comprising
3090 searches across 1984 unique terms. Users performed 1.64 (SD 1.31) searches per visit on average. They prioritized the
search terms “corona,” “back pain,” and “cough.” Filter changes were common, especially for recency and trustworthiness,
reflecting the importance that users placed on these criteria.

Conclusions: User questionnaires and behavior tracking showed the platform was well received, particularly by older and less
educated users, especially for its advertisement-free design and filtering system. While feedback highlighted areas for improvement
in design and filter functionality, the search engine’s focus on transparency, evidence-based content, and user privacy shows
promise in addressing health literacy and navigational needs. Future updates and research will further refine its effectiveness and
impact on promoting access to quality health information.

(JMIR Hum Factors 2025;12:e56941)   doi:10.2196/56941
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medical information; health information; search engine; user behavior; health literacy; digital health literacy; navigational needs;
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Introduction

Background
The internet has become a crucial resource for accessing medical
information, making it a valuable tool for individuals seeking
knowledge about health. In Germany, medical professionals,
notably physicians, have long been the primary source of health
care information for the general population [1,2]. However, the
landscape is evolving, and the internet now stands as the second
most significant channel for health-related information [1],
indicating a new trend in how people seek medical knowledge.
A study conducted by the Bertelsmann Foundation showed a
strong and increasing demand for health-related information
online, including a rapidly increasing demand by older
generations [3]. In 2020, approximately 70% of the German
population used the internet to actively engage in searching for
health-related content [4]. While these numbers have varied in
recent years, there is an overall trend of an increased use of the
internet [4].

A major complaint that users have about health-related
information online is the lack of clarity regarding the
trustworthiness and seriousness of existing websites. The
information online has varying levels of quality [5,6]. Frequently
used and popular websites are regarded as reliable by users,
irrespective of the actual quality of their content, while
independent public websites are not as well known and do not
seem to be more reliable to users [3]. The reliance on digital
platforms for health information also poses a challenge due to
the profound influence of the order of the results generated by
popular search engines. Users often initiate their search for
medical information through well-known search engines,
predominantly relying on the first few search results displayed
on the search engine results page (SERP), which are often
advertising [7-10]. Unfortunately, these top hits are not only
clicked on more frequently but are also perceived as more
trustworthy, despite the variation in information quality [3,9].
This highlights the ambiguity of users feeling incompetent in

finding reliable information online, while at the same time
trusting the top results and being satisfied with the information
they find. A more recent study evaluated the quality of online
health and nutrition information related to cancer supplements
through a Google search, using the Health Information Quality
Index [11]. The 160 relevant search results yielded median and
mean Health Information Quality Index scores of 8, with
one-quarter of the results scoring high (10-12). No correlation
was found between high quality scores and an early appearance
of these results, indicating potential limitations in using Google
for obtaining accurate information on dietary supplements and
cancer, particularly given the prevalence of advertisements
outnumbering search results [11].

The problem with the reliance on search engines becomes even
clearer when considering the low health literacy and digital
health literacy of the German population [12-14]. The first
Health Literacy Survey Germany study in 2014 [13] underscored
a significant health literacy challenge in Germany, with 54.3%
of the population reporting health literacy problems. This result
pointed to challenges in navigating the health care system and
understanding health-related information, with identified
associations with factors such as age, migrant background,
self-assessed social status, and functional literacy. The second
Health Literacy Survey Germany study in 2020 [14] reinforced
previous concerns with a further increased rate of individuals
(58.8%) struggling considerably with health information. Even
more so than in 2014, evaluating the trustworthiness of
health-related information presented difficulties [15]. Up to
45% of the German population exhibit “problematic” or even
“inadequate” internet skills [16]. Many individuals face so-called
navigational needs. They depend on support from others to
efficiently search and evaluate health information online [17].
As the amount of digital health information grows each year,
the challenge of effectively navigating through this vast array
of content becomes increasingly daunting, raising concerns
about misinformation and health-related misconceptions.
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During the work on the comprehensive GAP (Gut informierte
Kommunikation zwischen Arzt und Patient, meaning
“Well-informed communication between physician and patient”
in English) project, which addressed evidence-based information
[18-26], we studied the needs and requirements of internet users
for health information online [18]. We developed criteria to
assess web domains according to these needs. Assessing the
quality of websites is nothing new. There are existing seals of
approval, such as the afgis (Aktionsforum
Gesundheitsinformationssystem eV, meaning “Action Forum
Health Information System eV” in English) and Health On the
Net Foundation Code of Conduct seals, which check whether
the website operator meets certain transparency and quality
standards. An afgis certificate is valid for 1 year. However, with
Health On the Net Foundation Code of Conduct, there were
several issues [27], and on December 15, 2022, the Health On
the Net Foundation discontinued its services. Different seals
potentially signify different standards of certification. Another
issue with these seals is that the pages that have a seal cannot
easily be found via a central search. To address these issues by
centrally and consistently rating domains inside a search
platform, we developed a search engine in 2020. This search
engine was originally called “GAP search” and later renamed
as “tala-med Suche” in German and “tala-med search” in
English.

The topic of data retrieval in medicine is generally relevant and
widely researched. Efforts ranging from decentralized search
systems for patient data in registries [28] to tools such as
Informatics for Integrating Biology and the Bedside (i2b2) [29]
that allow the creation of cohorts, for which data security plays
an important role [30], have been investigated. In addition, for
public data, such as the Medical Subject Headings (MeSH),
search capabilities play an important role [31], including the
requirement for an intuitive user interface design [32]. In terms
of scraping web content, which could be used to create a search
platform, the Sampled German Health Web [33,34] created an
index of German-language health-related web pages using a
special focused crawler. The Sampled German Health Web
index was restricted to pages from the top-level domains .de,
.at, and .ch, and the domains were automatically filtered for
health-related content while crawling using a support vector
machine. By contrast, the new tala-med search engine, which
was used in this study, relied on hand-picked, high-quality,
German-language health websites. These domains—more than
50 of them—underwent a rigorous evaluation process. This
evaluation was based on the categories trustworthiness (with
the subcategories authority, independence, and evidence based),
recency, user-friendliness, and comprehensibility. The ratings
of these categories influence the order of the results on the
SERP. The search engine also values user privacy by avoiding
data collection and advertising. The detailed design of the search
engine is described in the Methods section and in Multimedia
Appendices 1-3.

By assessing the acceptance and usability of this new
technology, we aimed to improve the implementation of the
search tool. Numerous studies in the field emphasize the
significance of outcome measures as crucial indicators of a
technology’s effectiveness, user-friendliness, and potential for

widespread adoption. User acceptance, often determined by
perceived usefulness, ease of use, and individual attitudes, is
critical for a technology’s long-term viability [35,36]. Moreover,
the usability of a technology, including learnability, efficiency,
and user satisfaction, significantly affects user experience and
reduces possible adoption barriers [37]. Evaluating these
dimensions can provide insight into how well technology meets
users’ expectations, addresses their needs, and contributes to
successful implementation. In the context of health care
technology, this scrutiny is particularly relevant because
effective tools for accessing medical information can
significantly impact health care outcomes [17,38].

In this study, the acceptance and usability of our newly
developed search engine was evaluated by means of a
questionnaire study and actual use by tracking user behavior
during the first months of operation.

Related Works
The usability and accessibility of digital platforms are essential
for ensuring that all users, including those with disabilities, can
effectively engage with websites and mobile apps. Mateus et
al [39] conducted a systematic mapping of accessibility issues,
revealing that automated tests covered <40% of accessibility
problems on websites and even fewer on mobile apps. The study
stressed the importance of including users with disabilities in
evaluations because user testing uncovered many issues missed
by automated tools and expert inspections. This underscores
the need for a comprehensive evaluation approach that combines
expert and real-world user input to improve accessibility.

Petrie and Bevan [40] expanded on this by exploring the
interplay between usability, accessibility, and user experience.
The authors defined usability in terms of effectiveness,
efficiency, and satisfaction, focusing on aspects such as
learnability, flexibility, and safety. Importantly, they emphasized
that accessibility is an integral component of usability and that
digital systems should cater to the widest possible range of
users, including those with disabilities. They also introduced
the concept of user experience, which goes beyond usability to
include users’ emotional responses and satisfaction with a
system. This holistic approach is essential for creating digital
platforms that are both functional and engaging for all users.

Belinda et al [41] provided a deeper look into the internal and
external usability factors that affect website performance. The
authors used automated tools such as GTmetrix and Website
Grader to measure internal attributes such as performance, load
time, and page size, while external attributes such as ease of
navigation and user satisfaction were assessed through surveys.
Their findings revealed that some websites performed well from
a user perspective but were found lacking in technical
performance, particularly in terms of load times and page
requests. This highlights the need to address both internal and
external usability factors to create well-rounded digital
platforms.

Kritz et al [42] explored the online resources and tools used by
European physicians to gather medical information. The authors
found that physicians frequently relied on general search engines
and faced significant barriers in accessing high-quality,
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trustworthy medical content. Medical specialists were more
likely to use medical research databases, while general
practitioners often faced barriers such as lack of time and
language restrictions. The study highlighted the need for
improved medical search tools tailored to the specific needs of
different physician subgroups. Kritz et al [42] concluded that
user-centered medical search tools could significantly improve
accessibility and the quality of online medical information.

Strecker et al [32] also contributed to the usability of medical
search tools, focusing on the MeSH Browser. The authors
evaluated a newly developed multilingual MeSH Browser,
which introduced improvements in user interface design to
enhance the accessibility and usability of medical literature
searches. The results showed that contemporary web design
principles led to significant improvements in navigation and
overall user satisfaction, further underscoring the importance
of continual evaluation and enhancement of information systems
in the medical realm.

Eysenbach and Köhler [43] studied how consumers search for
and appraise health information on the internet. The qualitative
study revealed that users, despite using suboptimal search
techniques, were able to retrieve health information quickly.
However, users rarely checked critical indicators of credibility,
such as the “About us” sections or disclaimers, relying instead
on superficial factors such as professional design and ease of
use. This reliance on superficial credibility indicators poses
risks, particularly in the health care field, where the accuracy
of information is paramount. Eysenbach and Köhler [43]
suggested that further research is needed to develop educational
and technological tools that guide users toward high-quality
health information.

Zhang [44] expanded the understanding of how consumers select
sources for health information by identifying 5 categories of
factors that influence source selection: source-related factors,
user-related factors, user-source relationships, characteristics
of the problematic situation, and social influences. The study
also identified a range of criteria that mediate the influence of
these factors on source-selection decisions, including
accessibility, quality, usability, interactivity, relevance,
usefulness, and familiarity. Zhang [44] concluded that a
personalized approach to health information systems is necessary
to provide effective access to health information because
different consumers prioritize different factors when selecting
sources. This insight strongly indicates the need for more
personalized information services that cater to individual user
preferences and needs.

In conclusion, the literature emphasizes the critical role of
accessibility, usability, and user experience in the design of
digital platforms, especially health care websites. While Saad
et al [45] have highlighted general usability problems in health
care websites, the studies by Kritz et al [42], Eysenbach and
Köhler [43], and Zhang [44] focus on the challenges that users
face in retrieving and assessing the credibility of health
information online. A personalized and user-centered approach
to the design of health care information systems would improve
the accessibility and quality of health information, meeting the

diverse needs of consumers and health care professionals alike
[40,44].

Methods

Search Engine Development

Requirements
The functional requirements for the tala-med search engine
included the ability to crawl and index health information
websites, implement quality assessment filters, and provide
search term suggestions and synonym handling. The
nonfunctional requirements focused on maintaining user privacy
through self-hosting, ensuring a user-friendly interface, and
optimizing performance to handle large sets of synonym
mappings efficiently.

Implementation

Design

To implement tala-med search, we used software with a
self-hosting capability because of privacy considerations.
Furthermore, modern technology with single-page application
design using a web application programming interface was
required to compete with modern search engines. Therefore,
the selection available was limited. As no single product met
all our requirements, we built a search engine stack ourselves,
consisting of crawler, middleware, and front end, using existing
components and established technologies.

Back End

We created the web index using the open-source crawler
software Fess [46]. For boilerplate removal, we used Mozilla’s
Readability tool to strip HTML tags and display core content,
cleaning up crawled websites for our search index [47]. As
middleware, we used Elastic App Search [48] (now part of
Elastic Enterprise Search [49]), which relies on Elasticsearch.
This software allows for setting up weighting mechanisms for
the search equation (Multimedia Appendix 1) and configuring
filters. In our case, a set of criteria for quality assessment were
developed, which we integrated as filters. These quality
assessment criteria were adapted from a systematic review by
Eysenbach et al [6] that identified criteria used from 1969 to
2001 for evaluating the quality of health information online.
We identified 74 criteria [18] to assess the content quality of
different health-related websites and rigorously evaluated >50
German-language health information providers (Multimedia
Appendix 2) using these criteria, assessing 1 main page and 5
randomly selected subpages per provider. To compile the list
of relevant providers, we started with a list from a Bertelsmann
study [3] and adapted it with the help of domain experts. The
74 quality criteria were later condensed into 4 categories:
trustworthiness, recency, user-friendliness, and
comprehensibility. The scores of these categories were added
to the search index after boilerplate removal and divided into
4 value ranges reflecting the quality of each category, using 4
quantiles for differentiation. These scores served as quality
indicators and filter categories, influencing the order of the
results on the SERP. More details about the internal mechanisms
of the search ranking can be found in Multimedia Appendix 1.
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App Search supports the consideration of synonyms, which is
crucial in medical language due to varied etymology and
numerous abbreviations. Our goal was to enable the search
engine to handle synonyms effectively. In App Search, sets of
up to 32 synonyms can be created, allowing synonyms of a
matched word to be considered in searches. We generated
synonym sets by collecting word types and pairs from the
document text, filtering against a German stop word list,
resulting in approximately 6 million unique entries. These entries
were matched against an experimental German interface
terminology—SCT-GIT—linked to Systematized Nomenclature
of Medicine–Clinical Terms (SNOMED-CT) [50], yielding
approximately 40,000 mappings to SNOMED-CT codes.
Synonym links in SCT-GIT were then used to add synonyms
for each matching string, finding at least 1 synonym for

approximately 30,000 SCT-GIT terms. We limited the number
of synonym sets to 500 to maintain performance, using only
sets with at least 4 synonyms, resulting in a median set size of
4.

Front End

The front end was custom developed with a slim design inspired
by Strecker et al [32], featuring search term suggestions and a
user-friendly filter selection (Figure 1). After entering a search
term, the interface displayed a SERP with evaluated
German-language health information providers, showing their
scores in the 4 filter categories through graphical indicators
(Figure 2). Hovering over these graphics revealed explanations,
and the bottom of the page included pagination and a footer
with logos and links to pages displaying the imprint and data
protection information.

Figure 1. Landing page of the search displaying the initial search query field.
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Figure 2. The search engine results page consists of 3 areas. (A) The search query. (B) List of search results. Each search result shows the quality in
the 4 filter categories. (C) Slide controls allow users to set a threshold for each filter category (aktuell: recency, nutzerfreundlich: user-friendliness,
vertrauenswürdig: trustworthiness, and verständlich: comprehensibility). In each of these areas, more information can be displayed by means of tooltips,
as shown in the graphic (next to each label).

Pilot Testing

The search engine was pilot-tested between October 2020 and
the end of June 2021. Adapting to the challenges posed by the
COVID-19 pandemic, the pilot testing format shifted from a
face-to-face setting to a web-based setting with a small group
of academic staff from the University of Freiburg. The
evaluation, involving 12 participants, consisted of screen
recordings of search tasks and a qualitative survey regarding
user-friendliness. After the pilot tests, technical enhancements
were implemented, guided by the qualitative insights. These
findings formed the basis for the subsequent questionnaire study.

Availability

The current version of the search engine can be accessed on the
web [51]. Please note that there have been some significant
changes to the website structure since this study was conducted.

Evaluation

Design
We used 2 data collection methods to evaluate user behavior.
First, we asked users to fill out a questionnaire (self-perception).
Second, we recorded user behavior via web tracking

independently and unreferenced to the questionnaire (external
perception). The study protocol was published in 2019 [22].

Questionnaire Study
The study used a cross-sectional design with data collected
through a web-based questionnaire. The questionnaire was
developed after pilot testing of the search engine and underwent
an internal pretesting round before recruitment began.

Recruitment
The study used a recruitment strategy aimed at enrolling 200
participants. The first rounds of recruitment, starting in October
2020, which involved sending email invitations to local health
initiatives, professional networks for physicians, and personal
contacts, were unsuccessful in obtaining the desired number of
participants. Participants were then recruited from the
WisoPanel, an established online panel of German-speaking
individuals [52]. The panel provided a pool of 14,900 potential
respondents who had previously expressed an interest in
participating in research studies. The survey was open for
anyone accessing the link, but only participants from the panel
(>70% of the data) were included in the analysis of this study
to maintain a credible sample. Recruitment via the panel took
place in May 2021. The survey ended at the end of May 2021.
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Panel members were invited to participate in the study via email.
The email informed participants about the project and the aspects
distinguishing the new search engine from other platforms.

To ensure that participants had firsthand experience with the
platform before proceeding to the survey, they were asked to
test the search engine first. We recommended that participants
carry out 1 or 2 searches and familiarize themselves with the
SERP and the features and functions of the website.

Survey Administration
The hyperlink that led participants to the search engine was sent
to the panel members by email. Subsequently, the link to the
survey was displayed as a pop-up element after 10 to 20 seconds
of interaction with the search engine. Throughout the assessment
phase, a button to access the survey was strategically positioned
in the top right corner of the website to allow a direct link to
the survey interface. No registration was required to complete
the survey, ensuring seamless and voluntary participation.
Participants had the option to cancel their responses at any time,
and there were no time restrictions regarding the completion of
the questionnaire. Back buttons allowed participants to review
their answers before submitting the survey. Conventional
technical methods, such as cookies, were used to prevent visitors
from submitting their survey more than once.

The web-based survey was conducted using the Unipark tool
[53], with the survey page seamlessly embedded into the search
page via a modal window. After inviting panel participants, the
survey remained accessible for 11 days and closed at the end
of May 2021.

Before filling out the survey, participants were provided with
an introductory text outlining the anticipated time commitment,
project objectives, details about anonymity, the option to
terminate the survey at any point, data protection measures, and
contact information for queries. To proceed, participants were
required to confirm their understanding by checking a box and
consenting to the specified use of their data (informed consent).
No personal data were collected in the survey, and participants
were instructed not to provide any identifying information in
their open responses. Access to the data was restricted to
members of the institutions participating in the study.

Survey Characteristics
On the basis of established scales (the German version of the
self-assessment eHealth Literacy Scale [G-eHEALS] [54] and
the System Usability Scale [55] adapted by Quirmbach [56]
and Magin et al [57]), we developed a 25-item questionnaire
across five dimensions: (1) sociodemographic data; (2) internet
use; (3) digital health literacy; (4) usability, acceptance, and
innovative aspects of the search engine; and (5) search filters.
The final questionnaire contained 24 single-choice questions
and 1 open-ended question (Tables S1 and S2 in Multimedia
Appendix 4). The items in the questionnaire were not
randomized. No form of adaptive questioning was used. All
questions, except for the open-ended question, were mandatory;
nonresponse options were not provided. Thus, there was no
additional consistency or completeness check before submission.
The survey took approximately 5 minutes to complete.

Statistical Analysis
Descriptive statistics were used to summarize the characteristics
of the study participants, including age, gender, occupation,
educational level, and internet use for health information, as
well as self-perceived digital health literacy. Only completed
questionnaires were analyzed. No statistical correction was
applied to adjust the sample. To assess the acceptance and
usability of the search engine, Likert-scale items related to these
dimensions were combined to create scale values. The
acceptance scale measured participants’ willingness to use the
search engine again and to recommend it to others. The usability
scale evaluated participants’ agreement with statements related
to comprehensibility, clarity, the effectiveness of the search,
confidentiality, advertising, the ease of learning, and using the
search engine.

One reviewer analyzed the content of the open-ended question
and assigned the comments to different categories inductively.

Multiple regression analyses were conducted to explore
predictive factors influencing the acceptance of the search
engine. The factors tested in the regression analyses included
age, gender, occupation, educational level, the frequency of
internet use for health information, and self-perceived digital
health literacy.

Reporting
This study is reported based on the guidelines of the Checklist
for Reporting Results of Internet E-Surveys (CHERRIES) [58].

User Behavior Tracking
Behavior tracking data were collected from all consenting users
accessing the search engine between October 2020 and June
2021 using the web analytics software Matomo (Matomo.org)
[59]. Matomo is a powerful open-source web analytics platform
designed to help website owners and organizations gain insights
into their online presence while respecting user privacy. Its
primary purpose is to track website traffic by tracking website
visitor behavior. What sets Matomo apart from services such
as Google Analytics is its commitment to data privacy and
General Data Protection Regulation (GDPR) compliance.
Matomo allows users to maintain control over their data by
hosting the data on their own servers, ensuring that sensitive
information is not shared with third parties. Matomo is easy to
integrate into web pages and can also be customized to track
specific custom data. Ripp and Falke [60] successfully used
Matomo to track user behavior in their research project, where
they analyzed search behavior for certain keywords on the online
information system Grammis.

We installed Matomo on our own server and integrated the
tracking into our search engine’s front end. We enabled the
tracking to record the filter settings and capture the search term
beyond the standard visit data, such as how long users spent on
the website, and which of the results they clicked on.
Structurally, Matomo records several actions for each visit,
containing the duration among other data (Figure S1 in
Multimedia Appendix 5). However, for the last action of a visit,
the duration is not recorded. We have filled the empty value

JMIR Hum Factors 2025 | vol. 12 | e56941 | p.1147https://humanfactors.jmir.org/2025/1/e56941
(page number not for citation purposes)

Specht et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


with the median of all actions from the particular visit to obtain
a more realistic value for the entire visit duration.

Only data from consenting users was recorded and subsequently
descriptively analyzed for the 9-month time period. Therefore,
this sample differs from the sample of the questionnaire study
but may also include users who completed the questionnaire.
The data processing for the data analysis was realized with a
Python script directly accessing Matomo’s database using
specific SQL queries.

Ethical Considerations
The study was approved by the institutional review board at the
University of Freiburg (Ethikkomission-Freiburg 559/17) as an
extension to the GAP study [22], and a document on data
protection was agreed upon. As an incentive, the questionnaire
study participants could take part in a prize draw for 1 of 25
vouchers to a bookstore worth €20 (US $24.33) after completing
the survey.

Results

Questionnaire Study

Participants
During the time the survey was open (from October 2020 to the
end of May 2021), there were 1577 unique site visitors to the
search engine website, with 1426 (90.4%) visitors to the first
survey page. Of these 1426 visitors, 1250 (87.7%) agreed to
participate in the survey. Of these 1250 participants, 1123
(89.8%) completed the survey.

Of the 1123 survey respondents, 802 (71.4%) were from the
panel described in the Recruitment subsection. The age
distribution of these participants was approximately normal,

with a little more than a quarter of the participants (215/802,
26.8%) falling into the age category of 50-59 years. The gender
distribution was also fairly balanced between male and female,
with a little more than half of the respondents (432/802, 53.9%)
self-identifying as female. Regarding occupational background,
the majority of the participants (726/802, 90.5%) did not work
in a medical profession.

Educational levels were notably higher than in the general
population due to recruitment through the scientific panel, with
69.3% (556/802) of the participants having completed upper
secondary education (at least level 3 in the International
Standard Classification of Education [ISCED]-2011) and 46.3%
(372/802) holding a bachelor’s or master’s degree or higher
(ISCED-2011 levels 5-8).

The study participants recruited from the web-based panel
reported searching for health information online more frequently
than the general population, with 65.4% (524/802) searching
several times a month at the minimum and 27.7% (222/802)
searching at least several times a week. Only 1.5% (12/802) of
the participants indicated that they “never” searched the internet
for health information.

Participants’ self-perceived digital health literacy was measured
by the G-eHEALS items. Of the 802 participants, 291 (36.2%)
felt confident in making health-related decisions based on
internet information, while 461 (57.5%) felt capable of
distinguishing reliable from questionable information online.

More information about the participants is available in Table
S3 in Multimedia Appendix 4.

Acceptance and Usability
Scale values were created by combining items relating to the
acceptability and usability of the search engine (Figure 3).

Figure 3. Scale values for acceptance and usability (n=802). The Likert-scale response options were as follows: 1=strongly disagree, 2=disagree,
3=partially agree, 4=agree, and 5=strongly agree. There was one negative question, which was adjusted for calculating the scale values.

The results show agreement regarding the acceptance and
usability measures of the new search engine (Figure 3 and Table
1). In particular, more than half of the participants expressed
their willingness to use the search engine again (465/802, 58%)
and to recommend it to others (507/802, 63.2%). In addition,

79.3% (636/802) of the respondents agreed or strongly agreed
that using the search engine was quick to learn, and 77.3%
(620/802) to 98.6% (791/802) agreed at least partially with other
statements related to usability aspects.
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Table 1. Detailed items for acceptance, usability, and innovative aspects (n=802). The Likert-scale response options for acceptance and usability were
as follows: 1=strongly disagree, 2=disagree, 3=partially agree, 4=agree, and 5=strongly agree. The Likert-scale response options for the innovative
aspects item were as follows: 1=very unimportant, 2=unimportant, 3=neither unimportant nor important, 4=important, and 5=very important.

Scores, mean (SD)Content

Acceptance

3.58 (1.02)Item 1: potential reuse

3.68 (1.03)Item 2: recommendation to others

Usability

4.03 (0.86)Item 1: quick to learn

3.63 (1.00)Item 2: efficient scannability of the SERPa

3.75 (1.00)Item 3: clarity of the SERP

2.37 (1.29)Item 4: functions not comprehensibleb

4.66 (0.66)Item 5: appreciation for the absence of advertising

3.45 (1.03)Item 6: functionality meets expectations

3.59 (0.88)Item 7: careful handling of personal data

3.55 (0.95)Item 8: no commercial bias

3.77 (0.99)Item 9: fast access to relevant information

3.58 (1.03)Item 10: innovative approach

4.50 (0.76)Innovative aspects of the search engine (anonymous searches)

aSERP: search engine results page.
bItem 4 (comprehensibility of functions) was a negated question.

Users particularly appreciated the absence of advertising on the
platform, with 93.1% (747/802) agreeing or strongly agreeing
that the absence of advertising was a significant benefit. The
search engine’s user-friendly interface and the ability to adjust
search results through the use of filters were also well received
by participants. Furthermore, the unique features of the search
engine, notably the anonymous searches without the creation
of user profiles and independence from sponsors, received high
importance ratings from 91.3% (733/802) of those surveyed.

More detailed results are available in Tables S4-S6 in
Multimedia Appendix 4.

Of the 802 participants, 561 (70%) to 622 (77.6%) indicated
that they used the filter functions that could be enabled to change
what was displayed on the SERP (Table 2; Figure 2).
Furthermore, 92.3% (518/561), 93.9% (553/589), 94.7%
(567/599), and 96.5% (600/622) of those users who used the
filters agreed at least partially that the filter functions were
helpful in finding trustworthy, recent, user-friendly, and
comprehensible results, respectively. The recency filter was
particularly well received, with 46% (286/622) of the users
strongly agreeing that it was helpful. More detailed results are
available in Table S7 in Multimedia Appendix 4.

Table 2. Helpfulness of filters (n=802). The Likert-scale response options were as follows: 1=strongly disagree, 2=disagree, 3=partially agree, 4=agree,
and 5=strongly agree.

Values, mean (SD)Participants, n (%)aContent

Helpfulness of filters for each filter

4.11 (0.92)599 (74.7)Item 1: trustworthiness

4.25 (0.84)622 (77.6)Item 2: recency

4.05 (0.93)589 (73.4)Item 3: comprehensibility

3.91 (0.93)561 (70)Item 4: user-friendliness

aAll other participants answered, “I did not use this function, I cannot evaluate this question.”

In the open-ended question, which aimed to supplement the
data with qualitative results, participants were asked to share
their comments and suggestions for improvements. Of the 802
participants, 263 (32.8%) replied to the question. Multiple
aspects were mentioned. In an inductive approach, 10 main
themes were identified (Figure 4). Many of the participants

commented on the usability aspects of the website. Of the 236
comments, 76 (32.2%) included constructive criticism and
specific suggestions for improving the website in the future.
Many commenters made suggestions for improving the design
because they found some aspects unclear or overwhelming.
Others did not fully understand the methodology behind the
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evaluation of the selected providers or the reason why only
specific providers, including commercial web pages, were shown
on the results page and asked for more clarification. Some

commenters were happy with the site as it stood and did not ask
for any changes, while some conveyed disappointment with the
results they discovered on the SERP.

Figure 4. In the analysis of 263 comments in response to the open-ended question, 10 main themes were identified inductively: design; search results
and filter functions; selection of providers; technical details; method of evaluating the website; target audience; text on the website; comments about
the survey; general positive responses; and critique, dissatisfaction, and other comments. The illustration shows a hierarchical visualization, with the
size of the elements indicating the quantity of comments.

Predictors of Acceptance
We conducted multiple regression analyses to examine the
predictive factors influencing responses to the acceptance scale.
Age, gender, occupation, educational level, frequency of internet
use for health information, and self-perceived digital health

literacy were tested as influencing factors. All factors were first
tested individually and subsequently tested simultaneously due
to the potential error introduced by multiple testing. Overall,
only minor discrepancies were identified. Significance levels
were set at P<.05. Table 3 presents more details.

JMIR Hum Factors 2025 | vol. 12 | e56941 | p.1150https://humanfactors.jmir.org/2025/1/e56941
(page number not for citation purposes)

Specht et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Table 3. Predictive factors for acceptance (n=802). Categorical variables were dummy coded.

Simultaneous testing of all predictorsaIndividual testing of each predictorPredictive factors for acceptance

ηp
2 (%)P valueF test (df)B (SE)R2 (%)P valueF test (df)B (SE)

0.91.0077.27 (1)0.07 (0.03)0.99.0057.97 (1)0.07b (0.02)Age

0.820.20 (2)0.01.960.04 (2)Gender

.890.02 (1)−0.07 (0.49).990.00 (1)0.01 (0.49)Diverse

.550.35 (1)0.04 (0.07).770.09 (1)0.02 (0.07)Female

ReferenceReferenceReferenceReferenceReferenceReferenceReferenceReferenceMale

0.29.321.14 (2)0.45.161.82 (2)Occupation

.590.28 (1)0.07 (0.12).340.92 (1)0.12 (0.12)Medical doctor

.171.93 (1)−0.49 (0.35).112.62 (1)−0.56 (0.35)Other medical profession

ReferenceReferenceReferenceReferenceReferenceReferenceReferenceReferenceNot working in a medical
profession

0.78.191.55 (4)1.27.042.57 (4)Highest level of educational attainment

.044.22 (1)0.41 (0.20).0096.81 (1)0.51 (0.19)No formal secondary educa-

tion (ISCEDc levels 0-1) or
lower secondary education
(Hauptschulabschluss,
ISCED-2011 level 2)

.132.33 (1)0.26 (0.17).053.85 (1)0.33 (0.17)Lower secondary education
(Realschulabschluss, ISCED-
2011 level 2)

.450.58 (1)0.13 (0.17).330.94 (1)0.16 (0.17)Upper secondary education
(Fachabitur oder Abitur,
ISCED-2011 levels 3-4)

.291.14 (1)0.17 (0.16).201.67 (1)0.21 (0.16)Tertiary education: bachelor’s
or master’s degree or equiva-
lent (ISCED-2011 levels 6-7)

ReferenceReferenceReferenceReferenceReferenceReferenceReferenceDoctorate degree (ISCED-
2011 level 8)

1.5<.00111.98 (1)0.13 (0.04)2.1< .00117.16 (1)0.15 (0.04)Frequency of internet use for
health information

0.38.083.03 (1)0.08 (0.05)1.2.0029.69 (1)0.12 (0.04)Self-perceived digital health litera-
cy: information search

0.850.04 (1)−0.01 (0.05)0.22.181.79 (1)0.05 (0.04)Self-perceived digital health litera-
cy: information assessment

aVariance resolution of simultaneous testing: R2=5.02%.
bFactors with significant predictions (P<.05) are shown in italics.
cISCED: International Standard Classification of Education.

There were 2 significant results in predicting the acceptance of
the search engine. First, the acceptance rating increased with
age, rising by 0.07 scale points (B=0.07) for each additional
10-year age group. Second, the ratings for acceptance were
higher among participants with more frequent internet use for
health information.

The factors “highest level of educational attainment” and
“self-perceived digital health literacy” only showed significant
correlations with the acceptance ratings in the individual tests
and slightly lower correlations in the simultaneous tests.
Participants with lower levels of education showed stronger
acceptance ratings than those with higher levels of education.

For this predictor, the reference category was set as “doctorate
degree” (ISCED-2011 level 8). Acceptance ratings among
persons without any formal secondary education (ISCED-2011
levels 0-1) or with a lower secondary education
(Hauptschulabschluss, ISCED-2011 level 2) were 0.41 scale
points higher than among persons with a doctorate degree
(B=0.41). However, if we examine the effect strength using

partial eta–squared (ηp
2), only small effects were shown overall

for all factors (1%=small effect, 6%=medium effect). No
significant results were found for the factors gender or
occupation.
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User Behavior Tracking
For a period of 9 months (from October 2020 to the end of June
2021), user behavior of consenting users was tracked using
Matomo. The main aspects recorded were the search queries
and the use of the filter functions. The data indicated that 1631
visitor sessions had taken place, with 3090 searches using 1984
different search terms across 1924 visits. The search terms had
an average lexical token count of 1.74 (SD 1.14). Of the 1984
search terms, 1096 (55.24%) had a lexical token count of 1,
while 888 (44.76%) had a lexical token count of >1. The
maximum lexical token count was 13. We observed that 28.9%
(893/3090) of the search queries were conducted through mobile
devices such as smartphones and tablets. On average, visitors
conducted 1.64 (SD 1.31) searches per visit, with an average
duration of 137.45 (SD 278) seconds and a median duration of
49 (IQR 24-119) seconds. The top 3 search terms were “corona,”
“rückenschmerzen” (back pain), and “husten” (cough; Table
S1 in Multimedia Appendix 5). Each search term was queried
1.57 (SD 3.46) times on average; of the 1984 search terms, 1621
(81.7%) were entered just once. Users could personalize the
order of the displayed search results, depending on the
prioritization of the different filter categories (trustworthiness,

recency, user-friendliness, and comprehensibility), all of which
were initially set to “unimportant” by default. Within the search
interactions, overall, 47,532 actions were performed, among
which were 1358 (2.86%) outlink actions (ie, external domains
clicked by website visitors) and 34,490 (72.56%) filter changes
in total. The high number of filter changes was due to the fact
that the filters were often switched back and forth in a search,
which led to multiple occurrences of the same filter settings.
This behavior was probably observable due to the fact that,
given the limited corpus, the result set could be empty for certain
search terms in combination with a narrow filter setup; therefore,
it was necessary to change back the filter to obtain results.
Excluding these repeated changes, of the 34,490 filter changes,
5534 (16.05%) were unique. In addition, after removing the
initial filter setup where all categories were set to the default
value, we ended up with 2784 nondefault unique filter changes
used in 15.37% (475/3090) of the searches. Recency was used
the most, followed by trustworthiness, user-friendliness, and
comprehensibility (Figure 5). Consistent with the results on the
usefulness of the filter function from the questionnaire study,
the user behavior data showed that the filters for recency and
trustworthiness were adjusted most frequently.

Figure 5. Distribution of the filter settings of the 2784 nondefault unique filter changes across filter categories. We consider a filter category to be
“enabled” if a filter category is not set to “unimportant.”.

Discussion

Principal Findings
In this study, we evaluated the independent, noncommercial
tala-med search for German-language medical information,
placing a primary focus on transparency, independence, and
evidence-based information. Our questionnaire study and user
behavior tracking provide insights into the acceptance and
usability of this innovative platform.

The survey resulted in a mean acceptance score of 3.63 (SD
0.98) and a mean usability score of 3.76 (SD 0.61) on a scale
of 1 to 5 (1 signifying strong disagreement and 5 signifying
strong agreement with acceptance and usability statements).

Given that our user interface is similar to that of popular search
engines such as Google and Bing and is advertisement-free, it
is unsurprising that it was well received. However, there is still
a need for optimization to achieve a higher reuse potential and
a greater willingness to recommend the platform. Within the
usability measures, item 1, which reflected the learnability of
the search, achieved a high mean value of 4.03 (SD 0.86; Table
1). In terms of the effectiveness and clarity of our design (refer
to items 2, 3, and 9 in Table 1), we still see room for
improvement but are satisfied with the results for the initial
release. Our findings align with those of Petrie and Bevan [40],
who emphasized that usability, particularly learnability, is
crucial for ensuring the platform’s effectiveness and user
satisfaction. Similar to the study by Petrie and Bevan [40], our
study highlights the need to continually evaluate and refine
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digital systems to cater to user needs and improve overall
usability. The survey also revealed that the filters were used by
>70% of the 802 users. Among these users, the filters were
highly accepted on average, which matches with the tracking
statistics revealing the high use of the filter functionality. The
most used filter was recency, followed by trustworthiness,
matching the survey outcome, which asked about the helpfulness
of the filters. This was not the case for the 2 remaining filters.
Although the filter for user-friendliness was used more often
in our tracking data than the one for comprehensibility, it was
perceived as less helpful than comprehensibility. In the future,
we might inspect these filter categories in more detail and
potentially improve their estimation. The insights support our
decisions, including basing the design of our search engine on
the insights of Strecker et al [32], which demonstrated how
improvements in user interface design could lead to higher user
satisfaction. The high acceptance of the filters for recency and
trustworthiness in our study also echoes the findings of Strecker
et al [32], who highlighted that content navigation and relevance
contribute to overall user satisfaction. Nevertheless, the insights
encourage us to improve and possibly expand the filters and the
design. The fact that our search engine does not share any data
with partners or advertisers and does not record the visitor’s
behavior to create profiles was rated as very relevant, with a
mean score of 4.5 (SD 0.76). This result confirms the importance
of our general endeavor driven by data privacy and
noncommerciality as our fundamental motivations for creating
the search engine. This finding is consistent with the work of
Eysenbach and Köhler [43], who found that while internet users
claimed to prioritize credibility when assessing health
information online, they often relied on superficial factors such
as website design and ease of use, rather than more reliable
indicators such as the “About us” sections or disclaimers. Our
platform addresses these shortcomings by offering more explicit
filters, such as trustworthiness, which help users find credible
information without having to rely solely on superficial design
elements. In our calculations on the predictors of acceptance,
it can be concluded that while the effects may be small, the
search engine was particularly well accepted among older users,
users with a high frequency of internet use for health
information, and those with lower levels of education. This
finding suggests that the new search engine may effectively
cater to segments of the population with lower health literacy
and digital health literacy and greater requirements for
navigational assistance, bridging the gap in accessing reliable
medical information online. As discussed by Kritz et al [42],
general practitioners and medical specialists often face barriers
in accessing high-quality medical content due to limited time
and the overwhelming amount of information online. Our search
engine’s focus on evidence-based information and user-friendly
design helps mitigate these issues, making it a suitable tool for
both health care professionals and the general public.

This reinforces the necessity to consider navigational needs in
health information platforms. Digital health literacy has
improved in recent years, particularly among persons with low
levels of education [14]. The ability to assess health information
has also improved over time and over the course of the
COVID-19 pandemic. Digital health literacy improved for
younger but not for older people over the course of the pandemic

[15]. Even with some of these improvements, health literacy is
still low within the German population and particularly among
people with low levels of education. This observation aligns
with the findings by Zhang [44], who identified that source
selection for health information is influenced by a wide range
of factors, including accessibility, quality, usability, and personal
relevance. Our platform’s appeal to older users and those with
lower health literacy supports the conclusion drawn by Zhang
[44] that a personalized approach, considering different
user-related factors, is crucial for effectively meeting the diverse
needs of consumers when they access health information. The
correlation between low educational levels, low social status,
higher age, and lower health literacy rates has become even
stronger [14]. This emphasizes the need to address low health
literacy to improve social inequities. The new search engine
attempts to address this need by assessing health information
online and by making high-quality information easily searchable.

Many of the comments highlight the fact that at the time of the
survey, participants used the first version of the search engine,
which still had some technical and appearance-related
weaknesses. Since the survey was conducted, a number of
revisions have been made, some of which correspond to
suggestions made in the comments, such as adding more
information about the principles of the quality assessment and
the functions of the websites and removing certain commercially
funded information sources.

The platform’s emphasis on anonymous searches and
independence from advertising and sponsors resonated
especially well with the participants, underscoring the
importance of developing alternatives to commercial search
platforms. The usability of our platform, free from external
advertising influence, aligns with the findings by Belinda et al
[41], who evaluated both internal factors (such as page load
time and performance) and external factors (such as ease of
navigation and organization of information) as critical to the
overall user satisfaction with websites. Our platform similarly
emphasizes ease of use and efficient performance, which were
key contributors to its positive reception. The general results
align with previous findings on the importance of user-friendly
interfaces [61-63] and the impact of advertising on users’
perceptions [64].

Limitations

Limitations of the Technology
Some participants expressed dissatisfaction with the displayed
results. Several respondents found the design of the SERP and
individual results confusing due to an overload of information
in one place. Potential design changes have been suggested to
improve clarity. Currently, some search results are duplicated
on the results page. To enhance the appearance of the SERP, it
is desirable to deduplicate the search index. This would mean
displaying more relevant information and fewer distracting
results. To address the fact that sometimes no results were
displayed due to strict filter settings, we could display results
with nonexact matches for the filter category score below the
exact matches and visually indicate them.
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Participants encountered difficulties in understanding how the
evaluation process worked. Efforts should be made to make the
evaluation process easier to understand when using the website.
Some improvements have been made over time, such as
providing brief explanations of the filter categories when
hovering over the graphic showing the score for each domain.

In addition, further clarification is necessary regarding the
domains chosen, which comprise both independent and
commercial providers. Over time, certain websites were
excluded from being displayed on the site because of the
conflicts of interest of their publishers (such as the site “Zentrum
der Gesundheit” and a site funded by a pharmaceutical
company). Currently, the website no longer displays commercial
providers.

Limitations of the Questionnaire Study
While the questionnaire study provides valuable insights into
the acceptance and usability of the new search engine, several
limitations should be acknowledged. First, the recruitment
methodology, relying on web-based panel recruitment,
unintentionally led to an overrepresentation of individuals with
higher educational levels than the general population and
potentially more frequent internet use due to the online
recruitment process. Among our participants, 46.3% (371/802)
had completed tertiary education compared to only 18.5% of
the general German population with a university degree or
equivalent [65]. Similarly, 65.4% (524/802) of our participants
reported searching for health information only at least once a
month, while a Bertelsmann Foundation 2018 study indicated
that only approximately 50% of the general German population
seek such information at least once a month [2]. This potentially
influences acceptance and usability ratings. Participants’
self-perceived digital health literacy, as measured by the
G-eHEALS items, approximately aligned with that of the sample
of the validation study of the German version of the
questionnaire by Söllner et al [54]. However, this information
should be viewed with caution because Kim et al [66] discovered
a discrepancy between self-assessments and actual ability.
Actual ability was not assessed in our study.

Second, as some of the participants only interacted with the
search engine and its features for a brief duration, this short
testing time proved to be a limiting factor, hindering the
formation of comprehensive first impressions. The responses
to the open-ended question suggest that some participants tested
the features of the search engine for only a few seconds. This
was caused by the pop-up window linking to the questionnaire
opening after interacting with the website for 10 to 20 seconds.
Such a brief interaction period was likely insufficient for users
to thoroughly explore and understand the functionalities and
benefits of the search engine. Consequently, the feedback
provided by users on the acceptance and usability of the platform
may not accurately reflect its true potential. The limited duration
of testing may lead to superficial evaluations, whereby
participants may base their judgments on initial impressions
rather than informed use. This can result in an inaccurate
assessment and therefore impact the results presented for the
acceptance and usability measures. More extended testing
periods could offer a more accurate assessment of the platform’s

acceptance and usability over time. Furthermore, the
implementation of controls for the length of the testing period
could provide more reliable data, thereby ensuring that all
participants have sufficient time to engage with the platform
before completing the questionnaire.

Limitations of the User Behavior Tracking
As Matomo does not record the last action, we decided to
substitute this missing value with the median of all actions from
the particular visit. However, a more optimal solution would
be to record of the last action, which could be triggered when
closing the browser, but Matomo does not support this feature.

Unfortunately, due to data protection regulations, we were
unable to link the search behavior with the survey data. It would
have been interesting to see to what extent the search behavior
and the questionnaire would have provided more information.

Future Work

Further Evaluation of the New Search Engine
As these results are based on the first impressions of a group
of users, data on long-term use and satisfaction have yet to be
compiled. Future work should therefore address the need to
evaluate long-term acceptance and usability measures of the
site using a longitudinal study design. This could provide
valuable insight into whether users actually use the search engine
when they have an acute need to seek out medical information
and whether they return to the site over time.

Future research should also consider comparing the search
engine with other existing and established platforms to gain a
deeper understanding of its unique advantages. Such
investigations might involve participants executing identical
search queries on both the novel search engine and other
platforms and sharing their impressions of each experience,
similar to the study by Strecker et al [32]. Particular attention
should be given to participants’ abilities to assess the quality
and reliability of the information found. Furthermore, a
comparison of the specific results retrieved from both search
engines could be undertaken, examining both the congruence
and discrepancies in the results.

Further Improvements to the Search Engine
Ongoing revisions and updates to the search engine, including
integration on partner websites, hold promise in expanding its
reach and use, ensuring that it remains relevant and effective in
addressing users’ health information needs. Since the data
collection for this study was completed, there have been several
revisions to the website.

As the qualitative survey showed, some users found the SERP
complicated. To address this issue, a potential solution could
be a clearly linked help page with a video explanation. Another
solution could be to provide an animated assistant that guides
users through the page.

One major disadvantage of the search engine in its current state
stems from the fact that the evaluation of the domains—more
than 50 of them—according to the quality criteria was performed
in 2020, and there has not been any update to the evaluations
thus far. The domains’ quality may have improved or declined
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in the time since the evaluation. A continual process with
constant reevaluations of the domains is necessary to ensure an
up-to-date rating of the domains accessible through the search
engine. As we currently do not have the capacity to perform
another evaluation or to establish a continual evaluation process
for the domains, we have temporarily disabled the display of
the filter category scores and the option to adjust the results
based on these scores because the scores do not reflect the actual
quality of the domains in their current state.

Thus, in future, inspired by Zowalla et al [34], we intend to
evaluate various criteria automatically. In the study by Zowalla
et al [34], the readability of the language was analyzed supported
by a support vector machine. We plan to use more sophisticated
approaches that also model contextual context. Therefore, we
plan to create classifiers based on Bidirectional Encoder
Representations from Transformers (BERT) [67]. We have in
mind the domain-specific models GerMedBert [68] and
BioGottBERT [69], the latter being a model of the German
monolingual Robustly Optimized BERT Pretraining Approach
(RoBERTa) [70] model GottBERT [71] specialized on medical
language. A further improvement might be the enrichment of
the texts with MeSH terms, similar to PubMed. Such approaches
would enable us to process and rate documents individually,
rather than evaluating domains using random samples.

From a technological standpoint, there are still notable areas
for enhancement of the middleware, which could be
implemented in the future. As App Search is proprietary and
monolithic, to make it customizable and more extensible, we
are currently exploring potential improvements. In particular,
we are considering alternative technologies, as used by Scheible
et al [31]. This would enable us to add features based on modern
technologies. Specifically, we are contemplating a different
approach to computing synonyms. Instead of using discrete
structures, we plan to train and use a FastText model [72].

Conclusions
The development of the independent, noncommercial tala-med
search marks a step toward improving access to reliable and
evidence-based health information online. By prioritizing
transparency, independence, and high-quality content, the
platform has the potential to bridge the gap in health information
accessibility, especially for older and less-educated individuals.
This study achieved its objective of evaluating the acceptance
and usability of the platform, using user questionnaires and
behavior tracking, and the results have been encouraging. The
search engine was well received, with users appreciating its
advertising-free design and filtering system, which addresses
the navigational needs of individuals with lower health and
digital health literacy.

User feedback also highlighted areas for improvement,
particularly in the clarity of the design and filter functionality.
Nevertheless, the platform’s emphasis on anonymous searches
and independence from advertising resonated strongly with
participants, reinforcing the importance of alternatives to
commercial search engines. These findings are based on initial
impressions, with long-term use and satisfaction data still to be
collected. Future research should compare the search engine
with existing platforms to further explore its unique advantages,
while ongoing updates and potential integration on partner
websites will enhance its reach and relevance.

In conclusion, the tala-med search demonstrates a promising
step toward enhancing health literacy and empowering
individuals to make well-informed health decisions. By
addressing users’ navigational needs and promoting equitable
access to high-quality, evidence-based medical information, the
search engine has the potential to positively impact health
literacy, reduce health disparities, and promote patient
empowerment in the digital age.
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Abstract

Background: As artificial intelligence (AI) evolves, its roles have expanded from helping out with routine tasks to making
complex decisions, once the exclusive domain of human experts. This shift is pronounced in health care, where AI aids in tasks
ranging from image recognition in radiology to personalized treatment plans, demonstrating the potential to, at times, surpass
human accuracy and efficiency. Despite AI’s accuracy in some critical tasks, the adoption of AI in health care is a challenge, in
part because of skepticism about being able to rely on AI decisions.

Objective: This study aimed to identify and delve into more effective and acceptable ways of integrating AI into a broader
spectrum of health care tasks.

Methods: We included 2 qualitative phases to explore podiatrists’ views on AI in health care. Initially, we interviewed 9
podiatrists (7 women and 2 men) with a mean age of 41 (SD 12) years and aimed to capture their sentiments regarding the use
and role of AI in their work. Subsequently, a focus group with 5 podiatrists (4 women and 1 man) with a mean age of 54 (SD 10)
years delved into AI’s supportive and diagnostic roles on the basis of the interviews. All interviews were recorded, transcribed
verbatim, and analyzed using Atlas.ti and QDA-Miner, using both thematic analysis for broad patterns and framework analysis
for structured insights per established guidelines.

Results: Our research unveiled 9 themes and 3 subthemes, clarifying podiatrists’ nuanced views on AI in health care. Key
overlapping insights in the 2 phases included a preference for using AI in supportive roles, such as triage, because of its efficiency
and process optimization capabilities. There is a discernible hesitancy toward leveraging AI for diagnostic purposes, driven by
concerns regarding its accuracy and the essential nature of human expertise. The need for transparency and explainability in AI
systems emerged as a critical factor for fostering trust in both phases.

Conclusions: The findings highlight a complex view from podiatrists on AI, showing openness to its application in supportive
roles while exercising caution with diagnostic use. This result is consistent with a careful introduction of AI into health care in
roles, such as triage, in which there is initial trust, as opposed to roles that ask the AI for a complete diagnosis. Such strategic
adoption can mitigate initial resistance, gradually building the confidence to explore AI’s capabilities in more nuanced tasks,
including diagnostics, where skepticism is currently more pronounced. Adopting AI stepwise could thus enhance trust and
acceptance across a broader range of health care tasks, aligning technology integration with professional comfort and patient care
standards.
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Introduction

Background
As artificial intelligence (AI) continues to advance, its potential
to revolutionize health care is unquestionable. AI systems are
increasingly capable of performing tasks that range from routine
data analysis to complex decision-making processes that were
once the sole domain of human experts. These technologies
offer the promise of more accurate predictions [1], more precise
patient condition explanations [2], autonomous diagnoses [3],
and personalized treatment plans [4]. Despite these capabilities,
there remains an evident hesitancy among health care
professionals and patients alike to embrace AI-driven
recommendations fully. This skepticism is partly rooted in
worries about AI’s capacity to grasp patients’ nuanced,
individual scenarios [5], to integrate the crucial human elements
of empathy and understanding [6,7], and to deal with complex
ethical considerations in health care [8].

The literature on trust in AI highlights concerted efforts to foster
trust by exploring strategies to address trust issues between AI
systems and users. For example, some studies suggest that
redefining AI as a supportive adjunct to professionals rather
than a standalone solution could promote acceptance [9,10]. In
addition, showcasing instances where AI surpasses human
experts in specific tasks may enhance humans’ trust in AI
[5,9,11]. Emphasizing transparency and providing
understandable explanations of AI processes are crucial, with
evidence showing users how AI works can greatly diminish
skepticism [12-15]. For example, applying explainable AI (XAI)
techniques to explain the basis of AI-generated predictions can,
in certain contexts, enhance human trust and understanding
[12]. Although XAI can potentially be valuable in increasing
trust and understanding, the specific implementation of XAI
(eg, the complexity and relevance of the explanation) is crucial
in achieving those goals [16]. However, despite these positive
developments, fully integrating AI into practice remains
challenging, and professionals and laypersons often still prefer
human judgment and intuition over AI recommendations
[6,7,10,17].

AI’s potential applications within health care are vast and
multifaceted. Its well-established ability to detect diseases such
as cancer and predict various health conditions highlights its
substantial role in diagnostics. Not only does AI excel in
recognizing patterns within medical images for early disease
detection, offering a level of precision that can sometimes
surpass traditional methods [3,18,19], but also its influence
extends beyond diagnostics. AI assumes a crucial supportive
role in health care operations, such as triaging in emergency
departments where algorithms prioritize care based on urgency
and outcomes, thereby optimizing resource allocation and
ensuring timely patient attention [20]. Furthermore, AI’s
capacity for enhancing operational efficiency is evident across

a spectrum of health care activities. It predicts bed availability
and automates the conversion of patient consultations into
concise summaries, thereby freeing health care professionals
from administrative work. This enables more patient-centered
care and marks AI as a transformative tool in health care [21].

This study seeks to delve deeper into health care providers’
perspectives on AI’s current and potential role and value in their
field. While previous studies often focus on assessing trust in
already developed AI systems, this study takes a different
approach by involving health care professionals from the outset
in identifying potential applications of AI. Early engagement
allows us to determine where AI is anticipated to be most
valuable, fostering a more collaborative and user-centered
integration that aligns with professionals’ needs and
expectations. By engaging directly with health care professionals
who are the prospective users of these AI applications, the study
seeks to pinpoint areas where AI integration would be most
advantageous and eagerly anticipated by practitioners. Through
this inquiry, we aspire to pave the way for more effective and
user-endorsed integration of AI in health care, aligning
technological advancements with health care professionals’
real-world needs and preferences.

Objective
Our study explores health care providers’ perceptions of AI’s
potential benefits in patient care and operational efficiency, with
examples including risk assessments and diagnostics. The
effectiveness of AI technologies depends on their advanced
capabilities and, more crucially, on their acceptance by health
care professionals. Without their acceptance, achieving a truly
successful implementation becomes only partial, leading to the
largely unrealized potential of AI. Thus, we aim to understand
these professionals’ perspectives on AI adoption, emphasizing
the development of trust and integration strategies and
identifying approaches that position AI as a valuable tool
complementing human expertise, not replacing it [10].
Consequently, the central research question we propose is as
follows: How can AI be effectively integrated into practice in
a way that ensures health care professionals’ acceptance and
trust in its advice?

We adopt a qualitative approach to address our research
question, focusing on the FootCheck (RondOm Podiatrists) app
(in Dutch: Voetencheck app). This app, specifically designed
for the daily monitoring of patients with diabetes in the
Netherlands, sends daily push notifications to guide these
patients through a foot screening process, featuring instructional
videos and questions. This enables patients to submit photos to
podiatrists to evaluate potential issues such as wounds or ulcers.
During its successful pilot phase, which occurred amid the
COVID-19 pandemic, the app was used by over 1700
individuals, leading to more than 43,000 screenings [22].
Recognizing the growing interest of stakeholders in leveraging
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AI to enhance efficiency and health care quality, we believe the
FootCheck app provides an ideal basis for exploring AI’s
potential. It is important to note that the app still lacks AI
integration, highlighting the potential benefits of AI for future
enhancements. Our study includes interviews with diverse
podiatrists, encompassing current and potential future app users.
These interviews aim to understand their experiences and
perspectives regarding using the app as it is and the prospects
for integrating AI into the screening process of future versions
of the app.

Methods

Design and Setting
We conducted a qualitative study structured in 2 phases to
investigate trust and acceptance in AI. In phase 1, we sought to
capture diverse perspectives and needs from podiatrists
regarding their trust in and acceptance of AI technologies
through semistructured interviews. The insights gathered from
these interviews served as input to the mock-up design process.
Phase 2 aimed to further explore specific AI applications through
a focus group session. Figure 1 provides a visual representation
of these phases.

Figure 1. A visual presentation of the 2 phases of the study. AI: artificial intelligence.

The FootCheck App and Decision-Making Process
The practical application of AI in health care settings we studied
was the FootCheck app, developed for RondOm Podiatrists. As
one of the largest podiatry chains in the Netherlands, RondOm
Podiatrists introduced this app during the COVID-19 pandemic
to ensure continuous care for their patients. The app has since
been used to facilitate daily monitoring of foot health for patients
with diabetes, allowing patients to submit photographs for
screening. The workflow from patient submission to professional
evaluation is illustrated in Figure 2.

RondOm Podiatrists are keenly interested in the potential of AI
to enhance their app and streamline decision-making processes.
The system does not use AI currently, but there are numerous
potential areas where AI could provide substantial benefits. For
example, AI could be instrumental in assessing the suitability
of submitted photos for evaluation. This capability would
significantly reduce the workload on professionals by
automatically filtering out low-quality or irrelevant images,
ensuring that only those suitable for review are presented. This
efficiency gain is crucial as it allows podiatrists to focus their

expertise where it is most needed rather than on preliminary
sorting tasks.

Moreover, AI could assist in prioritizing cases on the basis of
urgency. Currently, podiatrists must manually open and evaluate
all submitted photos, which is time-consuming and potentially
less effective in quickly identifying urgent cases. By
implementing AI to perform a preselection of instances based
on predetermined criteria of urgency, the system could ensure
that patients requiring immediate attention are identified and
prioritized, thereby optimizing patient care and resource
allocation.

Another critical area in which AI could have a significant role
is aiding in the diagnosis of foot conditions. The increasing
number of patients with diabetes and a relative shortage of
podiatrists present a growing challenge. AI can alleviate some
of this burden by providing preliminary assessments based on
the analysis of photos. While the professional community may
have reservations about relying entirely on AI for diagnoses,
its role in offering support and preliminary assessments could
be invaluable. This assistance could help bridge the gap in
service provision, ensuring that more patients receive timely
and effective care.
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Figure 2. Workflow from patient submission to professional evaluation.

Phase 1: Participants and Recruitment Process
In the first phase of our study, we engaged in interviews with
9 podiatrists from 4 distinct practices, aiming to gather diverse
insights into the use and perception of the health care app in
question. The actual use of the current app varied considerably
among participants, encompassing some who used the app daily
and others who, while not yet current users, were familiar with
its functionalities. Furthermore, participants’ professional
expertise spanned different aspects of podiatric care, including
both foot care for patients with diabetes and general foot health
services.

The recruitment of participants was facilitated through a
collaborative effort with the Fontys University of Applied
Sciences, one of the leading institutions for podiatry education
in the Netherlands. This collaboration was essential for 2
reasons. First, Fontys University maintains strong ties with its
alumni, many of whom stay actively engaged with the university
through professional networks, alumni events, and workshops.
Second, Fontys University’s Health Innovations & Technology
research group maintains regular collaborations with health care
institutions, ensuring strong connections within the field.
Through these partnerships, we recruited a diverse group of
motivated podiatrists who voluntarily participated in the study.
By using Fontys University’s network and its respected position
within the field, we ensured the participation of podiatrists with
varying levels of experience and expertise across different areas
of podiatric care, contributing to a representative sample for
our study. To accommodate our participants’ varying schedules
and preferences, the interviews were conducted using a hybrid
approach; some were held in person, taking advantage of the
natural setting of the participants’ practice environments, while
others were carried out through the Teams (Microsoft Corp)
platform.

Data Collection
We started an extensive literature review on trust in AI, both
generally and within the health care context, from which we
identified key topics. These topics were categorized into 4
groups as follows: knowledge of AI, trust in humans and AI
advice, AI’s added value to daily tasks, and factors affecting
trust in AI. On the basis of these categories and codes, we
formulated initial interview questions. Next, we sought feedback
on these initial questions from experts in human and machine
interaction. We incorporated their feedback and refined the
questions to ensure their relevance and comprehensiveness. To
validate the clarity and comprehensiveness of these questions,
we conducted a preliminary interview with an experienced
podiatrist. This pilot interview served to ensure the questions
were understandable and relevant for the prospective
interviewees, and it also provided an opportunity to identify
any missing questions from the practical perspective of podiatry.
The resulting interview guide is detailed in Multimedia
Appendix 1.

Participants were briefed on the study’s objectives—namely,
to explore their perceptions of AI, identify factors influencing
trust in AI among podiatrists, examine the impact of trust on
AI adoption, and assess their needs for trusting AI in patient
care. They were requested to share demographic information
via a link before the interview sessions. The specific interview
questions were withheld in advance to preserve the authenticity
of responses. The interviews were conducted from July to
September 2023.

Consent for recording was obtained from all podiatrists, with
the sessions captured either on a voice recorder or through the
Teams platform, depending on the interview format. These
recordings were transcribed verbatim, using Amberscript [23]
for efficiency and accuracy. For interviews conducted on the
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Teams platform, we leveraged the platform’s transcription
functionality. Each interview spanned approximately 30 to 45
minutes, with podiatrists having provided explicit consent, either
written or digital, for participating and recording their responses.
They were also assured of their right to withdraw from the study
at any time.

Data Analysis of the Semistructured Interviews
We used a dual-coding strategy, where 2 researchers
independently analyzed the interview transcripts to ensure a
robust examination of the data. Researcher 1 (MAT), a PhD
candidate with a solid background in qualitative research
methodologies, and researcher 2 (Ruben Gloudemans) used
distinct software tools for coding—Atlas.ti (version 11; Atlas.ti
Scientific Software Development GmbH) and QDA-Miner
(version 6.0; Provalis Research). This divergence in tool use
stemmed from their prior experiences and the software licenses
available.

Following the thematic analysis by Braun and Clarke [24], we
initiated our analysis by thoroughly reading the transcripts to
gain an initial understanding and verify their accuracy. First,
we labeled the transcripts without predefined categories, using
an inductive approach leading to an extensive list of initial codes
directly derived from the data. For example, codes such as
human interaction, urgency ranking, efficiency, risk detection,
and false advice were formed. We then examined these initial
codes to determine if they overlapped with the topics we had
previously identified from the literature and combined them if
needed. For example, urgency ranking and risk detection were
put together since both are related to the topic added value of
AI. In this step, we started a deductive approach, where we
applied existing theoretical frameworks to refine our codes into
coherent themes. We repeated this analytical process several
times, refining our approach each time to ensure the emergence
of concrete themes. This process yielded a preliminary set of
themes.

Subsequently, our individually identified themes were compared
in a meeting, discovering significant overlap. For some themes
where our interpretations initially diverged, we reached
consensus through discussion, using inductive and deductive
reasoning. These discussions revealed that, despite using
different terminologies, we were referring to the same thematic
content. Our thematic analysis was refined further through this
iterative process of inductive and deductive coding.

Mock-Up Design
Guided by our research question on how AI can effectively
integrate into the FootCheck app’s existing screening process
with user acceptance, we sought the podiatrists’ insights on how
they would like to receive advice and in which forms to ensure
their confidence in it. Various suggestions emerged, such as
explaining the reasoning behind the advice, photos pinpointing
potential complications on the feet, and color-coding systems
for triage. However, the first phase did not conclusively
determine which forms of applications and the level of
transparency would foster greater trust.

To further explore these possibilities, we organized a focus
group featuring mock-ups. Presenting a realistic representation
was crucial, particularly considering that currently, the app and
its screening process do not use AI.

1. The first mock-up was designed to assess the effectiveness
of AI in a supportive role, specifically in scheduling and
prioritizing patient consultations based on an array of time
indicators.

2. The second mock-up aimed to explore the potential of AI
in diagnosing conditions by analyzing photographs
submitted by users and identifying common foot
complications such as ulcers or calluses.

We aimed to delve deeper into assessing these AI roles by
examining their functionality and acceptability among
podiatrists. We crafted 3 distinct design variations for each
mock-up to achieve this, guided by needs and concerns
expressed in the first interviews with the podiatrists. Our primary
reason for this approach was to facilitate a broad discussion by
presenting transparency levels varying from low to medium to
high. This method allowed us to not only compare the
discussions across different AI applications but also delve into
the discussions within each level of transparency. Thereby, we
aimed to explore the range in podiatrists’ perceptions and
acceptance extensively.

In designing these mock-ups, we used the current interface
environment to ensure familiarity for users. In addition, we
consulted with experts during the design process to ensure the
mock-ups were practical and reflective of current best practices
in the field. For an illustration of mock-up 1 with a high
transparency level, see Figure 3; for the diagnostic mock-up set
in a medium transparency, refer to Figure 4. For a detailed
overview of all variants, refer to Multimedia Appendix 2.
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Figure 3. Mock-up 1: high-transparency variant.

Figure 4. Mock-up 2: medium-transparency variant.

Phase 2: Participants and Recruitment Process
Phase 2 was aimed at enriching our understanding and validating
the outcomes of the first phase. Initially, we used the same
approaches that had effectively recruited participants for phase
1, including relying on Fontys University’s network and existing
partnerships within the podiatry field. We also reached out to
contacts from our previous interviews. However, these efforts
alone were insufficient to meet our needs for new participants
for phase 2. To broaden our reach, we engaged with potential

candidates on social media platforms such as LinkedIn
(LinkedIn Corp) and Facebook (Meta Platforms, Inc) and
attended podiatrist conferences to connect with new
professionals. Through these combined efforts, we recruited 4
new podiatrists who had not been involved in the first phase
and reinvited one participant from phase 1. The focus group
session was organized at the Fontys University of Applied
Sciences’ inspiration space in December 2023.
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Procedure for Focus Group and Data Collection
To evaluate our mock-ups, we created an interview guide on
essential topics derived from the findings of phase 1: trust in
AI’s role, transparency preferences, and AI’s effect on
decision-making, outlined in Multimedia Appendix 3. During
the focus group session, participants were thoroughly briefed
on the structure of the session that was divided into two
45-minute segments with a break in between. The first session
explored mock-up 1, while the second delved into mock-up 2.

The roles of MAT and Ruben Gloudemans within the session
were clearly defined for participants; MAT served as the
observer, summarizing discussions and posing questions,
whereas Ruben Gloudemans led the session and presented the
materials. Participants provided written consent by signing a
consent form.

After a brief introduction, participants were provided two
A3-sized sheets, each showcasing 3 mock-up variants
highlighting different transparency levels. Before initiating the
group discussions, participants were asked to individually rank
these variants from 1 to 3, with 1 being their top preference,
and to write down comments next to each variant explaining
their choices. This step was designed to minimize mutual
influence and ensure that each participant’s initial reactions and
thoughts were captured independently. Following this individual
reflection, detailed group discussions were held, focusing on
participants’ rationale regarding their preferences and trust in
the AI advice shown in each variant.

Data Analysis Focus Group
All participants attended in person for the data collection of
phase 2. Initially planned as two 45-minute segments with a
15-minute break in between, the session ultimately lasted 70
minutes in a single stretch. This was shorter than anticipated,
primarily because the first segment was concluded earlier than
expected, and participants opted to proceed without taking the
scheduled break.

We adopted a more structured coding method as we progressed
to the second phase, building on the codes and themes identified
in the first phase. This shift was enabled by implementing a

thematic framework approach, a systematic strategy that helped
us to systematically organize and interpret the data [25].

After verifying transcription accuracy and familiarizing
ourselves with the transcript, we developed an analytical
framework. This framework included predefined themes from
phase 1: AI’s roles, transparency levels, data reliability, trust
development, and the significance of human interaction. This
step laid the groundwork for indexing, where we systematically
tagged the data with our framework’s themes. Next, through
charting, we distilled participants’ responses into structured
summaries, aligning them with the thematic framework. In the
indexing and charting phase, we organized the data into themes
linked to our research goals, creating visual charts. This
approach helped us spot patterns and differences, uncovering
insights that enhanced our understanding.

Ethical Considerations
No medical devices were used in the studies, and no physical
interventions were performed on participants. The image used
in mock-up 2 originated from publicly available internet sources
and was appropriately licensed. Consequently, under regulations
stipulated by the Dutch Medical Research Involving Human
Subjects Act (WMO), the necessity for ethics approval from a
national ethics committee was circumvented. However, ethical
clearance was proactively obtained from the internal ethics
committee of Fontys University of Applied Sciences,
documented under project numbers 050324 and 080324. There
were no conflicts of interest between the participants and the
FootCheck app. None of the participants had any financial,
developmental, or other professional ties to the app.

Results

Phase 1: Semistructured Interviews

Participants
Participant demographics for phase 1 are listed in Table 1. In
total, 9 individuals, all with backgrounds in podiatry,
participated in the first phase of our study. A distinguishing
characteristic of this cohort is their active engagement in clinical
practice, that is, their extensive practical experience.
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Table 1. Participants’ characteristics from semistructured interviews in phase 1 (n=9).

Participants, n (%)Characteristics

Sex

7 (78)Female

2 (22)Male

Age group (y)

1 (11)20-30

2 (22)31-40

3 (33)41-50

2 (22)51-60

1 (11)61-70

Education level

4 (44)Bachelor’s

4 (44)Master’s

1 (11)PhD

Specialized education: foot care for patients with diabetes

4 (44)Yes

5 (56)No

Experience (mo)

1 (11)0-6

2 (22)6-12

4 (44)12-24

2 (22)24-36

Experience with the app

2 (22)Yes

7 (78)No

Themes From the Interviews
The interviews with podiatrists revealed 3 critical themes
regarding podiatrists’ perspectives and requirements for AI
integration in the FootCheck app and related decision-making

process: trust in human experts versus in AI, the added value
of AI, and the factors influencing trust in AI. Each theme is
further divided into 3 subthemes. A detailed overview of these
key themes can be found in Figure 5.
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Figure 5. Generated themes and subthemes from phase 1: perspectives of experienced podiatrists on the FootCheck app and decision-making process.
AI: artificial intelligence.

Theme 1: Trust in Experts Versus AI
In the initial phase of the interview, we began by asking
participants about their understanding of AI and their trust in it
compared with their colleagues (ie, experts). We aimed to
uncover how AI impacts their trust levels and the underlying
reasons for these views.

Theme 1.1: Trust in Experts and Skepticism Toward
AI
Podiatrists expressed trust in the advice from expert colleagues,
on the basis of their extensive knowledge and experience. They
recognized that making mistakes is part of being human and
considered it normal for colleagues to err every now and then.
Conversely, when receiving advice from AI, direct trust is not
immediately established for most podiatrists. They maintained

a critical stance, emphasizing the need to verify the accuracy
of AI-generated advice:

I trust a colleague, sometimes blindly, because they
have much experience. [Participant 7, female, age
group 61-70 years]

I see the added value of AI advice. But I still want to
check it or have something alongside it. [Participant
2, female, age group 51-60 years]

I do have trust in advice from colleagues. I’ve
considered practical situations, and nine times out of
ten, I agree with them just fine. And there are always
nuanced differences because you see things slightly
differently with your experience, perspective, and
view. But let me put it this way: I firmly trust it.
[Participant 8, male, age group 41-50 years]
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Theme 1.2: Long-Term Trust Development
Participants indicated that AI may initially struggle to provide
accurate advice due to the limited data available and the learning
phase required for the model. They also mentioned their initial
lack of experience with using AI, which leads to uncertainty
about its performance. However, participants felt their trust can
increase as they gain more experience with the AI model:

In the beginning, I was sceptical, but as it sees and
evaluates more photos, my trust grows. [Participant
9, female, age group 20-30 years]

Yes, AI needs to prove itself first, and then it can add
value. [Participant 7, female, age group 61-70 years]

Indeed, my trust in AI would significantly increase if,
over time, the technology evolves to a stage where
the AI system is fully operational and applicable.
[Participant 6, female, age group 41-50 years]

Theme 1.3: Skepticism Regarding AI
Participants expressed significant concerns about the potential
errors an AI system might make and the severe consequences
that could arise from such mistakes. In addition, they highlighted
a notable limitation of AI: its inability to conduct physical
examinations on patients. Such examinations are often essential
for a thorough understanding of a patient’s foot health,
indicating a gap in AI’s capabilities in health care settings:

Yes, if a patient says: “I have pain in my foot, for
example, in the ankles.” Well, AI can’t see that or
physically feel or move it. [Participant 9, female, age
group 20-30 years]

We’re not talking about a patient getting advice to
buy Shoe A, and then they say it’s too big and buy
another shoe.... We’re talking about serious outcomes,
like the loss of a foot, a leg, or even a life, and that’s
a significant responsibility. [Participant 4, female,
age group 31-40 years]

The consequences are quite significant if you miss
something there. [Participant 7, female, age group
61-70 years]

Theme 2: Added Value of AI

Overview
In exploring AI’s potential impact on podiatry, we engaged
participants in discussions about integrating AI into their
everyday practice. This dialogue revealed 3 insightful
subthemes, each shedding light on AI’s role in enhancing
podiatric care. The following sections delve into these emergent
themes.

Theme 2.1: Distinction Between Supportive Tasks and
Diagnosis
Nearly all participants agreed that AI should be used for support
tasks such as triage. They highlighted that significant time is
spent retrieving missing information not provided by patients
and addressing issues with incorrect photo submissions that
impede accurate assessment. They were of the opinion that these
tasks could be efficiently managed by AI, thereby streamlining

the process and improving overall efficiency. However, opinions
varied on whether AI can diagnose foot conditions in patients
with diabetes. Most participants were of the opinion that AI is
incapable to do so, emphasizing the need for physical
examinations by human experts to come up with an accurate
diagnosis. They pointed out that photos fail to reveal crucial
details, such as hidden wounds beneath calluses, which are not
directly visible in pictures. Furthermore, participants noted the
importance of physically assessing the feet for swelling and
temperature variations (ie, warmth or coldness) that cannot be
discerned from photos alone:

If it can highlight specific areas of concern,
suggesting “pay attention here, this is alarming,”
then I do place my trust in it. [Participant 3, female,
age group 41-50 years]

AI can’t make complete diagnoses; you need to hold
the foot in your hands. [Participant 2, female, age
group 41-50 years]

I’m considering integrating a feature for predicting
situations where an immediate consultation is crucial
and distinguishing those from cases where it might
not be as urgent. [Participant 1, male, age group 41-50
years]

If it integrates well with practical needs, like photos
can be easily uploaded directly into the file, making
follow-up simpler. Yes, so it actually assists in your
work. [Participant 6, female, age group 41-50 years]

Theme 2.2: AI as a Learning Tool
Participants acknowledged the potential of AI as a valuable
learning tool, particularly for identifying unfamiliar diseases
and suggesting innovative treatment strategies. They expressed
optimism about AI’s ability to broaden their diagnostic and
therapeutic horizons:

Maybe the AI will uncover a disease pattern I haven’t
encountered before, offering me an opportunity to
expand my knowledge. [Participant 1, male, age group
41-50 years]

Hey, AI sees things differently, and that’s something
I can learn from. I do see the added value in that.
[Participant 5, female, age group 20-30 years]

In this light, I believe that when an AI indicates, “this
is the optimal treatment,” it becomes incredibly
fascinating. It prompts a collective inquiry: “Why
hadn’t this occurred to us before? Is this indeed the
correct approach? Or is there already a hospital
implementing this method?” [Participant 4, female,
age group 31-40 years]

Theme 2.3: Reducing Workload Through AI
Participants highlighted the health care sector’s challenge of
increasing workloads, worsened by a decreasing number of
podiatrists and a growing number of patients with diabetes.
There was widespread agreement on AI’s ability to alleviate
this load. By automating processes such as triage, AI can
significantly reduce the workload, freeing podiatrists to focus
on the more crucial parts of patient care:
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As the pressure continues to increase, I see AI as a
great tool to indeed perform a kind of triage to ensure
that the workload doesn’t become overwhelming.
[Participant 3, female, age group 41-50 years]

But yes, to be completely honest, looking towards the
future, we definitely need to reduce the workload;
otherwise, we’ll end up with even fewer people having
to help more individuals. [Participant 4, female, age
group 31-40 years]

Theme 3: Factors Influencing Trust

Overview
Finally, we delved into the pivotal elements that shape trust in
AI-provided advice. We also probed when participants might
be inclined to defer to AI’s judgment over their own. This
investigation unveiled 3 subthemes, each shedding light on the
interaction between humans and AI systems.

Theme 3.1: Transparency and Explainability of AI
All participants agreed that clear explanations and transparency
are essential, considering them as fundamental to trusting AI.
They wished to comprehend the methodology AI uses to arrive
at its recommendations. They proposed several methods to
enhance transparency, such as providing concise explanations
of the criteria AI uses for its evaluations, statistical performance
data, or visual aids such as photos with overlaying layers or
color coding:

I believe factors like the colour of the callus, the size
of the area, its location, and history also play a role.
Has there been a wound in that spot before? Yes,
things like that. [Participant 8, male, age group 41-50
years]

For example, I want to see a number of photos of the
foot along with some explanation about them. I want
to understand how the evaluation system is designed
and the data it uses. [Participant 2, female, age group
51-60 years]

It increases my confidence in knowing the sources
from which AI retrieves its information or the ones
I’ve provided to it. [Participant 1, male, age group
41-50 years]

Theme 3.2: Ensuring Reliability and Adequate
Training
Participants were of the opinion that AI should be advanced
enough from the beginning, emphasizing that a more extensive
database of photos would increase their trust in the system. They
would like AI to provide consistent advice, ideally on par with
a fellow podiatrist. Training was highlighted as a crucial element
for enhancing AI’s performance. In addition, understanding
who the designers are and the data used for training is considered
necessary. If participants know the designers are experts in their
field, they feel more confident in the AI tool’s reliability:

Well, if you’ve only input three things into it, I won’t
trust it. But if you’ve input 300,000 things, then at

some point, you really know better. [Participant 2,
male, age group 41-50 years]

Well, I’m not quite sure how that works, but if that’s
the case, then the people involved in setting it up need
to have the right background knowledge, the right
experience with the subject; they need to be
specialists, so to speak. [Participant 2, female, age
group 51-60 years]

Theme 3.3: The Value of Human Interaction
Participants emphasized that future AI applications must not
compromise their interaction with patients, highlighting each
patient’s uniqueness and background. They cautioned that AI
may not always account for these personal nuances, underlining
the importance of maintaining the human touch in health care:

I still believe that personal human contact will never
disappear. [Participant 3, female, age group 41-50
years]

All those kinds of things. Yes, they’re slightly different
for everyone. [Participant 1, male, age group 41-50
years]

But you still maintain human contact between the
client and yourself, allowing them to easily ask
additional questions, for instance, to you. [Participant
5, female, age group 61-70 years]

Moving From Phase 1 to Phase 2
The findings from phase 1 revealed that AI can significantly
improve various practical aspects of podiatry, particularly by
alleviating workloads and serving as a learning tool. A clear
preference was observed for using AI in supportive tasks rather
than diagnostic roles. This reflects a cautious attitude of
podiatrists toward AI-generated advice and raised the question:
Will AI support be more readily accepted in supportive than in
diagnostic tasks, and what factors influence this difference in
acceptance?

Therefore, phase 2 of our study sought to explore the specific
applications of AI in supportive versus diagnostic roles within
podiatry in detail. Given the ongoing reluctance toward its role
in diagnostics, this study aimed to understand the elements that
can foster trust in AI for supportive tasks. By introducing a new
group of podiatrists, phase 2 of our study aimed to gather fresh
insights and assess whether the findings observed in phase 1
align with new professional perspectives.

Phase 2: Focus Group

Participants

Table 2 outlines an overview of the demographics of the focus
group participants. The group consisted of 5 participants, 4 of
whom were new podiatrists who engaged in the discussion. This
group consisted of specialists in foot care for patients with
diabetes, who primarily provide daily consultations to these
patients.
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Table 2. Participants’ characteristics from focus groups in phase 2 (n=5).

Participants, n (%)Characteristics

Sex

4 (80)Female

1 (20)Male

Age group (y)

2 (40)41-50

2 (40)51-60

1 (20)61-70

Education level

2 (40)Bachelor’s

3 (60)Master’s

Specialized in foot care for patients with diabetes

5 (100)Yes

0 (0)No

Experience (y)

4 (80)20-30

1 (20)31-40

Experience with the app

2 (40)Yes

3 (60)No

In phase 1 of our study, we opted for a flexible approach,
allowing themes to emerge directly from the transcribed data.
This exploratory phase enabled us to capture many insights
directly from participants’experiences and perspectives. Moving
into phase 2, we shifted toward a more structured approach,
using themes, which were relevant for phase 2 and predefined
in phase 1. This transition allowed us to refine our analysis,
focusing on the detailed examination of specific, predetermined

themes to gain deeper insights and understanding of the topics
at hand.

For a clear overview, we first present the key findings from the
participants about various transparency levels for the 2 mock-ups
in Table 3. Subsequently, in Table 4, we display the other
themes carried forward from phase 1 for further analysis in
phase 2, ensuring a comprehensive and structured exploration
of the data.
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Table 3. Thematic framework analysis for key findings and preferences of transparency levels in AIa applications.

Mock-up 2: AI diagnosis (photo analysis)Mock-up 1: AI support (triage and scheduling)Theme: transparency and explainability of AI

Feedback indicates general dissatisfaction and a
lack of clarity on how AI reaches its conclusions

Podiatrists perceive this variant as a “black box,”
with unclear determination of urgency and rele-
vance of the presented information

Low (variant A)

P4 and P5 (n=2)—bFirst preference

——Second preference

P1-P3 (n=3)P1-P5 (n=5)Third preference

While the text is deemed acceptable, this variant
raises questions about the necessity of repeating
information

Podiatrists express concerns over the reliability
of patient feedback as input for AI, pointing out
a lack of crucial information such as wound loca-
tion

Medium (variant B)

——First preference

P1-P5 (n=5)P1-P5 (n=5)Second preference

——Third preference

Podiatrists appreciate the clarity and added layer
of understanding this variant provides but question
the necessity of certain statistics, such as a relia-
bility percentage

Preference is given to detailed information, includ-
ing specific medical details and clear patient
identification

High (variant C)

P1-P3 (n=3)P1-P5 (n=5)First preference

——Second preference

P4 and P5 (n=2)—Third preference

aAI: artificial intelligence.
bNot applicable.

Table 4. Thematic framework analysis for AIa applications and predefined themes.

Participant 5 (female;
age group 61-70 y)

Participant 4 (female; age
group 51-60 y)

Participant 3 (male;
age group 41-50 y)

Participant 2 (female;
age group 41-50 y)

Participant 1 (female;
age group 51-60 y)

Themes

Asserts that computers
cannot replace human
nuanced observation in
diagnostics, emphasiz-
ing AI’s use in triage

Believes AI is incapable
of handling complex diag-
nostic tasks, such as dif-
ferentiating between
types of wounds

Values AI’s ability to
prioritize photos
based on urgency, en-
hancing patient care
efficiency

—bPrefers AI for triage
due to speed and accura-
cy. Skeptical about diag-
nostic capability with-
out physical examina-
tion

Distinction between
supportive tasks and
diagnosis

Trust depends on
knowing the AI’s ad-
vice is based on an ex-
tensive and diverse
photo database

Questions the repetitive
mention of the photo
database size suggest it
is only necessary in
training

Importance of data di-
versity, including
training AI on poor-
quality photos

Trust is reinforced by a
large volume of photos,
indicating data reliabili-
ty

Values the volume of
feedback, similar to
how reviews inform va-
cation choices

Ensuring reliability
and adequate train-
ing

Anticipates a future
shift in acceptance of
AI’s advice, especially
without a photo, within
a decade

—Initial skepticism
evolves into trust after
multiple positive expe-
riences

Trust in the algorithm
grows over time with
proven accuracy

—Long-term trust de-
velopment

Stresses the irreplace-
able role of human in-
volvement in making
accurate diagnoses

Asserts that physical
tools and examination are
indispensable for accu-
rate diagnostics

———The value of human
interaction

aAI: artificial intelligence.
bNot applicable.

For the frameworks (Tables 3 and 4), instead of using quotes
from focus group participants, we chose to provide summaries
of the key findings, following the common practice in thematic
framework analysis. By creating summaries, we were able to

handle the complex discussion, which involved a record with
7 speakers, more easily.
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Interpretations of Thematic Framework Analysis

On the basis of the thematic framework analysis of podiatrists’
preferences for AI integration in clinical settings, a clear pattern
emerges regarding the desired application and form of
transparency in AI systems for triage. Podiatrists prefer using
AI in triage, emphasizing the importance of transparency that
goes beyond just being open. They are looking for a kind of
transparency that involves clinically relevant and detailed
information—such as patient history, specific conditions such
as the presence of vascular diseases, and exact wound
locations—that significantly augment the decision-making
process:

The added value for me is that the ranking is done by
the AI, so photos are prioritised based on urgency.
[Participant 3, male, age group 41-50 years]

My preference is for triage; an AI can perform it much
faster than a human. Well, I believe that AI is capable
of making a risk assessment. [Participant 1, female,
age group 41-50 years]

Key abnormalities must be quickly recognised and
addressed, achievable through triage. [Participant 5,
female, age group 61-70 years]

In the domain of triage, skepticism toward patient-reported data
as the sole basis for AI-generated advice is evident (eg, medium
transparency mock-up 1). The concern centers on the reliability
of such data, highlighting a preference for AI systems that
incorporate a comprehensive training dataset to inform their
assessments. This reflects a broader apprehension regarding the
accuracy of AI recommendations based on potentially
incomplete or inaccurate patient self-assessments:

I’m not entirely convinced by the patients’responses.
If they say they have a wound on their feet, then yes,
I might believe it, but if they don’t have a wound, I’m
sceptical. [Participant 1, female, age group 41-50
years]

Patients often do not have a clear understanding of
complications. [Participant 3, male, age group 41-50
years]

Podiatrists recognize the potential benefits but are cautious
regarding the use of AI for diagnostic applications, particularly
those involving the analysis of photographic evidence of foot
conditions. This caution is based on the understanding that
certain conditions cannot be fully diagnosed through images
alone, emphasizing the need for AI systems to supplement rather
than replace traditional diagnostic methods:

Computers can’t replace humans in diagnostics,
especially not for tasks requiring nuanced
observation, like identifying underlying issues beneath
a callus that AI might miss. [Participant 5, female,
age group 61-70 years]

AI is incapable of making diagnoses. AI cannot handle
complex conditions like distinguishing between warm
and cold wounds. [Participant 4, female, age group
51-60 years]

Even a human can’t make a diagnosis just from an
image. The foot needs to be examined in person and
potentially opened up for an accurate assessment.
[Participant 1, female, age group 41-50 years]

The desired level of transparency in diagnostic AI varies among
podiatrists. While some value additional explanatory features,
such as annotated images or textual diagnostics, others caution
against the potential for such features to overly focus attention
on a specific area, possibly leading to the overlooking of
important symptoms in other areas. This division highlights the
need for a careful balance in using AI; while it is beneficial to
receive detailed, actionable insights, it is crucial to ensure that
these insights do not overshadow the importance of using one’s
own professional knowledge and experience in decision-making:

Works well for me; the layer aids in understanding
the basis of the text. [Participant 3, male, age group
41-50 years]

Also, here, the text is okay. I also like the layer, so
now I know what the text is referring to. [Participant
1, female, age group 41-50 years]

The explanatory text doesn’t interest me much; I’ll
take it on faith what it’s based on. [Participant 4,
female, age group 51-60 years]

And that layer, I can see that for myself, too. Adding
a layer can also be risky; I see even more things, and
now AI dictates where I should look. A less
experienced podiatrist might then focus solely on that.
[Participant 5, female, age group 61-70 years]

In addition to emphasizing transparency in integrating AI into
clinical podiatry practice, our analysis has other predefined
themes within the framework (Table 4). These themes enrich
our understanding of how AI can be effectively applied in triage
and diagnostics, emphasizing the need for clear, actionable
insights and the importance of trust and data reliability as
foundational elements. Reflecting on the preferences expressed
by podiatrists, it becomes apparent that alongside transparency
and explainability, considerations around data reliability, human
interaction, trust development, and trust establishment align
with sentiments from the first phase of our study.

However, we have defined 3 additional themes that resonated
strongly with the initial input for transparency and explainability.
Figure 6 presents a comprehensive overview of all the themes,
including the 3 subthemes (ie, 3.1.1: Training Versus Repetition;
3.1.2: Preference for Visual Data; and 3.1.3: Clarity on AI
Operations) and their implications for integrating AI into
podiatry. The following sections detail these additional
subthemes further.
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Figure 6. Generated themes and subthemes from phases 1 and 2: perspectives of experienced podiatrists on the FootCheck app and decision-making
process. AI: artificial intelligence.

Subtheme 3.1.1: Training Versus Repetition

While participants in phase 1 primarily highlighted concerns
among podiatrists regarding data reliability, phase 2 revealed
a nuanced understanding of how and when this information
should be introduced. This is particularly relevant during the
initial training sessions where podiatrists are first taught how
to use the AI system. Feedback on mock-up 2 indicated that
emphasizing data reliability in every AI recommendation is not
always seen as necessary. Some participants supported this
viewpoint, while others preferred having this information
included. In addition, there was consensus that explanations
should offer insights beyond basic knowledge, aiming to
augment understanding rather than merely repeat well-known
information:

In the introduction (training), mention somewhere
that the data is based on 5000 photos, but that doesn’t
need to be in every piece of advice. [Participant 4,
female, age group 51-60 years]

I expect an AI to be backed by a vast photo database,
so it’s unnecessary to reiterate that point for me.
[Participant 5, female, age group 61-70 years]

The text is helpful; it lets me know what the AI is
based on. [Participant 3, male, age group 41-50 years]

Subtheme 3.1.2: Preference for Visual Data

There is a significant inclination toward incorporating visual
data alongside algorithmic risk assessments. Participants

consider combining photos with textual advice crucial,
enhancing their ability to make knowledgeable decisions. The
need for visual confirmation to solidify trust in AI-generated
advice is highlighted, with participants expressing reservations
about relying entirely on text-based recommendations. Although
color-coded elements are appreciated for their clarity, the facility
to view photos directly via pop-ups is deemed essential for
building confidence in the advice provided:

The colour coding in mock-up 1 is helpful, but I’d
prefer to see the photos appear as pop-ups.
[Participant 4, male, age group 41-50 years]

Just text, without a photo, doesn’t inspire my trust.
[Participant 3, female, age group 51-60 years]

It seems like a small ask to quickly review the photo
for a better trust in the advice. [Participant 4, female,
age group 51-60 years]

Subtheme 3.1.3: Clarity on AI Operations

Podiatrists highlight the necessity for transparency regarding
the process behind AI-generated advice, which is essential for
building trust and enabling users to understand when and how
to rely on these recommendations. Opinions vary on the best
way to present this information, with some finding objective
data in photos and layered visuals helpful for understanding the
advice’s basis, as seen in mock-up 2. Others question the
interpretability of numerical data, such as “73%,” without seeing
the patient in person:
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Now, with a photo and layer, the information is more
objective; you know what the text is about.
[Participant 3, male, age group 41-50 years]

I appreciate it, as then I know what it’s based on,
mock-up 2. [Participant 1, female, age group 51-60
years]

Discussion

AI in Supportive Roles Versus Diagnostic Tasks
Our study aimed to discern the multifaceted roles AI could
assume in health care, specifically focusing on how AI can be
effectively integrated into practice in a way that ensures health
care professionals’ acceptance and trust in its advice. The
findings from our studies suggest a preference for deploying
AI in supportive roles. For instance, AI’s use in triaging
processes is evident; by evaluating submitted photos for urgency,
AI can advise health care providers in prioritizing patient
consultations. This enables a more efficient allocation of
resources, ensuring that patients requiring urgent care receive
it promptly, while less-critical cases are appropriately prioritized.
Such applications align with and enrich suggestions from the
literature, including studies by Verma et al [10] and Longoni
et al [5], suggesting the supportive use of AI to foster trust
within health care settings. However, a contrasting perspective
is presented in another experiment by Longoni et al [5], where
preference leans toward human expertise over automated
systems for triage tasks. This discrepancy from our findings
may stem from differing viewpoints, with the study results of
Longoni et al [5] being based on patient perspectives, whereas
our study was performed among health care providers.

Another critical insight from our study highlights health care
professionals’hesitancy to embrace AI for diagnostic purposes,
a sentiment that aligns with previous research findings
[5,7,9,10,18]. While there is acknowledgment of AI’s
proficiency in critical functions, such as making diagnoses, with
results that match or even surpass human expertise, there
remains skepticism among participants about AI’s current
proficiency in performing these tasks accurately. The observed
reluctance may stem from unfamiliarity with the full scope of
AI’s capabilities, as evidenced by the fact that particularly
participants without prior AI experience expressed reservations.
Moreover, the conversations uncovered that identifying
conditions such as diabetic foot complications poses distinct
obstacles for AI. The participants pointed out that superficial
evaluations, such as analyzing diabetic wounds via photographs,
could be inadequate without the physical removal of calluses
to reveal the actual problem, an action AI is incapable of without
a physical examination. This underlines the importance of direct
human interaction in specific diagnostic processes, highlighting
limitations in the potential application of AI.

Algorithm Aversion Among Podiatrists
The observed phenomenon of algorithm aversion among
podiatrists, particularly their preference for human expertise
over AI-generated recommendations, reflects a trend noted
across various fields where AI competes with human judgment
[26-29]. For example, Önkal et al [30] demonstrated a similar
inclination among forecasters to favor expert opinions in

forecasting decisions. A notable factor contributing to this
aversion is the concern over mistakes made by AI systems [26],
with our podiatrists voicing worries about the grave
repercussions of such errors, including the risk of limb
amputation. Although the significance of decisions ranges from
health care to forecasting tasks in logistics, the underlying dread
of AI-induced errors remains pervasive.

However, in our studies, this aversion was primarily directed
at diagnostic tasks rather than supportive functions. Participants
expressed confidence in the expertise and experience of their
colleagues but also showed openness to considering
AI-generated advice for tasks such as triage. This nuanced view
suggests a complex relationship between podiatrists and AI,
where trust may be contingent on the specific task at hand and
the perceived reliability of AI in enhancing rather than replacing
human judgment.

Transparency and Explainability
The discussions surrounding transparency and explainability in
our studies mirrored the diversity of perspectives found in the
broader literature on these subjects [12,14,19]. The need for
explanation and transparency depends significantly on
podiatrists’ individual preferences. Our study provides 3 key
insights regarding the implementation of explainability and
transparency in AI systems.

First, precise and valuable explanations that avoid redundancy
are essential for enhancing user understanding and trust in AI.
Second, visual aids alongside textual advice can boost
confidence in AI recommendations more than text alone, by
making the motivation behind complex decisions more
accessible. Finally, it is important to remind users to balance
AI advice with their professional judgment, highlighting the
crucial role of human oversight in AI decision-making.

However, these discussions were particularly animated regarding
the scenario involving AI-generated diagnoses, where
participants displayed heightened criticality toward the
information received from AI. This suggests that individuals
are particularly cautious about relying on AI for diagnostic
tasks, scrutinizing the transparency and explainability of such
systems with greater intensity. Interestingly, these issues were
less extensively debated in contexts involving AI for supportive
tasks. This observation highlights an area for future research.

Development of Trust Over Time
Most participants indicated a higher level of trust in their
colleagues than in AI systems, suggesting that trust in AI might
evolve positively with increased exposure and evidence of AI’s
efficacy. However, this remains speculative, as our participants
have not extensively experimented with AI in their professional
practice. The notion that repeated interactions with AI could
enhance trust aligns with existing literature [31,32]. This area,
highlighting the dynamic interplay between growing familiarity
with AI and the shifting landscape of trust and reliance, remains
underexplored in our studies and represents a fruitful avenue
for further research.
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Strengths and Limitations
Our research is strengthened by several methodological
approaches that enhance the credibility of our findings. The
employment of 2 independent researchers for parallel data
coding in both studies significantly contributed to the reliability
of our results, as evidenced by the substantial agreement in their
coding outcomes [33].

The relatively small sample sizes of 9 podiatrists in the first
phase and 5 in the second phase may seem to be a limitation
for generating general conclusions. However, qualitative
research often reaches a point of data saturation, where small
samples are already sufficient to uncover dependable themes.
In our study, we observed that no new codes or themes emerged
after 7 interviews in the first phase, indicating that data
saturation had been reached. This aligns with the findings of
Guest et al [34], who noted that most codes are identified within
the first 6 interviews. Guest et al [35] also supported this by
providing a systematic method for assessing saturation, further
validating our sample size.

The significant expertise of the podiatrists involved, that is, all
specialists in the area considered, adds depth to our insights and
strengthens the credibility of our findings. In addition, the

second phase, with mostly new participants, confirmed the
results of phase 1. By focusing on how AI might be more
accepted in supportive tasks compared with diagnostic tasks,
we were able to further validate the earlier findings and ensure
that no new themes emerged, indicating that saturation had been
reached.

Conclusions
In conclusion, the findings reveal podiatrists’ complex attitudes
toward AI in health care, demonstrating openness to AI
assistance for supportive tasks while being cautionary regarding
its application for diagnostics. This underscores the necessity
for developers and policy makers to prioritize trust-building
strategies, starting with opportunities that allow podiatrists to
experience firsthand how AI can support their role. Such initial
experiences could clarify AI’s benefits and capabilities to users,
reduce perceived threats, and facilitate a smoother transition
toward acceptance. With a foundation of trust established
through the application of AI for supportive tasks, podiatrists
may become more receptive to exploring AI’s potential for
diagnostic tasks. Gradually expanding AI’s role from
foundational tasks, including decision support, to areas requiring
deeper trust, such as diagnostics, could enhance acceptance and
integration of AI technologies in podiatric practice.

 

Acknowledgments
The authors extend their heartfelt gratitude to all individuals who generously shared their insights and experiences, making this
research possible. Special thanks are extended to Ruben Gloudemans for his invaluable assistance with conducting interviews,
engaging in thorough analyses and participating in wide-ranging discussions that significantly enriched this work. The authors
appreciate RondOm Podiatrists for providing access to the FootCheck app, an essential resource for our study. This work is part
of the project Vertrouwen in Algoritmes (project number 023.017.109), under the auspices of the Promotiebeurs voor Leraren
program, generously funded by the Dutch Research Council (NWO). Additionally, this study was part of the Technology Support
for Diabetes project, which is subsidized by SIA RAAK EXZ.EXZ.01.004. The research efforts of the authors were greatly
supported by these contributions, for which they are profoundly grateful.

Data Availability
The corresponding author will make the datasets supporting these studies available upon reasonable request.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Interview guide used in phase 1.
[DOCX File , 20 KB - humanfactors_v12i1e59010_app1.docx ]

Multimedia Appendix 2
Mock-ups used in phase 2.
[DOCX File , 1981 KB - humanfactors_v12i1e59010_app2.docx ]

Multimedia Appendix 3
Interview guide used in phase 2.
[DOCX File , 16 KB - humanfactors_v12i1e59010_app3.docx ]

References

JMIR Hum Factors 2025 | vol. 12 | e59010 | p.1176https://humanfactors.jmir.org/2025/1/e59010
(page number not for citation purposes)

Tahtali et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=humanfactors_v12i1e59010_app1.docx&filename=a1111f93b6989f3f0d4181d703b06119.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e59010_app1.docx&filename=a1111f93b6989f3f0d4181d703b06119.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e59010_app2.docx&filename=4ecdc0ea1e997bb44c73e5e07506c52f.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e59010_app2.docx&filename=4ecdc0ea1e997bb44c73e5e07506c52f.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e59010_app3.docx&filename=5c0d51ab88aa02a380509b6fe8a7285a.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e59010_app3.docx&filename=5c0d51ab88aa02a380509b6fe8a7285a.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/


1. Bazazeh D, Shubair R. Comparative study of machine learning algorithms for breast cancer detection and diagnosis. In:
Proceedings of the 5th International Conference on Electronic Devices, Systems and Applications. 2017 Presented at:
ICEDSA '16; December 6-8, 2016; Ras Al Khaimah, United Arab Emirates p. 1-4 URL: https://ieeexplore.ieee.org/document/
7818560 [doi: 10.1109/icedsa.2016.7818560]

2. Ayers JW, Poliak A, Dredze M, Leas EC, Zhu Z, Kelley JB, et al. Comparing physician and artificial intelligence chatbot
responses to patient questions posted to a public social media forum. JAMA Intern Med 2023 Jun 01;183(6):589-596 [FREE
Full text] [doi: 10.1001/jamainternmed.2023.1838] [Medline: 37115527]

3. Eriksen AV, Möller S, Ryg J. Use of GPT-4 to diagnose complex clinical cases. NEJM AI 2024 Jan 11;1(1):24. [doi:
10.1056/aip2300031]

4. Meng Y, Sun J, Qu N, Zhang G, Yu T, Piao H. Application of radiomics for personalized treatment of cancer patients.
Cancer Manag Res 2019;11:10851-10858 [FREE Full text] [doi: 10.2147/CMAR.S232473] [Medline: 31920394]

5. Longoni C, Bonezzi A, Morewedge CK. Resistance to medical artificial intelligence. J Consum Res 2019;46(4):629-650.
[doi: 10.1093/jcr/ucz013]

6. Promberger M, Baron J. Do patients trust computers? J Behav Decis Mak 2006 Nov 24;19(5):455-468. [doi: 10.1002/bdm.542]
7. Seitz L, Bekmeier-Feuerhahn S, Gohil K. Can we trust a chatbot like a physician? A qualitative study on understanding

the emergence of trust toward diagnostic chatbots. Int J Hum Comput Stud 2022 Sep;165:102848. [doi:
10.1016/j.ijhcs.2022.102848]

8. Naik N, Hameed BM, Shetty DK, Swain D, Shah M, Paul R, et al. Legal and ethical consideration in artificial intelligence
in healthcare: who takes responsibility? Front Surg 2022 Mar 14;9:862322 [FREE Full text] [doi: 10.3389/fsurg.2022.862322]
[Medline: 35360424]

9. Juravle G, Boudouraki A, Terziyska M, Rezlescu C. Trust in artificial intelligence for medical diagnoses. Prog Brain Res
2020;253:263-282. [doi: 10.1016/bs.pbr.2020.06.006] [Medline: 32771128]

10. Verma H, Mlynar J, Schaer R, Reichenbach J, Jreige M, Prior J, et al. Rethinking the role of AI with physicians in oncology:
revealing perspectives from clinical and research workflows. In: Proceedings of the 2023 CHI Conference on Human
Factors in Computing Systems. 2023 Presented at: CHI '23; April 23-28, 2023; Hamburg, Germany p. 11-52 URL: https:/
/dl.acm.org/doi/fullHtml/10.1145/3544548.3581506 [doi: 10.1145/3544548]

11. Logg JM, Minson JA, Moore DA. Algorithm appreciation: people prefer algorithmic to human judgment. Organ Behav
Hum Decis Process 2019 Mar;151:90-103. [doi: 10.1016/j.obhdp.2018.12.005]

12. Naiseh M, Al-Thani D, Jiang N, Ali R. How the different explanation classes impact trust calibration: the case of clinical
decision support systems. Int J Hum Comput Stud 2023 Jan;169:102941. [doi: 10.1016/j.ijhcs.2022.102941]

13. Panigutti C, Beretta A, Giannotti F, Pedreschi D. Understanding the impact of explanations on advice-taking: a user study
for AI-based clinical decision support systems. In: Proceedings of the 2022 CHI Conference on Human Factors in Computing
Systems. 2022 Presented at: CHI '22; April 29-May 5, 2022; New Orleans, LA p. 1-9 URL: https://dl.acm.org/doi/10.1145/
3491102.3502104 [doi: 10.1145/3491102.3502104]

14. Alam L, Mueller S. Examining the effect of explanation on satisfaction and trust in AI diagnostic systems. BMC Med
Inform Decis Mak 2021 Jun 03;21(1):178. [doi: 10.1186/s12911-021-01542-6] [Medline: 34082719]

15. Tucci V, Saary J, Doyle TE. Factors influencing trust in medical artificial intelligence for healthcare professionals: a
narrative review. J Med Artif Intell 2022 Mar;5:4. [doi: 10.21037/jmai-21-25]

16. Nagendran M, Festor P, Komorowski M, Gordon AC, Faisal AA. Quantifying the impact of AI recommendations with
explanations on prescription decision making. NPJ Digit Med 2023 Nov 07;6(1):206. [doi: 10.1038/s41746-023-00955-z]
[Medline: 37935953]

17. Prahl A, Van Swol L. Understanding algorithm aversion: when is advice from automation discounted? J Forecast 2017
Mar 24;36(6):691-702. [doi: 10.1002/for.2464]

18. Hallowell N, Badger S, Sauerbrei A, Nellåker C, Kerasidou A. "I don't think people are ready to trust these algorithms at
face value": trust and the use of machine learning algorithms in the diagnosis of rare disease. BMC Med Ethics 2022 Nov
16;23(1):112 [FREE Full text] [doi: 10.1186/s12910-022-00842-4] [Medline: 36384545]

19. Schwartz JM, George M, Rossetti SC, Dykes PC, Minshall SR, Lucas E, et al. Factors influencing clinician trust in predictive
clinical decision support systems for in-hospital deterioration: qualitative descriptive study. JMIR Hum Factors 2022 May
12;9(2):e33960 [FREE Full text] [doi: 10.2196/33960] [Medline: 35550304]

20. Lee JT, Hsieh CC, Lin CH, Lin YJ, Kao CY. Prediction of hospitalization using artificial intelligence for urgent patients
in the emergency department. Sci Rep 2021 Sep 30;11(1):19472 [FREE Full text] [doi: 10.1038/s41598-021-98961-2]
[Medline: 34593930]

21. Crampton NH. Ambient virtual scribes: Mutuo Health's AutoScribe as a case study of artificial intelligence-based technology.
Healthc Manage Forum 2020 Jan;33(1):34-38. [doi: 10.1177/0840470419872775] [Medline: 31522566]

22. Berings M, Arts M, Pelders D, Sirag S, Brankaert R, Nuijten E E. Technologie helpt diabetische voetenzorg vooruit. ICT
Health 2022 Apr 14;46(2):82-85 [FREE Full text]

23. Transform your audio and video to text and subtitles. Amberscript Global. URL: https://www.amberscript.com/en/ [accessed
2024-04-29]

JMIR Hum Factors 2025 | vol. 12 | e59010 | p.1177https://humanfactors.jmir.org/2025/1/e59010
(page number not for citation purposes)

Tahtali et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://ieeexplore.ieee.org/document/7818560
https://ieeexplore.ieee.org/document/7818560
http://dx.doi.org/10.1109/icedsa.2016.7818560
https://europepmc.org/abstract/MED/37115527
https://europepmc.org/abstract/MED/37115527
http://dx.doi.org/10.1001/jamainternmed.2023.1838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37115527&dopt=Abstract
http://dx.doi.org/10.1056/aip2300031
https://www.tandfonline.com/doi/abs/10.2147/CMAR.S232473?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.2147/CMAR.S232473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31920394&dopt=Abstract
http://dx.doi.org/10.1093/jcr/ucz013
http://dx.doi.org/10.1002/bdm.542
http://dx.doi.org/10.1016/j.ijhcs.2022.102848
https://europepmc.org/abstract/MED/35360424
http://dx.doi.org/10.3389/fsurg.2022.862322
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35360424&dopt=Abstract
http://dx.doi.org/10.1016/bs.pbr.2020.06.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32771128&dopt=Abstract
https://dl.acm.org/doi/fullHtml/10.1145/3544548.3581506
https://dl.acm.org/doi/fullHtml/10.1145/3544548.3581506
http://dx.doi.org/10.1145/3544548
http://dx.doi.org/10.1016/j.obhdp.2018.12.005
http://dx.doi.org/10.1016/j.ijhcs.2022.102941
https://dl.acm.org/doi/10.1145/3491102.3502104
https://dl.acm.org/doi/10.1145/3491102.3502104
http://dx.doi.org/10.1145/3491102.3502104
http://dx.doi.org/10.1186/s12911-021-01542-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34082719&dopt=Abstract
http://dx.doi.org/10.21037/jmai-21-25
http://dx.doi.org/10.1038/s41746-023-00955-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37935953&dopt=Abstract
http://dx.doi.org/10.1002/for.2464
https://bmcmedethics.biomedcentral.com/articles/10.1186/s12910-022-00842-4
http://dx.doi.org/10.1186/s12910-022-00842-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36384545&dopt=Abstract
https://humanfactors.jmir.org/2022/2/e33960/
http://dx.doi.org/10.2196/33960
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35550304&dopt=Abstract
https://doi.org/10.1038/s41598-021-98961-2
http://dx.doi.org/10.1038/s41598-021-98961-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34593930&dopt=Abstract
http://dx.doi.org/10.1177/0840470419872775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31522566&dopt=Abstract
https://rondompodotherapeuten.nl/artikel/technologie-helpt-diabetische-voetenzorg-vooruit
https://www.amberscript.com/en/
http://www.w3.org/Style/XSL
http://www.renderx.com/


24. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol 2006 Jan;3(2):77-101. [doi:
10.1191/1478088706qp063oa]

25. Collaço N, Wagland R, Alexis O, Gavin A, Glaser A, Watson EK. Using the framework method for the analysis of qualitative
dyadic data in health research. Qual Health Res 2021 May 13;31(8):1555-1564. [doi: 10.1177/10497323211011599]

26. Dietvorst BJ, Simmons JP, Massey C. Overcoming algorithm aversion: people will use imperfect algorithms if they can
(even slightly) modify them. Manag Sci 2018 Mar;64(3):1155-1170. [doi: 10.1287/mnsc.2016.2643]

27. Mahmud H, Islam AK, Ahmed SI, Smolander K. What influences algorithmic decision-making? A systematic literature
review on algorithm aversion. Technol Forecast Soc Change 2022 Feb;175:121390. [doi: 10.1016/j.techfore.2021.121390]

28. Castelo N, Bos MW, Lehmann DR. Task-dependent algorithm aversion. J Mark Res 2019 Jul 15;56(5):809-825. [doi:
10.1177/0022243719851788]

29. Burton JW, Stein MK, Jensen TB. A systematic review of algorithm aversion in augmented decision making. Behav Dis
Mark 2019 Oct 23;33(2):220-239. [doi: 10.1002/bdm.2155]

30. Önkal D, Goodwin P, Thomson M, Gönül S, Pollock A. The relative influence of advice from human experts and statistical
methods on forecast adjustments. Behav Decis Mark 2009 Feb 09;22(4):390-409. [doi: 10.1002/bdm.637]

31. Lim JS, O'Connor M. Judgmental forecasting with interactive forecasting support systems. Decis Support Syst 1996
Apr;16(4):339-357. [doi: 10.1016/0167-9236(95)00009-7]

32. Whitecotton SM. The effects of experience and a decision aid on the slope, scatter, and bias of earnings forecasts. Organ
Behav Hum Decis Process 1996 Apr;66(1):111-121. [doi: 10.1006/obhd.1996.0042]

33. Malterud K. Qualitative research: standards, challenges, and guidelines. Lancet 2001 Aug 11;358(9280):483-488. [doi:
10.1016/S0140-6736(01)05627-6] [Medline: 11513933]

34. Guest G, Bunce A, Johnson L. How many interviews are enough?: an experiment with data saturation and variability. Field
Methods 2006 Feb 01;18(1):59-82. [doi: 10.1177/1525822X05279903]

35. Guest G, Namey E, Chen M. A simple method to assess and report thematic saturation in qualitative research. PLoS One
2020 May 5;15(5):e0232076 [FREE Full text] [doi: 10.1371/journal.pone.0232076] [Medline: 32369511]

Abbreviations
AI: artificial intelligence
XAI: explainable artificial intelligence

Edited by E Borycki, A Kushniruk; submitted 30.03.24; peer-reviewed by S Sadler; comments to author 08.07.24; revised version
received 18.10.24; accepted 29.12.24; published 21.02.25.

Please cite as:
Tahtali MA, Snijders CCP, Dirne CWGM, Le Blanc PM
Prioritizing Trust in Podiatrists’ Preference for AI in Supportive Roles Over Diagnostic Roles in Health Care: Qualitative Interview
and Focus Group Study
JMIR Hum Factors 2025;12:e59010
URL: https://humanfactors.jmir.org/2025/1/e59010 
doi:10.2196/59010
PMID:

©Mohammed A Tahtali, Chris C P Snijders, Corné W G M Dirne, Pascale M Le Blanc. Originally published in JMIR Human
Factors (https://humanfactors.jmir.org), 21.02.2025. 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 JMIR Human Factors, is properly cited. The complete
bibliographic information, a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license
information must be included.

JMIR Hum Factors 2025 | vol. 12 | e59010 | p.1178https://humanfactors.jmir.org/2025/1/e59010
(page number not for citation purposes)

Tahtali et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1191/1478088706qp063oa
http://dx.doi.org/10.1177/10497323211011599
http://dx.doi.org/10.1287/mnsc.2016.2643
http://dx.doi.org/10.1016/j.techfore.2021.121390
http://dx.doi.org/10.1177/0022243719851788
http://dx.doi.org/10.1002/bdm.2155
http://dx.doi.org/10.1002/bdm.637
http://dx.doi.org/10.1016/0167-9236(95)00009-7
http://dx.doi.org/10.1006/obhd.1996.0042
http://dx.doi.org/10.1016/S0140-6736(01)05627-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11513933&dopt=Abstract
http://dx.doi.org/10.1177/1525822X05279903
https://dx.plos.org/10.1371/journal.pone.0232076
http://dx.doi.org/10.1371/journal.pone.0232076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32369511&dopt=Abstract
https://humanfactors.jmir.org/2025/1/e59010
http://dx.doi.org/10.2196/59010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Research Letter

Older Adults’ Experiences With an Online Survey

Kristie Rebecca Weir1,2, PhD; Yehya Maitah3, BS; Sarah E Vordenberg4, PharmD, MPH
1Sydney School of Public Health, Faculty of Medicine and Health, The University of Sydney, Sydney, Australia
2Institute of Primary Health Care (BIHAM), University of Bern, Bern, Switzerland
3Albany Medical College, Albany, NY, United States
4University of Michigan College of Pharmacy, Department of Clinical Pharmacy, Ann Arbor, MI, United States

Corresponding Author:
Kristie Rebecca Weir, PhD
Sydney School of Public Health
Faculty of Medicine and Health
The University of Sydney
City Road
Sydney, NSW 2006
Australia
Phone: 61 293512222
Email: kristie.weir@sydney.edu.au

Abstract

The study explored older adults' perceptions after participating in an online survey about medication decisions, finding that
approximately 80% of participants provided positive feedback about the research methodology and their experience.
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Introduction

Older adults are underrepresented in research, often due to
age-related biases and stringent exclusion criteria; this limits
generalizability and leaves knowledge gaps [1].

The increasing prevalence of online research has the potential
to increase older adult participation, given the rising internet
use among this demographic [2]. While research has primarily
focused on improving recruitment of older adults, an
understanding of their experiences of online research is needed
to effectively engage older people [3]. While most surveys
include some form of piloting, they rarely capture or share
participants’ perceptions of the research process. We sought to
explore older adults’perceptions after participating in an online
experimental survey, given the potential high accessibility of
this type of research.

Methods

Overview
We previously reported the main findings from a vignette-based
online experiment conducted among adults aged 65 years and
older from Australia, the Netherlands, the United Kingdom,
and the United States [4]. Participants were recruited for this
15-minute survey through a panel of internet users administered
by Qualtrics Research Panels. The study focused on contextual
factors influencing how older adults (mean age 71.5, SD 5.1
years) think about deciding to stop a cardiovascular disease
medication. In this study, we conducted a content analysis of
free-text comments (Textbox 1). The final analysis framework
included 17 codes that were subsequently consolidated into 14
themes. Descriptive statistics were used to assess the frequency
of each theme.
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Textbox 1. Summary of methodology for the content analysis.

1. A vignette-based online experiment was conducted among adults aged 65 years and older from Australia, the Netherlands, the United Kingdom,
and the United States using sampling quotas to ensure balanced representation by country and gender. This study was registered at ClinicalTrials.gov
(NCT04676282). At the end of the survey, participants were provided the opportunity to leave “any comments about this study.”

2. A content analysis was conducted among participants who received the vignette about a hypothetical patient, Mrs EF. Participants from the
Netherlands were excluded, as the study team for the content analysis was not fluent in Dutch.

3. Study authors read through the comments to inductively generate codes.

4. Two investigators (SEV and YM) independently coded comments, resulting in >80% agreement.

5. All discrepancies in codes were discussed until consensus was reached.

Ethical Considerations
The online experiment was registered at ClinicalTrials.gov
(NCT04676282) and was deemed exempt by the University of
Michigan Health Sciences and Behavioral Sciences Institutional
Review Board (HUM00183129); by extension, a waiver of
consent was granted. All data were collected anonymously.
Participants were compensated based on the terms of their panel
agreement.

Results

Participants (N=1789) most frequently did not provide any
feedback in the free-text comment field (n=784, 43.8%) or wrote

that they had no comments (n=487, 27.2%). Three participants
(0.2%) gave unclear statements.

Participants’comments (n=515, 28.8%) were primarily positive
(415/515, 80.6%), such as that the study was interesting
(116/515, 22.5%). Themes and representative quotes are
reported in Table 1. Participants said it made them think about
their health (80/515, 15.5%) and some participants shared further
health information about the study topic (48/515, 9.3%).
Participants provided feedback on how to improve the study,
categorized as question-specific comments (21/515, 4.1%),
general suggestions (12/515, 2.3%), or country-specific
comments (3/515, 0.6%). Few participants (16/515, 3.1%)
provided negative feedback about the survey.
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Table 1. Older adults’ feedback about an online survey using a hypothetical vignette by theme, with representative quotes among respondents who
provided feedback (n=515).

Participants, n (%)Representative quotes (participant code)Themes

Positive feedback (n=415, 80.6%)

116 (22.5)Interesting • “An interesting study” (919)
• “This was an interesting survey to complete” (2200)

80 (15.5)Thought provoking • “Interesting and insightful. Made me think a little more about how best to manage
my health” (1872)

• “Very good survey to ponder thoughts and beliefs” (481)

67 (13)Positive feedback • “Great stuff. Keep up the good work” (2574)
• “Very good” (764)

43 (8.3)Thanks for opportunity to partic-
ipate

• “Thanks” (42)

35 (6.8)Positive feedback about survey
questions or structure

• “Love the format, so easy to see, follow, and understand” (1904)
• “Very good questions regarding whether or not to stop a medication when you’ve

been on it for an extended time” (2026)

34 (6.6)Enjoyed taking survey • “Enjoyed it” (328)
• “Love doing your studies” (287)

19 (3.7)Unusual study design • “Very different enjoyed the variety” (540)
• “Unusual but interesting” (1853)

15 (2.9)Interested in results • “Interested in purpose of results” (1863)
• “Very interesting! Now I need to see the final results” (3481)

6 (1.2)Interested in future studies • “Great study, I’d do more” (4815)
• “Need more like this” (2516)

Neutral feedback (n=48, 9.3%)

48 (9.3)Shared personal experience • “I am afraid of going to see the dr for worries about my health” (1526)
• “Thanks; my prescription drugs fall under the Federal Government program where

they are funded nearly 100%” (2645)

Negative feedback or suggestions for improvement (n=52, 10.1%)

21 (4.1)Question-specific feedback • “The percentage charts were confusing” (2403)
• “One question said check all that apply but only one was allowed” (4279)

16 (3.1)Negative feedback • “Boring” (1409)
• “Too many generalizations” (1102)

12 (2.3)General suggestions for improve-
ment

• “Consider adding a progress bar to the survey” (2027)
• “Good study could be shorter” (2433

3 (0.6)Country-specific feedback • “Some questions are designed for the USA” (1471)
• “Prescription insurance? In UK if you are over 65 prescriptions are free” (4075)

Discussion

Among older adults who provided feedback about their
experiences completing an online survey, approximately 80%
(415/515) of the comments were positive. Our findings signal
general acceptability of the methodology, and we have
implemented the practical feedback to improve our online
surveys. We have become more mindful of the survey length,
selected straightforward question types, and have conducted
pilot testing in all target countries to ensure that questions are
appropriate for all participants.

Our study had several limitations. First, less than one-third of
the study participants provided any comments. Second,
participants were asked if they had any comments, as opposed
to more specific questions about their experience taking the
survey. Finally, we acknowledge that we coded a single primary
theme per comment given the short statements that were
provided.

With an aging population who may spend many years in
retirement, participating in research can offer benefits such as
reducing social isolation and loneliness, fostering a sense of
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purpose, and providing mental stimulation, and it may provide
monetary incentives [5]. While our online study lacked the
social benefit of in-person interaction typical of traditional
research, participants reported enjoying the survey; they found
it prompted self-reflection on their health, and they expressed
interest in the study’s outcomes and future research.

Online research is becoming more prevalent; therefore, it is
important to make sure this methodology is inclusive of older
adults [5]. More than half of adults older than 65 years use the
internet, yet they are the least likely to have a home computer

[6]. While some researchers attribute this limited use to
age-related functional decline, others argue that the main barriers
are negative attitudes such as fear, anxiety, and low
motivation—barriers that are modifiable. Anxiety about using
the internet and digital technologies often leads to self-imposed
limitations and low confidence, with older adults frequently
underestimating their knowledge and abilities compared to
younger users [6]. This underscores the importance of studies
like ours that highlight the positive experiences of older adults
in online research.
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Abstract

Background: Mobile health care (mHealth) apps are emerging worldwide as a vital component of internet health care, but there
are issues, especially among older adults.

Objective: We aim to investigate the factors influencing the intention to use (ITU) mHealth apps, focusing on those with and
without prior mHealth experience.

Methods: A cross-sectional study conducted from August 2022 to July 2023 included Thai citizens aged 45 years or older.
Self-reported questionnaires collected data on sociodemographic information, health conditions, smartphone or tablet ownership,
and mHealth usage experience. The Thai mHealth Senior Technology Acceptance Model questionnaires with a 10-point Likert
scale evaluated mHealth acceptance. A multivariable logistic regression analysis, adjusted for age, gender, education, income,
and living area, was performed for 2 subgroups: those who used ITU mHealth apps and those who did not.

Results: Of 1100 participants, 537 (48.8%) intended to use mHealth apps, while 563 (51.2%) did not. The ITU group had a
younger average age, higher education levels, higher income, and fewer underlying diseases compared to those who did not intend
to use mHealth apps. For those who had never used mHealth apps, having a smartphone was strongly associated with higher odds
of ITU (adjusted odds ratio 2.81, 95% CI 1.6 to 4.93; P<.001), while having any underlying disease was associated with lower
odds of ITU (adjusted odds ratio 0.63, 95% CI 0.42 to 0.97; P=.034). Higher acceptance levels, characterized by a positive attitude
toward mHealth and lower fear of making mistakes, were also associated with higher ITU. For those with prior mHealth experience,
acceptance in areas such as perceived ease of use, gerontechnology anxiety, and facilitating conditions was significantly associated
with ITU.

Conclusions: Among inexperienced users, a positive attitude toward mHealth significantly enhanced ITU. Conversely, having
an underlying disease decreased ITU, indicating a need for tailored mHealth apps. For experienced users, acceptance levels in
areas such as ease of use and gerontechnology anxiety were crucial. Future research should explore specific mHealth apps for
more targeted insights.

(JMIR Hum Factors 2025;12:e63607)   doi:10.2196/63607

KEYWORDS

mHealth; mobile healthcare; older adults; elderly; aging; questionnaire; smartphone; mHealth usage; intention to use

Introduction

Mobile health care (mHealth) apps, a vital component of internet
health care, are emerging worldwide. These apps have attracted
a wide range of health care services and are proven effective in
solving health problems. The functions of mHealth are diverse,
including patient monitoring, diagnosis, personal care,
psychological health, educational apps, and social networking
[1]. There is growing evidence of the health benefits of mHealth.

Mobile devices, with their integrated sensors and features, help
health care professionals treat patients with continuous
connectivity. These apps are useful for collecting data related
to physical activity, human body images, and other health care
aspects [2,3]. For example, using mHealth in chronic disease
management has shown improvements in symptoms and reduced
hospitalizations for patients with asthma, chronic obstructive
pulmonary disease, heart failure, and diabetes [4].
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However, there are several issues with current mHealth apps,
particularly among older adults. Studies show that only 60% of
older people intend to use mHealth [5]. Older adults may have
physiological changes according to aging such as visual and
hearing decline. They may also be unfamiliar with technology
and face difficulty learning new skills [6]. Some users
experience technical problems with their smartphones when
using these apps. Additionally, public awareness of mHealth
apps is low, and their usability is not as good as expected [7].

Understanding the factors that affect the intention to use (ITU)
mHealth among people with and without prior experience is
crucial for enhancing its future usage [8]. Therefore, the primary
objective of our study was to investigate the factors associated
with ITU, focusing on 2 specific subgroups: those with prior
experience using mHealth apps and those without. This study
also examined information regarding device ownership,
experience with mobile apps and mHealth, and technology
acceptance. These findings aimed to gain a better understanding
of mHealth usage and identify potential opportunities for
implementing mHealth in a community-dwelling population,
especially among older adults.

Methods

Study Design
We conducted the cross-sectional study from August 2022 to
July 2023 using a nationwide web-based survey and a
community survey. The online survey was disseminated through
various social media platforms, such as department websites,
Facebook, Line, Twitter, and Instagram. The investigator teams,
which included medical students and health care personnels
from primary care units across 10 subdistricts in Chiang Mai
province, distributed the community survey. The respondents
to both the online and community surveys used the REDCap
(Research Electronic Data Capture; Vanderbilt University)
survey platform to self-complete the questionnaires. The
STROBE (Strengthening the Reporting of Observational Studies
in Epidemiology) statement guided this study’s reporting [9].

Ethical Considerations
The institutional review board of the Faculty of Medicine,
Chiang Mai University approved this study’s ethical
consideration (COM-2565‐09079). Before participating in
this survey, all respondents provided their informed consent in
accordance with the screening questionnaire and study
information page. Participants were compensated with an
incentive of 100 Thai Baht (3 USD) for completing the
questionnaires. No identification data were recorded, and
respondents were permitted to remain anonymous during the
online survey. The community survey used the identification
data of eligible participants exclusively for recruitment purposes
within each target area. These data were not documented in
either the survey form or the study database.

Participants
Study participants were middle-aged Thai citizens aged 45‐60
years or older at the time of the survey [10,11]. Our study’s
inclusion criteria required participants to be able to read and
communicate in Thai and to have no underlying conditions or

diseases that would hinder their ability to complete the survey
or use mHealth apps (eg, dementia, active psychological
problems, or severe visual impairments). This study excluded
respondents who did not complete the survey, spent less than
2 minutes on it, or spent more than 60 minutes on it.

Data Collection

Participant Characteristics
We used self-reported questionnaires to collect data on
participant characteristics, including sociodemographic data,
underlying health conditions, owning a smartphone or tablet,
and experience using the devices and mHealth apps. The initial
section of the questionnaires included information regarding
mHealth to ensure that the participants comprehended its
definition, related concepts, and intended use.

The sociodemographic data included age, gender, marital status
(single, married, and separate, divorced, or widowed), living
status (alone, with family, and with others), living areas (urban,
suburban, and rural), education levels (no education, primary,
secondary, high school, vocational training, preuniversity,
bachelor’s degree, and master’s degree), and income per month
(<10,000 in Thai Baht, US $ 274; 10,001‐30,000 in Thai Baht,
US $275-$819; and >30,001 in Thai Baht, US $820). The
questions inquiring about underlying medical conditions
included hypertension, dyslipidemia, diabetes mellitus, chronic
renal disease, visual impairments, and hearing impairments.
We also gathered data on other related variables, such as wearing
glasses or contact lenses, using hearing aids, and a number of
current medications.

Experience Using Mobile Apps and mHealth
mHealth apps, or mobile health apps, refer to the practice of
medicine and public health supported by mobile devices. The
term “mHealth apps” encompasses the use of mobile
communication devices such as smartphones and tablets for
health care purposes [12,13]. For information on owning and
experience using the devices and mHealth, questionnaires asked
for smartphone or tablet usage experience (year), owning
smartphones or tablets, internet usage experience (year), and
previously used mobile apps and mHealth apps.

mHealth Acceptance and ITU
The acceptance of mHealth was evaluated using the Thai
mHealth Senior Technology Acceptance Model (STAM)
questionnaires. This instrument has been adapted from the
38-item STAM questionnaire [14] and validated for accessing
mHealth acceptance in a Thai context. According to the reported
psychometric analysis, the Thai mHealth STAM demonstrated
satisfactory psychometric properties in terms of validity and
reliability. We used instrument items in the following domains
as the potential associated factors of an ITU mHealth: attitude
toward using, perceived usefulness, perceived ease of use,
perceived barriers, gerontechnology anxiety, and facilitating
condition. The structure of the Thai mHealth STAM was a
10-point Likert scale. The highest point indicated a high level
of acceptance. The participant’s ITU mHealth was assessed by
the structural question “If there are available mHealth apps for
you, do you want to use them? (Yes/No).”
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Sample Size
To derive statistics that represent the parameters for the target
populations, a minimum sample size of 500 total participants
is required. This minimum sample size can accurately detect
low to large effect sizes, as suggested by Bujang et al [15].
Based on our primary objective, it aimed to explore the
associations between ITU and predetermined variables,
including characteristics, ownership, and experience using
devices and mHealth, and mHealth acceptance, in 2 specified
subgroups of participants: those with experience using mHealth
apps and those without. To explore unbiased effect estimates,
18 independent variables were analyzed with adjustments for
5 confounding variables. The sample size calculation, based on
the formula n=100+(10‐50 event per variable)i, where i refers
to the number of independent variables, was conducted to ensure
our effect estimates from a multivariable logistic regression had
sufficient precision to yield medium to large effect estimates
in the subgroup analysis [15]. With 23 independent variables,
a minimum sample size of 330 participants per subgroup was
needed according to the given formula with 10 per independent
variables.

Statistical Analysis
For descriptive analysis, we presented categorical data using
frequency and percentage. We described continuous data using
a mean with SD, a median with a range (minimum-maximum),
or an IQR, as appropriate. The comparison in characteristics,
owning and experience using the devices and mHealth, and
mHealth acceptance between participants who had ITU and
those who did not was examined using an independent 2-tailed
t test or Wilcoxon rank sum test for continuous data and Fisher
exact test for categorical data.

For the analysis of the primary objective, we hypothesized that
the factors associated with ITU would be different for

participants who had previously used mHealth and those who
did not. We performed a multivariable logistic regression for 2
specified subgroups, adjusted for the confounders including
age, gender, education levels, income, and living area. The
predetermined characteristic variables included having any
underlying disease, owning a smartphone, the number of years
of experience using it, and an interaction term based on both
ownership and experience. We entered each item’s mHealth
acceptance into the model as continuous data, using a 10-point
scale. The magnitude of associations was presented using an
adjusted odds ratio along with 95% CIs and P value. All
statistical analyses were conducted using STATA (version 17.0;
Stata Corp, LP). The visualization for this study was created
using Microsoft Excel (Microsoft Corporation, 2021). The level
of statistical significance for descriptive analysis was set at a P
value below .05.

Results

Participant Characteristics
Of 1100 participants, the majority were female (776/1100,
62.3%), with a mean age of 62.3 (SD 8.8) years. This study
flow diagram is presented in Figure 1. Most of the participants
were married and resided with their families primarily in rural,
suburban, and urban areas, respectively. For socioeconomic
status, 86.2% (948/1100) had a low income (<10,000 Baht, US
$274), and 65.9% (725/1100) had the highest education level
at primary school. The common underlying diseases were
hypertension and dyslipidemia. More than half reported having
a vision problem, and 65.2% (n=399) wore glasses or contact
lenses. Only 3.3% (4/1100) of respondents required a hearing
aid, while 10.9% (120/1100) of respondents reported having
hearing problems.
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Figure 1. Study flow diagram. ITU: intention to use.

There were 537 participants who had ITU (48.8%) and 563
participants who did not (51.2%). When comparing the
participants who had ITU mHealth apps with those who did
not, the ITU group had a significantly younger average age,
higher education levels, higher income, and a lower proportion
of underlying diseases. Furthermore, 94.4% (507/537) and 92%
(494/537) of the ITU group reported having experience using
a smartphone or tablet and the internet; 91.2% (490/537) and
3.4% (18/537) had owned a smartphone and tablet, respectively.
These percentages in the ITU group were significantly higher

than those in the non-ITU group. The overall median (IQR)
year of experience using the devices was 5 (0‐10). When
comparing the ITU to non-ITU groups, the median years of
device usage experience in the ITU were significantly higher
than non-ITU (median 6, IQR 3‐10 versus median 3, IQR
0‐9, P<.001). In addition, 66.9% of those in the ITU group
had experience using mHealth apps, which was a significantly
higher proportion than the non-ITU group of 17.4%. The details
of participant characteristics are presented in Table 1.
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Table . Participant characteristics.

Had intention to use mHealth apps

P valueNo (n=563)Yes (n=537)Total (N=1100)Characteristics

<.00164.4 (8.6)60 (8.4)62.3 (8.8)Age (year), mean (SD)

.02184 (32.7)140 (26.1)324 (29.5)Male, n (%)

.002Marital status, n (%)

39 (6.9)57 (10.6)96 (8.7)    Single

370 (65.7)377 (70.2)747 (67.9)    Married

154 (27.4)103 (19.2)257 (23.4)    Separated, divorced, or widowed

<.001Education levels, n (%)

16 (2.8)2 (0.4)18 (1.6)    No education

434 (77.1)291 (54.2)725 (65.9)    Primary school

32 (5.7)65 (12.1)97 (8.8)    Secondary school

52 (9.2)110 (20.5)162 (14.7)    High school and vocational training

3 (0.5)8 (1.5)11 (1)    Preuniversity

25 (4.4)54 (10.1)79 (7.2)    Bachelor’s degree

1 (0.2)7 (1.3)8 (0.7)    Master’s degree

.001Income per month, n (%)

506 (89.9)442 (82.3)948 (86.2)    <10,000 Baht (US $274)

52 (9.2)86 (16)138 (12.5)    10,001‐30,000 Baht (US $275‐819)

5 (0.9)9 (1.7)14 (1.3)    >30,001 Baht (US $820)

.86Living status, n (%)

58 (10.3)50 (9.3)108 (9.8)    Alone

503 (89.3)485 (90.3)988 (89.8)    With family

2 (0.4)2 (0.4)4 (0.4)    With others

.38Living area, n (%)

121 (21.5)99 (18.4)220 (20)    Urban

185 (32.9)192 (35.8)377 (34.3)    Suburban

257 (45.6)246 (45.8)503 (45.7)    Rural

.002396 (70.3)330 (61.5)726 (66)Had any underlying disease, n (%)

<.001283 (50.3)212 (39.5)495 (45)Hypertension, n (%)

.62188 (33.4)187 (34.8)375 (34.1)Dyslipidemia, n (%)

.03108 (19.2)76 (14.2)184 (16.7)Diabetes mellitus, n (%)

.889 (1.6)8 (1.5)17 (1.5)Chronic kidney disease, n (%)

.53308 (54.7)304 (56.6)612 (55.6)Vision problems, n (%)

.045189 (61.4)210 (69.1)399 (65.2)Wore glasses or contact lens, n (%)

.3866 (11.7)54 (10.1)120 (10.9)Hearing problems, n (%)

.842 (3)2 (3.7)4 (3.3)Used hearing aids, n (%)

.551 (0‐2)1 (0‐2)1 (0‐2)Number of medications, median (IQR)

<.001366 (65)507 (94.4)873 (79.4)Had experience using a smartphone or tablet, n
(%)

<.001353 (62.7)490 (91.2)843 (76.6)Had own smartphone, n (%)

<.0012 (0.4)18 (3.4)20 (1.8)Had own tablet, n (%)

<.001290 (51.5)494 (92)784 (71.3)Had experience using the internet, n (%)
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Had intention to use mHealth apps

P valueNo (n=563)Yes (n=537)Total (N=1100)Characteristics

<.00191 (16.2)348 (64.8)439 (39.9)Had experience using mHealth apps, n (%)

Experience Using Mobile Apps and mHealth
Figure 2 illustrates participants’ experience using mobile apps
and mHealth. There are many types of mobile apps and mHealth
including social media apps, general apps, and mHealth apps.
Among the middle-aged and older adults who had previously
used mobile apps and mHealth, social media apps had the
highest percentages (63.4%), followed by mHealth apps
(41.6%), and apps for general purposes (37.5%). The use
percentages of almost all mobile apps and mHealth were
statistically and significantly higher in the ITU compared to

non-ITU groups (P<.001), except for mHealth apps with a low
use percentage (Samsung Health, Apple Health, and Strava).
The use percentages of the top 3 social media apps (Line,
YouTube, and Facebook) were greater than other apps. For
general purposes, most participants used mobile apps for online
banking services, surfing the internet, and shopping. For
mHealth, the Ministry of Thai Public Health app, “MorProm,”
had the highest use (41.6%), followed by the official apps by
hospitals (5.9%), while the other mHealth apps from public
providers showed a very low use percentage.

Figure 2. Participants’ experience using mobile apps and mHealth. ITU: intention to use.
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mHealth Acceptance
We assessed the participants’ mHealth acceptance using the
Thai mHealth STAM questionnaires in the domains, including
attitude toward using, perceived usefulness, perceived ease of
use, perceived barriers, gerontechnology anxiety, and facilitating
condition. Figure 3 displays the structure of the questionnaires

and the participants’ responses. Overall, participants’acceptance
of mHealth fell within the range of agreeable attitudes toward
using, perceived usefulness of mHealth apps, and facilitating
conditions. On the other hand, we observed responses in the
range of neutral to low acceptance across the domains of
perceived barriers, gerontechnology anxiety, and perceived ease
of use.

Figure 3. Participants’ responses to mHealth acceptance questionnaires. ANX: gerontechnology anxiety; ATT: attitude toward using; FC: facilitating
condition; PB: perceived barriers; PEOU: perceived ease of use; PU: perceived usefulness.

When compared between the ITU and non-ITU groups, mHealth
acceptance levels assessed by the questionnaires showed a
significant difference in all items, as presented in Table S1 in
Multimedia Appendix 1. Participants who used an ITU mHealth
app had higher mean scores in all items. The domain of
perceived barriers yielded the lowest mean mHealth acceptance
score in both groups.

Factors Associated With ITU mHealth Apps
In this study, we focused on exploring factors associated with
ITU mHealth apps in the subgroup of participants who had
experience using mHealth apps and who did not. We performed
a multivariable logistic regression analysis using predetermined
factors including owning a smartphone, experience using a
smartphone, underlying disease, and mHeath acceptances. The
analysis also adjusted for the confounders consisting of age,
gender, education levels, income, and living area. Multivariable
analysis results are presented in Figure 4.
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Figure 4. Factors associated with intention to use mHealth apps using a multivariable logistic regression. aORs were estimated as adjusted for age,
gender, education levels, income, and living area. aOR: adjusted odds ratio; ANX: gerontechnology anxiety; ATT: attitude toward using; FC: facilitating
condition; ITU: intention to use; PB: perceived barriers; PEOU: perceived ease of use; PU:perceived usefulness.

For the subgroup of people who had never used mHealth apps
before, having a smartphone was substantially associated with
higher odds of ITU (adjusted odds ratio 2.81, 95% CI 1.60 to
4.93; P<.001), while having any underlying disease was
significantly related to a low ITU. Higher levels of acceptance,
which are characterized by a higher score of attitudes toward
the idea of using mHealth and a lower fear of making mistakes
that cannot be corrected when using it, were also significantly
associated with a high ITU.

For the subgroup of individuals who had prior experience using
mHealth apps, the pattern of associations between predetermined
factors varied from the subgroup of those who did not have
prior experience. There were no predetermined characteristics
relating to ITU. The levels of mHealth acceptance were
significantly associated with ITU in the domains, including
perceived ease of use, gerontechology anxiety, and facilitating
conditions. Perceived ease of use, which individuals could be
skilled at using, was significantly associated with a greater odds
of ITU. Regarding the level of anxiety associated with mHealth
usage, less apprehensiveness about using mHealth significantly
increased the odds of ITU. Conversely, a low ITU was
associated with a lower fear of making mistakes when using
mHealth. Having facilitated support from family and friends to
use mHealth and having fewer financial constraints on using
mHealth showed a significant positive association with ITU,

whereas the support from others was negatively associated with
ITU.

Discussion

Principal Findings
To investigate the factors associated with ITU, we found that
people who had never used mHealth apps before, having a
smartphone associated with a higher ITU, while having any
underlying disease was significantly related to a low ITU.
Higher levels of acceptance, which are characterized by a higher
score of attitudes toward the idea of using mHealth and a lower
fear of making mistakes, were also significantly associated with
a high ITU. For the subgroup of individuals who had prior
experience using mHealth apps, there were no predetermined
characteristics relating to ITU. The levels of mHealth acceptance
were significantly associated with ITU in the domains, including
perceived ease of use, gerontechology anxiety, and facilitating
conditions.

Compared to previous studies, several patient characteristics
significantly influence the ITU mHealth. Older patients are less
likely to use mHealth due to their unfamiliarity with technology.
Despite efforts to adopt new technology, many older adult
individuals still struggle with it, and the rapid pace of
technological advancements leaves them unable to keep up
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[16,17]. Additionally, there is a lack of promotion and support
for using medical technology among older adults [18].
Socioeconomic status is another crucial factor affecting the ITU
mHealth [19,20]. Patients in low-income groups not only lack
support for using mHealth, but their daily routines and various
burdens also reduce their intention to use these technologies
[21]. This is closely related to the level of education [19];
patients with higher educational levels are more likely to
understand and recognize the health benefits of mHealth, thus
increasing their intention to use it [20]. Chronic diseases also
play a role [19]. Patients without comorbidities and those who
could effectively manage their chronic conditions tend to have
better health management skills and a stronger desire to maintain
good health, which positively influences their ITU mHealth
[22,23].

Many factors influence the ITU mHealth among people without
prior experience. One critical factor is the availability of
equipment, such as mobile phones, patient testing devices,
personal digital assistants, and other wireless tools. Health care
professionals must ensure these facilities are accessible to
patients when initiating mHealth services. Providing the
necessary equipment and educating patients on its use can reduce
inequity, particularly among older populations. The previous
studies also showed that when health care systems provide
access to such equipment, it enhances user confidence and
intention to adopt mHealth, particularly among older adults who
may otherwise face barriers due to digital inequality (eg, lacking
smartphones or internet access) [24,25]. Empowering patients
to access and use smartphones not only enhanced their ITU
mHealth but could also improve self-rated, physical, and
psychological health levels, as evidenced by the previous studies
on the effects of smartphones and smart devices [26-28].
Underlying health conditions also impact the ITU mHealth.
Patients with poor health behaviors or low motivation for
self-care are less likely to adopt mHealth. The previous studies
found that older adults with heart failure [29] and adults with
hypertension [30] faced significant barriers to mHealth adoption,
including low motivation and limited health literacy, which
hindered their engagement with self-management technologies.
These support our finding that underlying health conditions
may reduce mHealth adoption, as individuals often lack the
motivation to use health-promoting technologies. Conversely,
some studies suggest that the presence of chronic health
conditions can actually motivate individuals to engage with
mHealth solutions. The study by Askari et al [31] found that
older adults who were able to control their chronic diseases
often expressed a greater ITU mHealth, as these tools can
provide essential support for self-management and health
monitoring. This indicated that while health conditions could
pose barriers, they can also motivate the adoption of mHealth
solutions, particularly when patients recognize the potential
benefits for their health management. Another study also
suggested that health conditions could influence older adults’
readiness to engage with eHealth resources, with those
experiencing chronic illnesses showing a higher willingness to
use digital health tools for self-care [32]. This suggests that the
context of the health condition is vital in influencing attitudes
toward technology use, rather than the notion that poor health
behaviors uniformly result in reduced intentions to use mHealth.

Confidence in their ability to effectively use mHealth apps is
crucial, as a positive attitude toward mHealth increases the
likelihood of its use [33]. The positive finding on attitude toward
using mHealth is also consistent with the recent systematic
reviews on the impact of mHealth interventions, which
highlighted that the effectiveness of these interventions is often
linked to user confidence and positive attitudes toward
technology [4]. To promote mHealth for people without prior
experience, health care professionals should educate patients
about its benefits and how it can aid in self-care. Additionally,
patients must develop eHealth literacy, defined as “the ability
to seek out, find, evaluate, and appraise, integrate, and apply
what is gained in electronic environments toward solving a
health problem.” [34].

For participants with prior experience using mHealth, various
factors influence their intention to continue its usage. These
individuals often possess a positive attitude toward mHealth
and recognize its benefits. They may also have experience in
overcoming barriers, such as troubleshooting difficulties or
correcting errors independently. Consequently, they perceive
the benefits of using mHealth to outweigh the risks or
challenges. Our finding indicated that perceived self-capability
to use mHealth and lower concerns was associated with higher
ITU among participants with prior mHealth experience. This
finding is aligned with the study by Opoku et al [35], which
emphasized that enabling resources, such as the durability and
simplicity of mobile technology, significantly influence patients’
perceived ease of use of mHealth interventions. This implies
that when patients are informed and experienced about the
user-friendly nature of mHealth apps, their confidence in using
these tools increases, thereby enhancing their likelihood of
adoption. In contrast to participants without prior experience
using mHealth, those with experience did not avoid using
mHealth out of fear of making mistakes. However, the expressed
greater concerns about mHealth itself, such as its effectiveness,
data security, and privacy, were associated with a low ITU. Our
findings align with the studies on experienced users’ attitudes
toward mHealth [36,37], emphasizing the importance of
addressing concerns related to security, privacy, and perceived
effectiveness. Therefore, future mHealth interventions should
not only focus on enhancing user confidence through health
education or instruction by technical and health care providers
but also on building trust in technology itself. Additionally,
patients, especially older adults, value support from family or
caregivers. mHealth for older adults may require assistance at
various stages, including tool usage guidance, instructions, and
caregiver involvement [16]. Financial considerations also play
a crucial role, as increased costs associated with mHealth can
affect the ITU for it. To initiate and improve mHealth usage,
health care professionals need to identify patients willing to use
mHealth, ensure the availability of necessary equipment, and
address any financial constraints. Educating patients on the
evidence and benefits of mHealth is also essential. Where
possible, families and caregivers should be included in the
mHealth care plan [38].

The strength of this study lies in its relatively large sample size,
which included participants from rural, suburban, and urban
areas. This study comprehensively explored various factors
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potentially associated with mHealth use, using reliable and
validated standard tools to evaluate acceptance. However, some
limitations existed. The cross-sectional nature of this study
limited establishing causal relationships between the ITU
mHealth and associated factors. Further research designs,
including longitudinal studies or randomized controlled trials
of specific mHealth interventions, are necessary to overcome
these limitations and provide a more comprehensive
understanding of the factors influencing mHealth usage.
Furthermore, the term “mHealth” was defined in a broad and
general sense in the questionnaire but was not explicitly
specified for participants’ conditions. Defining “mHealth” in
general could hinder the participants’ acceptance and use of
mHealth, particularly in the group of participants with
underlying diseases and specific health problems. This
hypothesis could explain the observed association between
having any underlying disease and low ITU in the group of
participants who had never used mHealth before. Accordingly,
our study primarily aimed to explore mHealth usage in general

for community-dwelling adults. Our findings may not generalize
enough to provide specific insight into the specific use case of
mHealth in a particular population. Hence, we encourage future
studies to aim for an in-depth understanding of each type of
mHealth and acceptance in the specific context.

Conclusion
This study identified key factors influencing the ITU mHealth
and positive attitudes toward using significantly enhancing ITU
in both inexperienced and experienced users. Conversely, having
an underlying disease was associated with a decrease in ITU,
indicating that this group of individuals may require mHealth’s
specific requirements for their conditions rather than the general
purpose. For experienced users, acceptance levels in areas such
as ease of use and gerontechnology anxiety were critical. Health
care professionals should identify patients open to using
mHealth, ensure access to necessary equipment, address
financial barriers, and educate patients on its benefits. Future
investigations should also explore specific mHealth apps to
provide more targeted insights.
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Abstract

Background: With the increasing prevalence of digital technology, adolescent internet addiction (IA) has become a global
concern. Excessive internet use, especially among adolescents, has been linked to various negative outcomes such as poor academic
performance, social isolation, and mental health issues. Conducted among adolescents of Arab origin, our study addressed the
limitations of the literature, which predominantly focuses on Western, educated, industrialized, rich, and democratic populations.

Objective: This study aimed to differentiate between essential and nonessential internet use and how they relate to IA in early
and middle adolescents, as well as the relationship between subjective happiness with the amount of time spent on nonessential
internet use and IA.

Methods: A cross-sectional survey was conducted among 377 students from 16 schools in Qatar. The survey measured essential
and nonessential internet use, subjective happiness with nonessential use, and IA symptoms using the Internet Addiction Diagnostic
Questionnaire, as well as participant demographics. To explore age-specific associations, participants were categorized into early
(age 11-13 years) and middle (age 14-17 years) adolescents. Factorial analysis, multiple regression, and logistic regression were
used for statistical analysis.

Results: Nonessential internet use significantly predicted IA in both early (P<.001) and middle (P<.001) adolescents, with early
adolescents showing a stronger association. Subjective happiness with nonessential internet use negatively predicted IA only in
middle adolescents (P<.001) as greater dissatisfaction led to a higher IA risk. Essential internet use did not predict IA in either
group.

Conclusions: Differentiating between essential and nonessential internet use is crucial in understanding IA. This study highlights
the importance of developmental differences in shaping IA symptoms. The findings suggest that interventions aimed at addressing
IA should be age specific and focus on addressing nonessential use specifically rather than considering internet use and screen
time in general as a single entity. Cultural and regional factors also play a role in shaping internet use patterns and IA in the
Middle East, necessitating context-specific, culturally sensitive approaches to IA prevention.

(JMIR Hum Factors 2025;12:e62955)   doi:10.2196/62955
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Introduction

Background
Adolescent internet addiction (IA) has become a growing
concern in today’s society as the use of technology and the
internet has become increasingly prevalent in the lives of young
people. According to a study conducted by the Pew Research
Center, since 2014 to 2015, there has been a modest increase
in the proportion of adolescents who said that they used the
internet daily or more often [1]. In a follow-up study in 2022,
a total of 97% of adolescents said that they used the internet
daily compared to 92% of adolescents who said the same in
2014 to 2015. It is understandable that many adolescents
struggle with IA given the widespread use of the internet.
Studies have shown that approximately 10% of adolescents are
at risk of IA, with even higher rates reported in countries such
as Hong Kong, China, and South Korea [2-5]. For example, a
survey conducted in South Korea found that nearly 30% of
junior high school students were either addicted to the internet
or at a risk of IA [6]. While some internet use can be beneficial
for educational and social purposes, excessive use can lead to
negative consequences such as decreased academic performance,
social isolation, and even mental health issues [7-9]. Therefore,
it is important to understand the prevalence of IA among
adolescents and its contributing factors.

IA is defined as the inability to control internet use, leading to
disruptions in everyday functioning and symptoms of withdrawal
and tolerance [10]. Although not officially recognized as a
disorder in the most recent edition of the Diagnostic and
Statistical Manual of Mental Disorders, IA has received
considerable attention in scientific literature and is regarded as
a growing concern [11]. Opinions in the literature differ, with
some researchers suggesting distinct diagnostic criteria and
subtypes of IA, such as video game and online gambling
addiction [12]. However, there is still a lack of consensus
regarding the internet’s addictive nature and IA diagnostic
criteria [13]. While there is still debate regarding the exact nature
and criteria for IA, it is clear that excessive internet use can
have negative consequences, particularly for adolescents.
Understanding the prevalence and factors contributing to IA is
important for addressing this growing concern, promoting
healthy internet use, and developing appropriate interventions
for those who may be affected.

Most psychological research studies predominantly rely on
samples from Western, educated, industrialized, rich, and
democratic (WEIRD) populations [14]. However, when
examining the effects of excessive internet use on adolescent
mental health, it is crucial to consider that the experiences of
adolescents from non-WEIRD populations may vary owing to
many factors, such as different cultural norms and access to
technology [15]. This emphasizes the importance of including
more diverse samples in research to gain a comprehensive
understanding of the global impact of technology on mental
health. Cultural context significantly shapes adolescence, with

the experiences of young individuals varying widely across
different cultures [16]. To address this gap, our study focused
on adolescent IA in the Middle East, where limited research on
IA has been conducted. In doing so, we aimed to shed light on
the specific dynamics of IA in this region and contribute to a
more inclusive and comprehensive understanding of this
phenomenon.

Qatar has one of the highest internet penetration rates in the
world at 99% [17]. The country’s internet users have grown
significantly from 69% in 2012 to 100% in 2022 [18]. This
increase raises the possibility of an increase in IA prevalence
rates, as does the spread of mobile device use and the constant
release of new technology updates. Furthermore, adolescents
may unintentionally be encouraged to spend more time inside
streaming online content, playing online games, and spending
time on-screen due to Qatar’s humid and hot weather, which
lasts for more than half the year.

In addition to Qatar’s unique technological landscape and
climate, broader Middle Eastern cultural factors play a crucial
role in shaping adolescent internet use patterns. The region’s
complex environment, which is characterized by its unique
family dynamics, societal expectations, and cultural values,
may contribute to the elevated prevalence of IA among
adolescents [19,20]. In various Middle Eastern societies,
conservative norms that prioritize modesty and restraint
frequently conflict with the liberties that online platforms
provide. As adolescents navigate their identities and seek
communities that are consistent with their evolving values, this
cultural tension can motivate them to engage with the internet
differently. In addition, it is also argued that the limited
opportunities for social interaction outside the home, along with
societal pressures to conform, may encourage adolescents to
seek connection and validation online, potentially nurturing
addictive behaviors [19]. Culturally informed research can
inform tailored intervention strategies that address the specific
needs of adolescents in the Middle East. For example, studies
suggest that effective interventions should involve families and
schools, recognizing the significant role that these environments
play in shaping adolescents’ internet behaviors [21,22].

Excessive screen time is often identified as a prominent indicator
of IA, contributing to an unhealthy relationship with the internet
and development of negative habits [23,24]. In numerous studies
examining adolescent IA, the amount of time spent on the web
is commonly regarded as a key factor in determining the
presence of IA [25,26]. The COVID-19 pandemic has further
heightened the reliance on technology for remote learning and
socializing among adolescents [27]. The term screen time is
frequently used without sufficient attention being paid to the
specific activities undertaken during that period. However, this
lack of specificity has several methodological limitations. To
address these limitations, this study aimed to differentiate
between the time spent on essential and nonessential internet
use activities, providing a more nuanced understanding of IA
in adolescents. However, IA is not just a matter of excessive
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screen time; it has also been linked to mental health issues such
as loneliness, low self-esteem, sleep problems, depression, social
phobia, and anxiety [28,29]. Adolescents who struggle with
these conditions may turn to the internet as a coping mechanism,
further exacerbating their addiction [30]. Ultimately, IA can
have a significant negative impact on adolescents’ lives, from
decreased academic performance to strained relationships with
loved ones [31].

Adolescence is a crucial period for identity exploration and
formation during which individuals may encounter situations
in which their emerging beliefs and values conflict with societal
expectations or their own behaviors, which may lead to cognitive
dissonance [32]. This aspect of adolescent development is
relevant to the exploration of subjective feelings regarding
digital technology use and its association with IA. Cognitive
dissonance theory offers an understanding of this relationship
by examining potential conflicts arising from adolescents’
subjective feelings regarding their digital technology use and
addictive behavior. According to the cognitive dissonance
theory, individuals experience psychological discomfort when
they hold contradictory beliefs, attitudes, or behaviors [33]. In
the context of digital technology use and IA, cognitive
dissonance may arise when adolescents recognize the negative
consequences of excessive digital technology use but continue
to engage in it. The literature suggests that subjective positive
feelings about one’s own life conditions are negatively
correlated with IA [34]. It is reasonable to hypothesize that
similar correlations may exist between subjective feelings
regarding digital technology use and IA. However, there is a
lack of specific studies exploring this association. Given this
gap in the literature, this study aimed to address this by
examining the association between subjective feelings about
digital technology use and IA.

Adolescents are growing up in an era characterized by rapid
technological advancements, and the use of smartphones has
become a common part of their daily lives. This pervasive
technology has greatly influenced their interactions with the
internet, particularly social networking sites [35]. Consequently,
this has had a profound impact on various aspects of their lives,
including social dynamics, cognitive development, and
emotional well-being. The literature indicates notable
distinctions between early and middle adolescents in terms of
cognitive and psychological development [36]. It is critical to
distinguish between early and middle adolescence when
investigating adolescent IA owing to the distinct developmental
traits, experiences, and coping strategies that arise throughout
these separate phases of adolescence [37]. Early adolescence is
a critical period defined by the start of puberty and the transition
from childhood to adolescence. This stage is distinguished by
rapid physical, cognitive, and social changes, as well as identity
exploration and self-concept construction [38,39]. Furthermore,
early adolescence is a critical time for the initiation and
development of mental health issues [40]. Middle adolescence
is characterized by managing the complications of moving into
young adulthood [41]. Individuals become more self-sufficient,
engage in complex social connections, and gain feelings of
autonomy [42]. If these aspects of development are not
addressed properly during adolescence, consequences may have

a lasting impact in their adulthood. Researchers must examine
the diverse vulnerabilities, risk factors, and patterns of internet
use among early and middle adolescents while studying IA
during these different phases. Early adolescents may be more
vulnerable to IA because they are constantly trying new things,
including online platforms, to define their identities and connect
with friends [39]. Middle adolescence, on the other hand, is
characterized by the emergence of more stable patterns of
behavior, including internet use, as adolescents approach young
adulthood and deal with increasing academic and social demands
[43]. Furthermore, research has shown that the characteristics
that influence IA change between early and middle adolescence
[21]. For example, parental supervision and advice may have a
greater effect among early adolescents, but peer influence and
social support may become more significant in middle
adolescence [44,45]. Furthermore, in middle adolescence, the
onset of academic commitment and the need for self-regulation
might alter internet use patterns and addiction risks. IA has
become a growing concern among adolescents, with symptoms
presenting both in relation to oneself and in interactions with
others. However, the cognitive development and behavioral
patterns of early and middle adolescents differ significantly,
suggesting the need for a critical examination of IA symptoms
according to age. Although previous research has highlighted
the multifaceted nature of IA symptoms, little attention has been
paid to the potential differential manifestation of symptoms
based on the age of adolescents. Understanding how IA
symptoms manifest differently in early and middle adolescence
is crucial for tailoring prevention and intervention efforts.
Understanding the differences between early and middle
adolescence is critical when examining IA. Our study aimed to
address the existing knowledge gap by investigating aspects
that have not been thoroughly explored in the field of adolescent
IA.

Adolescent technology use can be categorized into distinct types
depending on type of use: essential and nonessential [46,47].
Activities that are essential for everyday life, such as educational
pursuits or personal improvement–related activities, are included
in essential use. On the other hand, nonessential use includes
leisure activities such as gaming, social media engagement for
nonspecific developmental purpose, and other forms of
entertainment [46]. Although researchers have investigated the
correlations between excessive internet use and IA, there is a
noticeable absence of studies that explicitly distinguish between
essential and nonessential use patterns. We suggest that the use
of the internet for essential activities related to education and
personal development can improve efficiency and time
management and may not be linked to IA. In contrast, the
excessive use of the internet for nonessential activities may help
change mood and increase bonding but may also result in
diminished productivity and potential adverse consequences
[48]. Given this distinction, our study endeavored to examine
the distinct effects of essential versus nonessential internet use
on adolescents, thereby contributing to resolving a critical gap
in the current literature and offering valuable insights for
comprehending healthy internet use patterns.
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Objectives
While extensive research has been conducted on IA among
adolescents, several significant gaps remain. First, there is a
lack of studies focusing on non-WEIRD populations, particularly
in the Middle East, where unique cultural factors may influence
IA. Second, the potential significance of the distinction between
essential and nonessential internet use in relation to IA has not
been adequately investigated. Third, there is a scarcity of
research on the correlation between subjective emotions related
to the use of digital technology and IA. Finally, while the
developmental differences between early and middle
adolescence are well documented, there are few studies that
have investigated the potential differences in the manifestation
of IA symptoms and their relationship to technology use across
these age groups. We aimed to answer the following three
research questions (RQs) through this study:

1. Do essential and nonessential types of internet use predict
IA in early and middle adolescents? (RQ 1)

2. Can subjective happiness with nonessential internet use
predict adolescent IA? (RQ 2)

3. Does the impact of time spent on essential and nonessential
internet use, as well as subjective feelings regarding
nonessential internet use, on IA differ between the early
and middle adolescence stages? (RQ 3)

Methods

Participants
This study involved school students residing in Qatar, and their
participation was secured through web-based surveys
administered via SurveyMonkey (SurveyMonkey Inc). The
survey invitation was sent out to multiple schools in Qatar
through an open call using the mailing list of head teachers and
educators. One of the authors works at an education policy
institute with a network of schools that attend events and
participate in research activities. This facilitated outreach. A
total of 16 schools accepted the study invitation, comprising an
equal number of public (n=8, 50%) and private (n=8, 50%)
schools. Public schools in Qatar are government funded and
managed by the government and primarily enroll Qatari citizens
as they provide free education with Arabic as the language of
instruction. These schools are also gender segregated, meaning
that male and female students attend separate institutions. Private
schools, on the other hand, are funded by tuition fees and
managed by private organizations and predominantly enroll
expatriate students. These schools follow a variety of
government-reviewed international curricula and are typically
not gender segregated. Data were collected between March 2022
and May 2022.

Before administering the survey, students were provided with
an induction session by their head teacher, who explained the
distinction between essential and nonessential internet use.
Essential use was defined as internet activities connected to
study, academic work, and personal development, whereas
nonessential use was defined as activities that do not directly
contribute to these aims. This briefing was designed to establish
a common understanding among participants, guaranteeing that
their answers precisely reflected these definitions. The authors

acknowledge the difficulty in standardizing what adolescents
consider essential versus nonessential. Therefore, our study and
results should be interpreted as reflecting the subjective views
and self-reports of the adolescent participants. This interpretation
follows an induction on general understanding, which aimed to
reduce diversity in perceptions.

We used the formula by Green [49] to calculate the optimal
sample size for our research. The formula indicates that a linear
regression analysis requires a minimum sample size of 50 plus
8 times the number of independent variables p (50 + 8 × p).
This indicates that a minimum sample size of 74 participants
was suitable for our study. In addition, to ensure correlation
stability [50], our aim was to have a sample size of >250
individuals. This sample size is consistent with
recommendations for maintaining statistical power in studies
with multiple predictors [49,50]. Furthermore, the male sample
was deemed too small to segregate the analysis by gender.

After excluding participants who did not meet the inclusion
criteria, such as those who provided incomplete responses,
64.3% (377/586) of the initial students were included in the
analysis, which fulfilled the criteria of a 5% margin of error at
the 95% CI. Of these 377 students, 86 (22.8%) were male and
291 (77.2%) were female. The gender distribution in our sample
reflects the timing of data collection, which coincided with final
exams, as well as the demographic characteristics of the
responding schools. Specifically, 12% (2/16) of the schools that
responded to the survey were predominantly female-only public
schools, which significantly contributed to the observed gender
imbalance. It is important to note that gender was not included
as a variable in our analysis as the study’s primary focus was
on essential and nonessential internet use. On the basis of the
estimates of the sample size and the need for adequate statistical
power in our regression analysis, it was not possible to divide
the sample by gender for separate analyses.

The average age of the participating adolescents was 13.19 (SD
1.24; range 11-17) years. The participants in the study were
requested to explicitly provide their ages. Participants were
categorized into 2 groups: early adolescents (aged 11-13 years)
and middle adolescents (aged 14-17 years). The classification
of adolescents into these developmental phases was determined
based on the existing literature [51].

Ethical Considerations
This study was approved by the institutional review board of
Hamad Bin Khalifa University (QBRI-IRB 2021-05-094).
School permissions were obtained to distribute the survey. The
parents and adolescents were informed beforehand of the study,
and their written informed consent and assent were collected.
Participants were informed about the study’s purpose, and their
involvement was voluntary, allowing them to skip questions or
withdraw from the survey if desired. During data collection, no
identifiable information was collected. The researchers ensured
that all deidentified data were stored on a password-protected
laptop that only the primary investigators of the study had access
to. Participants were not compensated for taking part in this
study.
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Measures

Overview
The survey included questions regarding participants’
demographics, digital technology use, subjective happiness with
nonessential internet use, and IA. The questionnaire was
distributed in both English and Arabic to accommodate language
preferences, and the accuracy of the Arabic translation was
ensured using the back translation method [52] (see Multimedia
Appendix 1 for both versions of the survey). Our study included
a comprehensive and multistep procedure for validating the
survey questions to establish its reliability and suitability for
the adolescent population. We began by conducting think-aloud
protocols with a subset of 3 adolescents, asking them to
verbalize their thought processes while answering the survey
questions [53]. This approach helped us identify potential
ambiguities or misunderstandings, leading to revisions in
translation that ensured clarity and suitability for the target age
group yet without departing from the original meaning of the
questions in the English version. In total, 3 authors with
extensive expertise dealing with adolescent groups in the Arab
area offered expert advice. Furthermore, the questions in the
survey were culturally appropriate, did not use any jargon, and
were free of unclear language.

Internet Addiction Diagnostic Questionnaire
The Internet Addiction Diagnostic Questionnaire (IADQ)
consists of 8 items, each representing a symptom used to identify
IA [10]. The questionnaire uses a binary response format, with
participants indicating no or yes to each symptom. The total
score on the IADQ ranges from 0 to 8 and is obtained by
summing the values assigned to each of the 8 binary questions.
The symptoms assessed by the IADQ are preoccupation
(question 1), tolerance (question 2), unsuccessful efforts to limit
or stop Internet usage (question 3), withdrawal (question 4),
loss of control of time spent on the Internet (question 5),
risk/lose relationships or opportunities (question 6), lies to
conceal the extent of involvement (question 7), and dysfunctional
coping (question 8) [54]. Participants who answered yes to ≥5
symptoms were categorized as addicted to the internet
(dependent internet users), whereas the others were categorized
as nondependent internet users. Previous studies on the IADQ
have reported Cronbach α values ranging from 0.60 to 0.72
[55]. The reliability of the IADQ in this study was deemed
acceptable, with a Cronbach α value of 0.66 [56] and a
McDonald ω value of 0.67. In addition, the research conducted
by Lozano-Blasco et al [57] found that using lesser answer
categories led to decreased Cronbach α values. The dichotomous
character of the questions in the IADQ, which means that they
only allow for replies of yes or no, leads to lower Cronbach α
values that are within the acceptable range for dependability.
To establish content validity [58], the initial item pool was
reviewed by a panel of 3 experts who has extensive experience
working with adolescents in the Arab region. This process
resulted a questionnaire that comprehensively covered the
construct of interest.

Essential and Nonessential Internet Use
Adolescents were presented with a set of questions regarding
their use of digital technology for both essential and nonessential
purposes on both weekends and weekdays. The weekend is
officially observed on Fridays and Saturdays in Qatar. By
focusing on weekdays and weekends separately, we aimed to
capture any behavioral variations influenced by the shift from
weekend to workweek and vice versa. Participants were asked
the following questions to encompass four different situations:
(1) How many hours do you use digital technology for study
purposes daily on weekdays (Sunday-Thursday)? (2) How many
hours do you use digital technology for nonessential reasons
daily on weekdays (Sunday-Thursday)? (3) How many hours
do you use digital technology for study purposes daily on
weekends (Friday and Saturday)? (4) How many hours do you
use digital technology for nonessential reasons daily on
weekends (Friday and Saturday)?

Essential internet use on weekdays and weekends was combined,
and their average was used to compute essential internet use
time. Nonessential internet use on weekdays and weekends was
combined, and their average was taken to compute nonessential
internet use time.

Subjective Happiness With Nonessential Internet Use
Time
Adolescents were asked to express their feelings regarding the
extent of their nonessential use of digital technology. Their
responses were collected using a five-point Likert scale: (1) “I
am happy with it,” (2) “I am somewhat happy with it,” (3)
“Neither happy nor unhappy with it,” (4) “I am somewhat
unhappy with it,” and (5) “I am unhappy with it.”

Statistical Analysis
Multiple linear regression analyses were conducted separately
for early and middle adolescents to examine the relationship
between nonessential internet use, essential internet use, and
subjective happiness with nonessential internet use time and
their IA status. The significance level for the statistical tests
was set at P<.05. All statistical analyses were carried out using
JASP (version 0.17.1) [59].

Exploratory factor analysis with oblique (promax) rotation was
performed [60]. The determination of the number of significant
components to retain for rotation was based on two criteria: (1)
the scree plot indicating the number of extracted factors and (2)
ensuring that the factor solution allowed for a coherent
interpretation of the results.

Results

Descriptive Statistics
The descriptive statistics of the participants are presented in
Table 1.
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Table 1. Descriptive statistics—internet use patterns and internet addiction (IA).

Middle adolescents (n=135)Early adolescents (n=242)Variable

2.96 (2.12)2.22 (1.76)Essential internet use time (h), mean (SD)

4.52 (2.35)4.45 (2.74)Nonessential internet use time (h), mean (SD)

Subjective happiness with nonessential internet use time, n (%)

44 (32.6)90 (37.2)“I am happy with it” (rating of 1)

40 (29.6)77 (31.8)“I am somewhat happy with it” (rating of 2)

35 (25.9)46 (19)“Neither happy nor unhappy with it” (rating of 3)

11 (8.1)17 (7)“I am somewhat unhappy with it” (rating of 4)

5 (3.7)12 (5)“I am unhappy with it” (rating of 5)

IA

3.47 (2.17)3.26 (1.98)Total IA score (0-8), mean (SD)

IA prevalence, n (%)

50 (37)63 (26)Addicted internet users

85 (63)179 (74)Nonaddicted internet users

Exploratory Factor Analysis of IA Symptoms
To identify underlying dimensions within the IA symptoms and
reduce the data into meaningful factor scores, an exploratory
factor analysis was conducted on the dataset. The
Kaiser-Meyer-Olkin (KMO) test, a measure of sampling
adequacy, was used in this study to evaluate multicollinearity
in the data to determine the feasibility of conducting a factor
analysis. The overall KMO measure was 0.76, denoting
“middling” adequacy. Individual KMO measures were all of
>0.68, ranging from the “mediocre” to the “marvelous”
categories according to the classification system by Kaiser and
Rice [61]. The Bartlett test of sphericity was statistically
significant (P<.001), indicating that the data were likely
factorizable.

The analysis extracted 2 components, which accounted for 26%
of the variance. Our scree plot was compatible with the 2-factor
model. We interpreted the 2 factors as representing internal IA
symptoms (factor 1; 18% of the total variance)—those
symptoms primarily related to the individual’s self, such as
preoccupation with internet use—and external IA symptoms
(factor 2; 9% of the total variance)—those symptoms primarily
related to interaction with others. Factor loadings for factor 1
and factor 2 ranged from 0.31 to 0.55 and from 0.33 to 0.78,
respectively. Factor scores were derived by adding the scores
of individual items within each empirical domain (sum score)
and dividing the sum scores by the total number of items (mean
item score). The component loadings and uniqueness of the
rotated solutions are presented in Table 2.

Table 2. Factor analysis of internet addiction symptoms.

UniquenessFactor 2 loadingsFactor 1 loadingsItem

0.79—a0.49“Preoccupation” (question 1)

0.91—0.31“Tolerance” (question 2)

0.76—0.50“Unsuccessful efforts to limit or stop Internet usage” (question 3)

0.62—0.55“Withdrawal” (question 4)

0.77—0.50“Loss of control of time spent on the Internet” (question 5)

0.480.78—“Risk/lose relationships or opportunities” (question 6)

0.750.33—“Lies to conceal the extent of involvement” (question 7)

0.79—0.45“Dysfunctional coping” (question 8)

aThe factor does not comprise this item.

Early Adolescents

Predictors of Total IA Scores

Overview

Multiple regression analysis was used to determine factors that
predicted early adolescents’ total IA scores and internal IA

symptoms. No outliers were observed in the data. The Pearson
correlation was also used to analyze the associations between
total IA, which was the dependent variable, and the independent
variables of subjective happiness with nonessential internet use
time, essential internet use time, and nonessential internet use
time.
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Correlation Analysis of Variables The correlations between the variables are presented in Table
3.

Table 3. Pearson correlation table between the variables in early adolescents.

Nonessential internet
use time

Essential internet
use time

Subjective happiness
with nonessential internet
use time

External IA
symptoms

Internal IA
symptoms

Total IAa

—————b1Total IA

————10.95cInternal IA symptoms

———10.30c0.58cExternal IA symptoms

——10.030.030.04Subjective happiness with
nonessential internet use time

—10.040.100.040.07Essential internet use time

10.120.070.18d0.41c0.41cNonessential internet use time

aIA: internet addiction.
bNot applicable.
cP<.001.
dP<.01.

Regression Analysis of Total IA Scores

Table 4 shows the results of the multiple regression that was
run to predict the total IA score from the subjective happiness
with nonessential internet use time, essential internet use time,
and nonessential internet use time among early adolescents.
The linearity of the sample was assessed by examining the
residuals versus predicted plots, whereas residuals versus
dependent plots were used to evaluate homoscedasticity in the
data. All the assumptions of linearity, normality,

homoscedasticity, and multicollinearity were satisfied. Residuals
were independent, as assessed via a Durbin-Watson statistic of
1.93. There was no evidence of multicollinearity, as assessed
via tolerance values of >0.1. The assumption of normality was
met, as assessed using a Q-Q plot. The multiple regression
model significantly predicted the total IA score (F3, 238=15.72;

P<.001; R2=0.17; adjusted R2=0.15). Within the model,
nonessential internet use time (β=.40; P<.001) was the only
significant predictor of early adolescents’ total IA scores.

Table 4. Multiple linear regression analysis predicting internet addiction in early adolescentsa.

P valuet test (df)Standardized  Predictor

<.0015.73 (3)—bConstant

.880.16 (3).00923Subjective happiness with nonessential internet use time

.720.36 (3).02Essential internet use time

<.0016.74 (3).40Nonessential internet use time

aR2=0.17; adjusted R2=0.15; F3, 238=15.72.
bNot applicable.

Predictors of Internal and External IA Symptoms
Multiple regression analysis was used to determine factors that
predicted internal IA symptoms with the independent variables
of subjective happiness with nonessential internet use time,
essential internet use time, and nonessential internet use time,
and an ordinal logistic regression model was used to predict
external IA symptoms. Table 5 shows the results of the multiple
regression that was run to predict the internal IA symptom score
from the subjective happiness with nonessential internet use
time, essential internet use time, and nonessential internet use
time. The linearity of the sample was assessed by examining
the residuals versus predicted plots, whereas residuals versus

dependent plots were used to evaluate homoscedasticity in the
data. All the assumptions of linearity, normality,
homoscedasticity, and multicollinearity were satisfied. Residuals
were independent, as assessed via a Durbin-Watson statistic of
1.98. There was no evidence of multicollinearity, as assessed
via tolerance values of >0.1. The assumption of normality was
met, as assessed using a Q-Q plot. The multiple regression
model significantly predicted the internal IA symptom score

(F3, 238=15.95; P<.001; R2=0.17; adjusted R2=0.16). Within the
model, nonessential internet use time (β=.41; P<.001) was the
only significant predictor of early adolescents’ internal IA
symptoms.
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Table 5. Multiple regression analysis predicting internal internet addiction symptoms in early adolescentsa.

P valuet test (df)Standardized  Predictor

<.0016.18 (3)—bConstant

.960.05 (3).00318Subjective happiness with nonessential internet use time

.94−0.07 (3)−.00431Essential internet use time

<.0016.86 (3).41Nonessential internet use time

aR2=0.17; adjusted R2=0.16; F3, 238=15.95.
bNot applicable.

An ordinal logistic regression analysis was conducted to
examine the relationship between the 3 predictor variables (ie,
subjective happiness with nonessential internet use time,
essential internet use time, and nonessential internet use time)
and the outcome variable (external IA symptoms; Table 6). The
variables included in the ordinal logistic regression analysis
met the assumptions of the statistical model—the dependent
variable (ie, external IA symptoms) was treated as an ordinal
variable, and the independent variables (ie, subjective happiness
with nonessential internet use time, essential internet use time,
and nonessential internet use time) were treated as continuous

variables. The assumption of no multicollinearity was assessed
by examining the variance inflation factors (VIFs), and the result
(VIFs<1.1) indicated no multicollinearity. The results revealed
that nonessential internet use time was associated with increased
external IA symptoms (odds ratio [OR] 1.13, 95% CI 1.02-1.24;
P=.02). Meanwhile, essential internet use time was not
associated with any change in external IA symptoms (OR 1.11,
95% CI 0.96-1.28; P=.17). Similarly, subjective happiness with
nonessential internet use time was not associated with any
change in external IA symptoms (OR 0.99, 95% CI 0.78-1.25;
P=.94) in early adolescents.

Table 6. Ordinal logistic regression predicting external internet addiction symptoms in early adolescents.

P valueORa (95% CI; SE)Predictor

.940.99 (0.78-1.25; −0.01)Subjective happiness with nonessential internet use time

.171.11 (0.96-1.28; 0.10)Essential internet use time

.021.13 (1.02-1.24; 0.12)Nonessential internet use time

aOR: odds ratio.

Binary logistic regression was conducted to examine the
relationship between subjective happiness with nonessential
internet use time and the likelihood of being a dependent internet
user (addicted) compared to a nondependent internet user
(unaddicted) in early adolescents. The reference category,
representing nondependent internet users, was coded as class
1. The OR of 0.93 (95% CI 0.73-1.20) indicated the effect size.
However, the results did not reveal a significant association
between subjective happiness with nonessential internet use
time and IA (P=.58).

Middle Adolescents

Predictors of Total IA Scores

Overview

Multiple regression analysis was used to determine the factors
that predicted middle adolescents’ total IA scores and internal
IA symptoms. No outliers were observed in the data. The
Pearson correlation was also used to analyze the associations
between total IA, which was the dependent variable, and the
independent variables of subjective happiness with nonessential
internet use time, essential internet use time, and nonessential
internet use time.

Correlation Analysis of Variables

The correlations between the variables are presented in Table
7.
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Table 7. Pearson correlation table between the variables—middle adolescents.

Nonessential internet
use time

Essential internet
use time

Subjective happiness
with nonessential internet
use time

External IA
symptoms

Internal IA
symptoms

Total IAa

—————b1Total IA

————10.95cInternal IA symptoms

———10.39c0.66cExternal IA symptoms

——10.32c0.28d0.34cSubjective happiness with
nonessential internet use time

—10.18e0.26d0.150.21eEssential internet use time

10.050.130.24d0.33c0.35cNonessential internet use time

aIA: internet addiction.
bNot applicable.
cP<.001.
dP<.01.
eP<.05.

Regression Analysis of Total IA Scores

Table 8 shows the results of the multiple regression that was
run to predict middle adolescents’ total IA score from the
subjective happiness with nonessential internet use time,
essential internet use time, and nonessential internet use time.
All the assumptions of linearity, normality, homoscedasticity,
and multicollinearity were satisfied. The linearity of the sample
was assessed by examining the residuals versus predicted plots,
whereas residuals versus dependent plots were used to evaluate

homoscedasticity in the data. Residuals were independent, as
assessed via a Durbin-Watson statistic of 1.83. There was no
evidence of multicollinearity, as assessed via tolerance values
of >0.1. The assumption of normality was met, as assessed using
a Q-Q plot. The multiple regression model significantly

predicted the total IA score (F3, 131=12.96; P<.001; R2=0.23;

adjusted R2=0.21). Within the model, nonessential internet use
time (β=.31; P<.001) and subjective happiness with nonessential
internet use time (β=.27; P<.001) were significant predictors
of middle adolescents’ total IA score.

Table 8. Multiple linear regression analysis predicting internet addiction in middle adolescentsa.

P valuet test (df)Standardized  Predictor

.251.16 (3)—bConstant

<.0013.44 (3).27Subjective happiness with nonessential internet use time

.061.90 (3).15Essential internet use time

<.0013.94 (3).31Nonessential internet use time

aR2=0.23; adjusted R2=0.21; F3, 131=12.96.
bNot applicable.

Predictors of Internal and External IA Symptoms
Multiple regression analysis was used to determine factors that
predicted internal IA symptoms with the independent variables
of subjective happiness with nonessential internet use time,
essential internet use time, and nonessential internet use time,
and ordinal logistic regression was used to predict external IA
symptoms. Table 9 presents the results of the multiple
regression. The linearity of the sample was assessed by
examining the residuals versus predicted plots, whereas residuals
versus dependent plots were used to evaluate homoscedasticity
in the data. All the assumptions of linearity, normality,

homoscedasticity, and multicollinearity were satisfied. Residuals
were independent, as assessed via a Durbin-Watson statistic of
1.82. There was no evidence of multicollinearity, as assessed
via tolerance values of >0.1. The assumption of normality was
met, as assessed using a Q-Q plot. The multiple regression
model significantly predicted the internal IA symptom score

(F3, 131=9.15; P<.001; R2=0.17; adjusted R2=0.15). Within the
model, nonessential internet use time (β=.29; P<.001) and
subjective happiness with nonessential internet use time (β=.22;
P=.007) were significant predictors of middle adolescents’
internal IA symptoms.
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Table 9. Multiple regression analysis predicting internal internet addiction symptoms in middle adolescentsa.

P valuet test (df)Standardized  Predictor

.042.10 (3)—bConstant

.0072.76 (3).22Subjective happiness with nonessential internet use time

.231.20 (3).10Essential internet use time

<.0013.65 (3).29Nonessential internet use time

aR2=0.17; adjusted R2=0.15; F3, 238=15.95.
bNot applicable.

An ordinal logistic regression analysis was conducted to
examine the relationship between the 3 predictor variables (ie,
subjective happiness with nonessential internet use time,
essential internet use time, and nonessential internet use time)
and the outcome variable (external IA symptoms; Table 10).
The variables included in the ordinal logistic regression analysis
met the assumptions of the statistical model—the dependent
variable (ie, external IA symptoms) was treated as an ordinal
variable, and the independent variables (ie, subjective happiness
with nonessential internet use time, essential internet use time,
and nonessential internet use time) were treated as continuous

variables. The assumption of no multicollinearity was assessed
by examining the VIFs, and the result (VIFs<1.1) indicated no
multicollinearity. The results revealed that all 3 predictors were
associated with changes in the external IA symptoms.
Nonessential internet use time was associated with an increase
in external IA symptoms (OR 1.19, 95% CI 1.03-1.39; P=.02).
Essential internet use time was associated with an increase in
external IA symptoms (OR 1.24, 95% CI 1.05-1.46; P=.01).
Similarly, a higher unhappiness with nonessential internet use
time was associated with increased external IA symptoms (OR
1.75, 95% CI 1.28-2.44; P<.001).

Table 10. Ordinal logistic regression predicting external internet addiction symptoms in middle adolescents.

P valueORa (95% CI; SE)Predictor

<.0011.75 (1.28-2.44; 0.56)Subjective happiness with nonessential internet use time

.021.24 (1.05-1.46; 0.21)Essential internet use time

.011.19 (1.03-1.39; 0.18)Nonessential internet use time

aOR: odds ratio.

A binary logistic regression was performed to assess the impact
of subjective happiness with nonessential internet use time on
the likelihood of being a dependent internet user (addicted)
versus a nondependent internet user (unaddicted). The reference
category was coded as class 1, representing nondependent
internet users. The OR of 0.66 (95% CI 0.47-0.92) indicated
the effect size. The F-measure was 75%. The results indicated
a significant association between subjective happiness with
nonessential internet use time and IA (P=.01), suggesting that
higher levels of unhappiness were associated with a decreased
likelihood of being unaddicted to the internet.

Discussion

Principal Findings
This study aimed to enhance our understanding of adolescent
IA by addressing 3 key RQs. First, we examined the significance
of differentiating between essential and nonessential internet
use in relation to IA, offering a more nuanced view of IA beyond
that of total screen time that is found in previous research.
Second, we investigated whether subjective happiness linked
to time spent on nonessential internet use could predict IA in
adolescents. Finally, by studying early and middle adolescents
separately, we identified age-specific differences in how time
spent on essential and nonessential internet use and the related
happiness contribute to IA.

Consistent with the extensive existing literature on IA, our study
demonstrated that excessive engagement in nonessential internet
activities, such as social media and online gaming, positively
correlate with IA overall [62-64]. Furthermore, in our study,
essential internet use did not exhibit a significant correlation
with IA (P=.94 for early adolescents and P=.06 for middle
adolescents), suggesting that essential internet activities such
as remote learning or using the internet for school-required work
may not carry the same level of addiction risk. This is similar
to the results obtained in other studies [65,66]; Salubi et al [65]
found that there was no correlation between essential internet
use and IA among 390 surveyed university students in South
Africa, whereas Pjevac et al [66] found that IA was lowest
among adolescents who mostly used the internet for school
purposes. This distinction of the purposes of internet use enables
the development of targeted interventions and strategies to
effectively address this issue. As digital technology becomes
increasingly integral to tasks that once operated without it,
acknowledging this technological shift is essential in our
evolving digital society. It is necessary to recognize the evolving
landscape of digital technology use and interpret digital
technology use with caution, as emphasized by Squire and
Steinkuehler [67], before delving into the complexities of IA.
This caution entails considering the specific activities carried
out on the internet, the motivations driving them, and the
duration for which they occur.
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Our study highlights similarities and key differences in IA
between early and middle adolescents as our results revealed
that, among early adolescents, nonessential internet use
significantly predicted IA and its internal symptoms (related to
the self). However, middle adolescents exhibited a more
complex relationship with IA as both nonessential and essential
internet use, in addition to unhappiness with nonessential
internet activities, significantly predicted IA and its external
symptoms (related to others).

Our results suggest that early adolescents are more likely to
develop IA and experience internal IA symptoms as a result of
nonessential internet use, whereas this influence seems to
decrease as they get older. This finding is in line with the results
of a meta-analysis (of 20 studies) on IA in adolescents reporting
that IA is inversely proportional to age [57]. This difference
suggests that the impact of nonessential digital technology use
on IA may vary according to the developmental stage of
adolescents. One possible explanation is that early adolescents
are actively navigating their new identity and seeking peer
acceptance, which can make them more susceptible to excessive
use of digital technology [68]. The pressure to conform to peers’
behaviors and expectations may override their ability to exercise
self-control and resist the allure of digital technology [69].
Furthermore, in early adolescents, only nonessential internet
use increased the likelihood of external IA symptoms. Our
results are similar to those of a recent study that examined
sociodemographic factors related to IA among a sample of 1664
adolescents in Serbia. The study reported the lowest IA rates
among the younger adolescents and among those who used the
internet for the purpose of schoolwork [66]. Our results could
be interpreted as early adolescents not facing the same academic
pressures and responsibilities that drive older adolescents to the
excessive use of the internet for essential activities. Instead,
early adolescent IA is more related to recreational online
activities, underscoring the importance of tailoring preventive
interventions to focus on nonessential use, such as social media
and gaming, to equip early adolescents to develop healthier
digital habits. Parental involvement and supervision play a vital
role in preventing IA in early adolescents. Actively engaging
with children, establishing open communication channels, and
monitoring their digital technology use can create a supportive
environment and set boundaries for healthy digital behaviors
[27,70]. Emphasizing balance is also essential, highlighting the
need for a well-rounded lifestyle that includes academic tasks,
physical activities, face-to-face interactions, and nondigital
recreational pursuits [71]. Self-control in early adolescents may
be enhanced through self-control–training activities and
participation in self-control–promoting programs [72].

In contrast to the results for early adolescents, our results
demonstrated a more complex relationship between internet use
and IA in middle adolescents. Our study found that, while
nonessential internet use remains a significant predictor of IA,
subjective happiness with nonessential internet activities also
plays a role. Specifically, the unhappier middle adolescents
were with the time spent on nonessential internet use, the more
likely they were to experience IA. These findings are consistent
with the findings of a similar study that surveyed a sample of
adolescents and young adults (aged 15-24 years) and adults

(aged 25-64 years), where dissatisfaction with smartphone use
was linked to higher problematic internet use [73]. Our results
contribute to the literature as there is a lack of research
examining subjective happiness with digital technology use in
relation to IA in adolescents.

This can be attributed to the increased academic pressure and
the need to manage uncertainty, which drive middle adolescents
to spend more time on essential internet activities, such as online
educational tasks. The combination of information overload,
academic demands, and the desire to avoid having to deal with
uncertainty may lead to excessive internet use, further
exacerbating IA.

Moreover, middle adolescents exhibited a broader range of
factors influencing their external IA symptoms.

While, in early adolescents, only nonessential internet use
increased the likelihood of external IA symptoms, in middle
adolescents, both nonessential and essential internet use, as well
as unhappiness with the time spent on nonessential internet use,
increased external IA symptoms. This can be attributed to the
intensified academic pressure in combination with information
overload, leading them to neglect other aspects of their lives
and driving them to the excessive use of the internet to meet
academic demands [74,75]. The combination of these factors
heightens the risk of IA [76-78]. Furthermore, these academic
pressures can further impact social interactions as middle
adolescents prioritize academic performance, leading them to
show signs of stress in their engagement with others [74,79],
manifesting in external symptoms of IA, as observed in our
study. Recognizing the unique challenges faced by adolescents
at different developmental stages is crucial for effectively
tailoring preventive measures and interventions.

While our study focused on examining individual factors related
to IA, considering factors related to the specific context in which
our results were obtained should not be overlooked and could
provide a more holistic understanding of IA among adolescents.
Adolescents’ internet use and their susceptibility to IA are
influenced by cultural values, societal norms, and regional
habits. For instance, in the Middle East, where our study was
conducted, cultural expectations regarding academic
achievement and family roles may contribute to heightened
stress and pressure on adolescents [80,81], leading them to
spend more time on online activities such as social media and
gaming. The emphasis on academic success in our context
combined with limited outdoor recreational opportunities due
to the extremely hot climate might be driving adolescents to
spend more time indoors and engage in online recreational
activities, increasing their risk of IA.

In addition, the rapid digital transformation in the Middle East
has created new challenges and opportunities for adolescents
[82,83]. The increased availability of smartphones and internet
access as well as a growing digital culture have made it easier
for people to spend long hours on the web. While there are
positive aspects of digitalization, it also raises concerns about
the potential for excessive use and the development of IA. The
addition of environmental factors such as the local affluent
culture of convenience, the wide availability of digital devices
even at very young ages, and the wide presence of high-speed
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internet further influences how adolescents interact with digital
technology.

Our study has important implications for the field of IA and for
promoting healthier digital technology use habits in adolescents.
The findings suggest that interventions aimed at addressing IA
should focus on nonessential use specifically, particularly in
early adolescents, rather than considering internet use as a
whole. Because IA is a complex outcome influenced by multiple
physical, psychological, and technological factors rather than
a single issue, this targeted approach can help effectively address
the factors contributing to IA while considering the
developmental factors of adolescents. While there is a dearth
of data from the region, there is evidence from a systematic
literature review on policy and prevention approaches for
disordered gaming and internet use suggesting that, due to the
global prevalence of the phenomena and the geographically
dispersed nature of preventative programs, it is imperative that
prevention efforts be integrated across national borders while
taking cultural differences into consideration [84].

The following recommendations are a recapitulation of the
evidence produced by the limited international reviews that
have examined the effectiveness of programs and interventions
in the prevention of IA [71,84-87].

Early identification and intervention are key to addressing IA
among adolescents. Schools can implement evidence-based
prevention programs specifically targeting IA. These programs
can incorporate educational components, skill-building
exercises, and peer support networks to help adolescents develop
healthy online habits and balance their time between essential
and nonessential activities [87]. Comprehensive school-based
programs are essential to effectively address IA. These programs
should focus on increasing awareness, develop coping strategies,
and promoting responsible digital technology use. These
programs can be integrated into the school curricula and should
include methods to improve self-control and enhance knowledge
of the underlying processes that contribute to excessive online
activity, such as constant notifications [88,89]. In addition,
schools can implement practical digital well-being initiatives,
such as mindfulness exercises and the integration of technology
breaks into the daily schedule, to promote healthier digital
habits. Moreover, promoting digital literacy and responsible
digital technology use is crucial for educating adolescents on
the potential risks and consequences associated with excessive
digital technology use [90]. Given that adolescents’ behaviors
are largely shaped by other external factors such as their families
and external environments [21], schools play a crucial role in
extending these preventive programs to parents and caregivers.
Understanding children’s intentions when interacting with the
internet is crucial and emphasizes the need for smarter digital
parenting tools that provide enhanced monitoring and guidance.
A healthier digital environment can be created by considering
intentionality and using smart tools. Devices and programs
should be designed to isolate essential and nonessential uses,
advising children to avoid installing or visiting purely
nonessential social media applications and sites on the same
device in which they engage in essential activities.

These recommendations must be supported by designing and
enacting policies. Policy makers can design programs targeting
the broader environment in which adolescents live, addressing
the underlying factors contributing to maladaptive coping, such
as reducing academic pressure and improving family support.
By reducing dependence on nonessential internet use, these
policies, in turn, can empower adolescents to navigate their
digital environments more responsibly.

Certain limitations of this study must be considered when
interpreting the results. First, due to the cross-sectional design
of our study, the generalizability of our findings is limited.
Another limitation of our study was that the responses provided
by the adolescents were based on self-report, potentially
introducing reporting bias. It is possible that the adolescents
did not accurately report the time spent on essential and
nonessential activities and symptoms of IA. To mitigate the
influence of reporting bias, future studies should incorporate
objective measures, such as using data on actual screen time,
instead of relying solely on self-reported information. Another
limitation of this study is that the context of essential and
nonessential internet use could have been interpreted by
adolescents based on their subjective experiences and
perceptions. For example, spending time with friends on social
media during the examination period may be considered
essential for adolescents who want to receive moral support
from their colleagues. Nevertheless, our study left it at the
discretion of the participants. The impact of the specific activity
or content that adolescents consume or spend excessive time
on and the effect it has on them should be scrutinized in more
detail and is an area that requires attention. Our sample’s gender
imbalance, which was characterized by a higher proportion of
female participants, may restrict the generalizability of the
results to both genders. Furthermore, we adhered to sample size
estimates using the method by Green [49] to guarantee sufficient
statistical power for our study. The deliberate choice not to
segregate the sample by gender was made to ensure that the
sample size remained sufficient for obtaining consistent and
dependable regression results. The male sample was relatively
too small to allow for that option. Although the existing
literature on gender differences in IA is inconclusive, with
research presenting inconsistent findings [91-95], it is important
to exercise caution when interpreting the results of this study
due to the higher proportion of female participants. Future
studies should aim for a more even gender distribution to
comprehensively investigate any disparities in IA between male
and female individuals.

The strength of our study lies in its inclusion of a non-WEIRD
population, specifically focusing on adolescent IA in the Middle
East, where limited research on this area has been conducted.
Another strength of our study is that it addresses the research
gap by examining both essential and nonessential internet use
in the same sample. While previous research has explored the
different online activities that contribute to IA [65,96], few
studies have specifically investigated the impact of essential
and nonessential internet use within a single study. Another
strength of our study lies in the separate analysis of IA factors
in early and middle adolescents, which allowed us to capture
the unique dynamics and influences shaping IA in each age
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group, thus enhancing the understanding of IA in relation to
developmental stages.

Conclusions
In conclusion, this study sheds light on the complex relationship
between digital technology use and IA among early and middle
adolescents. For many years, screen time has been widely used
as a prominent measure to assess the extent of IA among
adolescents. As the digital society continues to evolve rapidly,
relying on screen time as a stand-alone criterion fails to provide
a comprehensive understanding of phenomena such as IA.

Therefore, it is imperative to distinguish between essential and
nonessential digital technology use, acknowledging diverse
activities and their implications for a better understanding of
individuals’ engagement with digital technology. The findings
of our study provide valuable insights for researchers,
practitioners, and policy makers in addressing IA among
adolescents. By recognizing the distinct nature of internet
activities and considering developmental factors, effective
interventions and strategies can be developed to promote healthy
digital technology use and prevent IA in adolescents.
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Abstract

Background: Dispensing errors significantly contribute to adverse drug events, resulting in substantial health care costs and
patient harm. Automated pill verification technologies have been developed to aid pharmacists with medication dispensing.
However, pharmacists’ trust in such automated technologies remains unexplored.

Objective: This study aims to investigate pharmacists’ trust in automated pill verification technology designed to support
medication dispensing.

Methods: Thirty licensed pharmacists in the United States performed a web-based simulated pill verification task to determine
whether an image of a filled medication bottle matched a known reference image. Participants completed a block of 100 verification
trials without any help, and another block of 100 trials with the help of an imperfect artificial intelligence (AI) aid recommending
acceptance or rejection of a filled medication bottle. The experiment used a mixed subjects design. The between-subjects factor
was the AI aid type, with or without an AI uncertainty plot. The within-subjects factor was the four potential verification outcomes:
(1) the AI rejects the incorrect drug, (2) the AI rejects the correct drug, (3) the AI approves the incorrect drug, and (4) the AI
approves the correct drug. Participants’ trust in the AI system was measured. Mixed model (generalized linear models) tests were
conducted with 2-tailed t tests to compare the means between the 2 AI aid types for each verification outcome.

Results: Participants had an average trust propensity score of 72 (SD 18.08) out of 100, indicating a positive attitude toward
trusting automated technologies. The introduction of an uncertainty plot to the AI aid significantly enhanced pharmacists’ end
trust (t28=–1.854; P=.04). Trust dynamics were influenced by AI aid type and verification outcome. Specifically, pharmacists
using the AI aid with the uncertainty plot had a significantly larger trust increment when the AI approved the correct drug
(t78.98=3.93; P<.001) and a significantly larger trust decrement when the AI approved the incorrect drug (t2939.72=–4.78; P<.001).
Intriguingly, the absence of the uncertainty plot led to an increase in trust when the AI correctly rejected an incorrect drug, whereas
the presence of the plot resulted in a decrease in trust under the same circumstances (t509.77=–3.96; P<.001). A pronounced
“negativity bias” was observed, where the degree of trust reduction when the AI made an error exceeded the trust gain when the
AI made a correct decision (z=–11.30; P<.001).

Conclusions: To the best of our knowledge, this study is the first attempt to examine pharmacists’ trust in automated pill
verification technology. Our findings reveal that pharmacists have a favorable disposition toward trusting automation. Moreover,
providing uncertainty information about the AI’s recommendation significantly boosts pharmacists’ trust in AI aid, highlighting
the importance of developing transparent AI systems within health care.
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Introduction

Background
Pharmacists play a pivotal role in ensuring patients receive the
correct medications as prescribed by health care providers. This
involves a critical verification task, where pharmacists must
match the medication dispensed in filled bottles with the
prescription labels. Dispensing errors, defined as instances when
patients receive the wrong drug or dosage, significantly
contribute to preventable adverse drug events, leading to
approximately 700,000 emergency department visits and
100,000 hospital admissions each year [1]. Several challenges
contribute to these errors including, but not limited to,
limitations in current technology; lack of standardized
procedures; and the high cognitive workload imposed on
pharmacy staff, who often manage numerous tasks
simultaneously [1-4]. To enhance patient health outcomes,
reduce unnecessary health care costs, and alleviate the burden
on pharmacists, it is essential to develop and implement reliable
tools that minimize the risk of dispensing errors [5].

Since the 1990s, the implementation of barcode scanning
systems has been advocated as a means to reduce medication
errors [6]. The adoption of such systems within pharmacies and
broader health care environments has led to a notable reduction
in medication errors [7-10]. Nevertheless, research indicates
that barcode scanning systems are not immune to workarounds
and human errors [11-13]. Moreover, these systems do not
adequately address the challenges faced by overburdened
pharmacists [14-17].

In response to these challenges, pill counting and verification
or recognition systems using image classification technologies
have emerged [18-21]. Innovations like Eyecon and VIVID use
vision-based methods to count medications placed on the tray.
More recently, advancements have been made in automated pill
identification through feature engineering. For example, Yu et
al [22] and Yu et al [23] proposed an automatic pill recognition
method based on pill imprints, achieving an accuracy of 86.01%
and 90.46%, respectively. Caban et al [18] used a modified
shape distribution technique to determine the shape, color, and
imprint of a pill to identify the drug. The proposed technique
was evaluated with 568 of the most prescribed drugs in the
United States and achieved a 91.13% accuracy.

The advent of deep learning has further enhanced the capabilities
of automated pill recognition systems [5,24]. For instance,
Larios Delgado et al [5] developed a pill recognition method
using 2 deep learning models. They used a deep convolutional
neural network model for pill blob detection to isolate the pill
from the background and then passed the output to a deep
learning–based classifier to identify the 5 most likely pills with
94% accuracy [5]. Similarly, Wong et al [25] proposed a deep
convolutional network model and achieved a mean accuracy of

95.35%. Lester et al [24] trained a ResNet-18 deep learning
model to predict the labeled features of a medication product
using an image showing medication inside a filled prescription
bottle. In a test set containing 65,274 images of 345 unique oral
drug products, the overall macroaverage precision, that is, the
mean of precision values for each class, was 98.5%.

Despite the impressive strides in model accuracy, realizing the
potential of these technologies is only possible if people
establish appropriate trust in them. Trust in automation, defined
as “the attitude that an agent will help achieve an individual’s
goals in situations characterized by uncertainty and
vulnerability” [26], is one of the most crucial factors determining
the use of automation [27,28]. There is a growing body of
research examining people’s trust in autonomous and robotic
technologies in various domains, including transportation
[29-31], health care [32,33], education [34], and defense [35,36].
In addition, researchers have developed various methods to
enhance people’s (proper) trust in automation or autonomy
[37,38], including the use of various graphical representations
[37,39-42].

For example, a military perimeter defense experiment conducted
by Mercado et al [43] aimed to investigate the role of intelligent
agent transparency on operator trust. Participants were tasked
with selecting optimal routes for unmanned vehicles, assisted
by an artificial intelligence (AI) agent. The AI agent operated
at three levels of transparency: (1) basic details only; (2) basic
details supplemented with reasoning and rationale; and (3)
comprehensive information, including basic details, reasoning,
rationale, and uncertainty indication, in a text description. They
observed a positive correlation between transparency levels and
participant trust. They concluded that providing operators with
the agent’s reasoning process and uncertainty metrics fostered
a deeper understanding of the system’s capabilities, thereby
enhancing trust and increasing usability [43]. This finding
emphasizes the importance of transparent AI systems in
supporting effective human-machine collaboration.

Another study investigated the impact of visual explanations
on human trust in machine learning systems [40]. Participants
performed leaf classifying tasks with or without visual
explanations. The leaf examples were presented in 2 formats:
images and feature charts. Results revealed that providing visual
explanations enhanced trust and confidence in participants’
decision-making. Interestingly, the feature charts were designed
with intentional omissions of detailed explanations of features
to prevent information overload. However, this simplification
led participants to struggle to interpret the charts, and expert
users expressed a need for more comprehensive feature
descriptions to inform their decisions [40]. This insight reveals
the importance of integrating visual explanations with a
thoughtfully managed information load for appropriate human
trust.
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Signal detection theory (SDT) is commonly used to study trust
in automation by modeling the reliability of automated systems
used by human operators. SDT evaluates how AI systems
distinguish signals from noise, categorizing the state of the
world as either “signal present” or “signal absent.” Based on
SDT categorization, AI performance results in 4 outcomes: hit
(error flagged correctly), miss (error not flagged), false alarm
(FA; no error, but flagged incorrectly), and correct rejection
(CR; no error and no flag). Correct identifications (hit and CR)
increase trust, while incorrect ones (FA and miss) decrease trust
[44,45]. Research indicates that FAs typically reduce trust less
than misses, prompting designers to design more liberal systems
(ie, more willing to flag an error) with higher rates of FAs to
ensure potential issues are flagged [46-48]. In the context of
pill dispensing, FAs may lead to minor disruptions, while misses
could lead to dispensing errors, indicating that a more liberal
AI system prioritizing safety by minimizing misses is beneficial.

Objectives
This study, therefore, aimed to explore pharmacists’ trust in
automated pill verification technology, which is designed to
assist with the critical task of medication dispensing.
Specifically, we aimed to study the role of presenting AI
uncertainty information on pharmacists’ trust in the system.
The primary hypothesis was as follows:

• H1: Presenting AI uncertainty information of predicted
probability in a visualization format will increase AI
transparency, leading to enhanced pharmacists’ trust in pill
verification technology.

Beyond this primary focus, we also explored how pharmacists’
trust behavior varied across different AI performance patterns
categorized by SDT. Drawing from these arguments, we derived
the following hypotheses:

• H2: Misses would result in a more significant decline in
trust compared to FAs.

• H3: Furthermore, given the differing consequences
associated with the 4 SDT patterns, we speculate that
presenting AI uncertainty information might have varying
effects depending on the specific type of patterns.

Methods

Ethical Considerations
This research was exempt from institutional review board
oversight by the University of Michigan (HUM#00213493).
Before participating, participants signed an electronic informed
consent form, and all data were collected anonymously.
Participants received US $150 upon completion of the study.

Recruitment and Participants
Recruitment emails were dispatched to pharmacists through the
Minnesota Pharmacy Practice-Based Research Network and
the University of Michigan College of Pharmacy Pharmacist
Preceptor Network. To meet the inclusion criteria, pharmacists
were required to (1) be licensed pharmacists in the United States,
(2) be aged at least 18 years, and (3) have access to a laptop or
desktop computer with a webcam. Pharmacists who (1) require
assistive technology to use the computer; (2) wear eyeglasses
with more than one power; (3) have uncorrected cataracts,
intraocular implants, glaucoma, or permanently dilated pupils;
and (4) have eye movement or alignment abnormalities (eg,
lazy eye, strabismus, nystagmus) were excluded from
participation in the study (Figure 1). A total number of 30
licensed pharmacists in the United States completed the study.
Table 1 shows the demographic information.

Figure 1. Participant recruitment timeline.
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Table 1. Participant demographic information (n=30).

ValueCharacteristic

39.40 (11.23)Age (years), mean (SD)

Sex, n (%)

17 (57)Female

13 (43)Male

Practice setting, n (%)

15 (50)Community pharmacy

6 (20)Hospital pharmacy

1 (3)Specialty pharmacy

1 (3)Grocery store or mass merchandise pharmacy

7 (23)Other

Years worked, n (%)

7 (23)1-5

7 (23)6-10

10 (33)11-20

6 (20)21 or more

AI Model
The AI model used in this study is a Bayesian neural network
that predicts the National Drug Code (NDC), a unique identifier
assigned by the Food and Drug Administration to catalog drug
products in the United States [49,50]. The Bayesian neural
network used a technique known as random dropout [51],
applied to a ResNet-34 convolutional neural network
architecture [52] to estimate the probability associated with
each NDC (ie, each class). The model produced 50 different
predictions, where each prediction is a probability vector that
quantifies the probabilities that an input belongs to each of the
NDCs. The predicted NDC was then attained by finding the
highest average probability derived from the 50 predictions.

To train the AI model, we acquired a dataset of 432,974 images
from a mail-order pharmacy in the United States. This pharmacy
uses a robotic system that counts pills, fills and labels the bottle,
captures the images of the contents, and seals the bottle with a
cap. The image dataset consists of 1 year’s worth of
robot-captured images of oral medications, such as tablets and
capsules, inside prescription bottles filled by the robotic system.
Each image in the dataset is associated with an NDC label and
various attributes of color, shape, size, manufacturer, tablet
scoring, and imprint. The number of images available for each
NDC varied, ranging from 3 to 12,105, with a median of 540
(IQR 257-1291). The medications featured in these datasets
were classified into 12 different colors and 7 distinct shapes.
The detailed classification is shown in Table 2.
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Table 2. Percentage of medication characteristics featured in the training dataset (N=260,119).

Dataset, n (%)Characteristics

Colors

109,487 (42.1)White

32,041 (12.3)Yellow

23,585 (9.1)Pink

18,541 (7.1)Orange

15,289 (5.9)Multicolor

13,644 (5.2)Green

13,474 (5.2)Red

12,452 (4.8)Blue

9792 (3.8)Brown

8184 (3.1)Purple

1858 (0.7)Turquoise

1772 (0.7)Gray

Shapes

128,947 (49.6)Round

86,844 (33.4)Oval

42,040 (16.2)Capsule

1150 (0.4)Hexagon (6-sided)

738 (0.3)Triangle

280 (0.1)Trapezoid

120 (0)Pentagon (5-sided)

Experimental Testbed and Stimuli
In the experiment, participants performed a pill verification task
with the help of an imperfect AI aid that recommends whether
to accept or reject a filled medication. The participant’s task
was to verify whether the filled medication matched the
reference image. If the reference image and filled medication
did not match, the correct action was to click “reject.” If the
reference image and filled medication matched, the correct
action was to click “accept.”

The user interface was designed following pharmacists’
feedback from a focus group study conducted by the research
team [50]. The interface displayed an image of a filled
medication, a reference image, prescription information, and
AI aids. There were 2 types of AI aids powered by the same AI
model: one aid augmented with an uncertainty plot indicating
the degree of certainty (or uncertainty) of the AI
recommendation, and the other aid without this feature. Both
AI aids recommend the action the pharmacist should take, using

4 checkboxes. A recommendation to accept was indicated when
all four checkboxes turned green (Figure 2); otherwise, the
recommendation was to reject. For the AI aid with the
uncertainty plot, an additional histogram was integrated (Figure
3). The histogram displayed the distribution of the 50
probabilities for the predicted NDC, generated by the 50
predictions. The purpose of the histogram was to provide a
visual representation of the certainty or uncertainty level
associated with the AI’s NDC prediction.

With the help of an AI aid, participants performed a block of
100 pill verification trials. The experimental stimuli for the 100
trials, including the reference NDC and the filled medication,
were carefully selected from the dataset of 432,974 images. The
selection process ensured a broad representation of colors and
shapes (Table 3), while blurry images were excluded to maintain
clarity. To minimize learning effects, each reference NDC was
intentionally shown no more than twice throughout the
experiment.
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Figure 2. Interface for the AI aid without the uncertainty plot. Checkboxes indicate AI’s recommendation. When all 4 checkboxes are green, the AI
advises to accept; otherwise, it advises to reject. AI: artificial intelligence; NDC: National Drug Code.

Figure 3. Interface for the AI aid with the uncertainty plot. In addition to Figure 2, the histogram shows the distribution of the 50 predicted probabilities
associated with the predicted NDC. AI: artificial intelligence; NDC: National Drug Code.
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Table 3. Percentage of medication characteristics featured in artificial intelligence–aided trials (N=100) for reference images and filled images.

Filled, n (%)Reference, n (%)Characteristics

Color

37 (37)35 (35)White

12 (12)12 (12)Yellow

8 (8)8 (8)Pink

8 (8)8 (8)Orange

3 (3)3 (3)Multicolor

6 (6)6 (6)Green

2 (2)3 (3)Red

10 (10)10 (10)Blue

10 (10)10 (10)Brown

3 (3)4 (4)Purple

1 (1)1 (1)Turquoise

0 (0)1 (1)Gray

Shape

51 (51)54 (54)Round

28 (28)24 (24)Oval

19 (19)19 (19)Capsule

1 (1)2 (2)Hexagon (6-sided)

0 (0)0 (0)Triangle

1 (1)1 (1)Trapezoid

0 (0)0 (0)Pentagon (5-sided)

Furthermore, the AI aid was not perfect for the 100 trials, that
is, it occasionally offered incorrect recommendations. Based
on SDT, we mapped out the relationship between the AI’s
recommendation and the true state of the world [53]. In the
context of this experiment, a signal in the world was an
incorrectly filled medication. The extent to which the AI
recommended rejecting an incorrectly filled medication reflects

its ability to detect the signal. The combination of the state of
the world and the AI’s recommendation resulted in four potential
outcomes: (1) the AI rejects the incorrect drug (hit), (2) the AI
approves the incorrect drug (miss), (3) the AI rejects the correct
drug (FAs), and (4) the AI approves the correct drug (CRs), as
shown in Figure 4.

Figure 4. Four potential AI performance patterns according to signal detection theory. AI: artificial intelligence.

JMIR Hum Factors 2025 | vol. 12 | e60273 | p.1219https://humanfactors.jmir.org/2025/1/e60273
(page number not for citation purposes)

Kim et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Benchmarking prior literature [54], the base rate was set to be
24%, that is, 24% of the trials contained wrongly filled
medication. The AI accuracy was set as 82% to ensure that the
AI would be perceived as useful while providing sufficient
misses and false alarms [55]. By combining the filled image
accuracy and AI accuracy, there were 60 cases of the AI
approving the correct drug, 22 cases of the AI rejecting the
incorrect drug, 2 cases of the AI approving the incorrect drug,
and 16 cases of the AI rejecting the correct drug.

After each trial, participants received performance feedback
indicating the correctness of their decision to accept or reject,
as well as whether the prescription bottle was correctly or
incorrectly filled (ie, “Your decision was correct. The
medication was correctly filled”). Following this step,
participants reported their trust in the recognition AI on a visual
analog scale, with the leftmost point labeled “Not at all trust”
and the rightmost point labeled “Completely trust” (Figure 5)
[44,56,57].

Figure 5. Participants reported their trust in the recognition AI on a visual analog scale. AI: artificial intelligence.

Experimental Design
The experiment used a mixed subjects design. The
between-subjects factor was the type of AI aid, distinguished
by the presence or absence of an uncertainty plot. The
within-subjects factor was the four potential outcomes: (1) the
AI rejects the incorrect drug, (2) the AI rejects the correct drug,
(3) the AI approves the incorrect drug, and (4) the AI approves
the correct drug (Figure 4).

Half of the participants used the AI aid without the uncertainty
plot, and the other half used the AI aid with the uncertainty plot.
Each participant completed 2 blocks of 100 trials each. One
block involved using the AI aid (either with or without the
uncertainty plot), and the other block required participants to
perform the task manually. The order of the 2 blocks was
counterbalanced. Additionally, benchmarking prior literature
[45], the trial sequence was fixed for the 100 trials in each block.

As this study is focused on the pharmacists’ trust in AI, data
from the manual task block were excluded from the analysis,
concentrating the study’s findings on interactions involving the
AI aid.

Measures

Trust propensity
Before the experiment, we measured participants’ trust
propensity using the 6-item survey used by Merritt et al [58].
Trust propensity is “a stable, trait-like tendency to trust or not
trust others” [59], and the propensity to trust machines reflects
a person’s tendency to trust machines in general rather than in
a particular machine.

End Trust
End trust, Trust(100), is the participant’s final trust rating after
interacting with the AI help scenario.

Average Trust
Average trust denotes the mean of moment-to-moment trust
ratings collected throughout the experiment.

Trust Change
After each trial i, participants reported their Trust(i) in the AI.
We calculated a trust change as follows.

Trust change (i) = Trust(i) – Trust(i – 1), where i=2,
3, ..., 100.

Since the moment-to-moment trust was reported after each trial,
99 trust changes were obtained from each participant.

Experimental Procedure
The experiment was conducted remotely with interested
participants who met the inclusion criteria. Each interested
individual was phone screened to determine their eligibility.
Before each experiment, participants had a brief web-based
meeting with a member of the study team to ensure that the
physical environment, including lighting conditions, was suitable
for the experiment. Subsequently, the pharmacists were directed
to Labvanced’s website on their computer and presented with
a 15-minute video tutorial that explained how to perform a
simulated medication verification task using the testbed
interface. Pharmacists were informed that the objective of the
task was to determine whether an image of a filled medication
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bottle matched a known reference image. The tutorial also
explained the 2 AI aids.

Before engaging in the verification task, participants were
directed to complete a demographics survey and a trust
propensity survey [58]. Additionally, they went through a set
of calibration procedures for the eye-tracking software.
Participants then completed a block of 100 verification trials
using an AI aid—either with or without the uncertainty
plot—and another block of 100 verification trials manually,
conducted in a counterbalanced order. Upon completion of the
200 trials, participants filled out a postexperimental survey and
answered nonmandatory free-response feedback questions. All
participants finished each block within the time limit of 60
minutes.

After completing all the tasks and surveys described earlier,
participants were invited to a 30-minute debriefing session with
one of the study team members. Study team members described
6 concepts of automation evaluation: observability,
predictability, directing attention, exploring solution space,
adaptability, and calibrated trust [60], and provided an example
scenario for each concept. After each description and example,
the participants were asked to provide their thoughts on how
the concept relates to our system.

Statistical Analysis
Participants’ trust propensity, end trust, and trust change when
using both types of AI aids were analyzed. First, we conducted
a descriptive analysis of the participants’ trust propensity. Then,

to test our directional hypothesis that AI aids with uncertainty
will result in higher end and average trust, we conducted a
1-tailed t test. Finally, we analyzed how trust increased and
decreased after participants experienced each of the 4 AI
performance patterns using mixed-linear models with random
intercept. Regression 2-tailed t tests were conducted to compare
the means between the 2 AI aids for each AI performance
pattern. The Kenward-Roger method was used to estimate
degrees of freedom. Mixed model (generalized linear models)
tests were conducted using the R (version 4.2.2; R Foundation
for Statistical Computing) lme4 package [61]. All statistical
significance was determined at the ɑ=.05 level and analyses
were carried out using R statistical software [62].

Results

Trust Propensity
Participants had an average trust propensity score of 72 (SD
18.08) out of 100, indicating the participants generally had a
positive attitude toward trusting automated technologies. There
was no significant difference between the 2 AI aids (t28=–0.854;
P=.20; Cohen d=.312).

End Trust Toward AI Aid
The 1-tailed t test indicated that participants trusted the AI aid
with the uncertainty plot significantly more than the AI aid
without the plot at the end of the experiment (t28=–1.854; P=.04;
Cohen d=–.677; Figure 6).

Figure 6. Mean end trust by AI aid help type (with or without the uncertainty plot). The error bars represent a 95% CI. AI: artificial intelligence.

Average Trust Toward AI Aid
Participants showed a slightly higher average trust in the AI aid
in the with-uncertainty condition (mean 76.92, SD 13.42) than

in the without-uncertainty condition (mean 70.29, SD 20.88;
Figure 7). However, the difference did not reach statistical
significance (t28=–1.036; P=.16; Cohen d=–.378).
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Figure 7. Mean average trust by AI aid help type (with or without the uncertainty plot). The error bars represent a 95% CI. AI: artificial intelligence.

Trust Change
Figure 8 shows the trust change after participants experienced
the 4 AI performance patterns. When the AI approved the correct
drug, there was a significantly greater trust increment when
participants used the AI aid with the uncertainty plot compared
to the one without (t78.98=3.93; P<.001; Cohen d=.214); When
the AI approved the incorrect drug, there was a significantly
greater trust decrement using the AI aid with the uncertainty
plot (t2939.72=–4.78; P<.001; Cohen d=.712). Interestingly, when
the AI rejected the incorrect drug, we observed a decrement of
trust for participants using the AI aid with the uncertainty plot
(t509.77=–3.96; P<.001; Cohen d=.312). When the AI rejected
the correct drug, both AI help types showed a decrease in trust
and there was no statistical difference between them
(t856.57=–0.68; P=.49; Cohen d=.045). Overall, participants using
the AI aid with the uncertainty plot displayed a large magnitude
of trust adjustment. In addition, we observed a significant
“negativity bias” in that the magnitude of trust change when
the AI made an error (ie, the AI approves the incorrect drug or
the AI rejects the correct drug) was significantly larger than the
magnitude of trust adjustment when the AI provided correct
recommendations (generalized linear model test; z=–11.30;
P<.001).

To examine variation in pharmacists’ trust behavior across
different AI performance patterns categorized by SDT, we
initially combined the data from both the with and without
uncertainty help scenarios. Trust decreased significantly more
when the AI approved the incorrect drug compared to when the
AI rejected the correct drug (t509=–4.687; P<.001; Cohen
d=.475). This trend was observed in the with-uncertainty AI
help scenario (t254=–4.91; P<.001; Cohen d=.758). However,
in the without-uncertainty AI help scenario, although there was
a greater trust decrease in trust when the AI approved the
incorrect drug than when the AI rejected the correct drug, the
difference was not statistically significant (t254=–1.14; P=.255;
Cohen d=.014).

As we measured participants’ trust toward AI continuously, we
calculated the autocorrelation between the trust ratings.
Autocorrelation measures the relationship between a variable’s
current value and its past values in a time series. Figure 9 shows
the mean autocorrelation as a function of time separation
between the ratings. For both AI aids, the correlation decreased
as the time separation increased. The AI aid with the uncertainty
plot had a lower mean autocorrelation compared to the aid
without the uncertainty plot (Figure 9).
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Figure 8. Trust change for different AI performance patterns. Red shades represent negative trust change, and blue shades represent positive trust
change.

Figure 9. Autocorrelation of trust as a function of time separation. The blue solid line represents AI aid with the uncertainty plot, and the red dashed
line represents the AI aid without the uncertainty plot. The error bars represent 2 SEs. AI: artificial intelligence.

Discussion

Principal Findings
This study aimed to investigate pharmacists’ trust in automated
pill verification technology and how the presentation of AI
uncertainty information would influence them. Overall, the
findings revealed that pharmacists have a favorable disposition
toward trusting automation, and including the AI’s uncertainty

information increases pharmacists’ trust in the AI
recommendation (Figure 6).

Comparison With Prior Work
The propensity to trust automation refers to an individual’s
general inclination to trust automated or autonomous systems,
shaped by their past experiences and future expectations [58,59].
Research has shown that levels of trust propensity vary among

JMIR Hum Factors 2025 | vol. 12 | e60273 | p.1223https://humanfactors.jmir.org/2025/1/e60273
(page number not for citation purposes)

Kim et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


individuals. For example, an early study by Merritt et al [58],
which included 69 college students (average age of 25 years),
found an average trust propensity of 3.56 (SD 0.6) on a 7-point
Likert scale [59]. More recently, Montag et al [63] surveyed
289 participants aged between 18 and 70 years and reported
their propensity to trust automation to be 4.98 (SD 1.06) after
converting to a 7-point Likert scale. Similarly, Miller et al [64]
reported a trust propensity score of 4.97 (SD 1.21) from a
smaller cohort of 28 participants aged between 18 to 60 years.
Another investigation by Yang et al [65] with 75 adults (mean
age 23.0) split into 3 groups reported trust propensity scores of
72.6 (SD 14.8), 69.4 (SD 10.4), and 69.4 (SD 14.4), equivalent
to average scores of 5.08 (SD 1.89), 4.86 (SD 1.62) and 4.86
(SD 1.86) on a 7-point Likert scale.

In line with these findings [63-66], our study revealed that
pharmacists generally have a favorable disposition toward
trusting automation, with an average rating of 72 (SD 18.08)
on a 100-point scale, or 5.03 (SD 2.09) on a 7-point Likert scale.
This positive attitude may be attributed to the frequent use of
automated technologies, such as barcode scanners and pill
counters in their daily work [6,7]. Additionally, as expected,
no significant difference was observed between the groups using
different AI aids because the participants were randomly
assigned to use either of the AI aids.

Examining pharmacists’ end trust, our findings reveal that the
AI aid with the uncertainty plot significantly enhanced the end
trust scores. We attribute this enhancement to the increased
transparency achieved through the presentation of a histogram
showing the distribution of 50 predicted probabilities. While
AI advancements promise to improve human performance, a

prevailing issue is the perception of AI as a “black box.” This
lack of transparency contributes to a lack of trust in AI and can
undermine team performance [66-68]. The higher end trust
observed in participants using the AI aid with the uncertainty
plot indicates that making the AI more transparent by revealing
its decision-making process can foster a higher level of trust in
automation. Participants 14 and 24 captured this sentiment well
stating: “As soon as the uncertainty plot became red and yellow,
I slowed down, which could be helpful because sometimes
slowing down when there is uncertainty, just knowing there’s
uncertainty, is enough” (P14) and “if the uncertainty plot was
all green bar and AI thought it was doing a 100% accurate job
then it was easier to make my decision” (P24).

Regarding the dynamics of trust, that is, moment-to-moment
trust change, when AI approved the correctly filled bottle, we
noted trust increments for both AI aids. Furthermore, the
inclusion of uncertainty information led to a larger increment
in trust compared to when such information was absent. When
the AI mistakenly approved the incorrect drug, we observed a
significant trust decrement for both AI aids, potentially attributed
to the adverse outcome associated with the wrong medication.
Furthermore, the trust decrement was significantly larger when
the uncertainty information was shown. This pronounced trust
decrement could have resulted directly from the distribution of
the histogram: participants were shown a histogram indicating
a high level of certainty (Figure 10A). Therefore, participants
may have perceived the error made by the AI aid as a
“confident” error and therefore reduced their trust even more.
Studies examining likelihood alarms reported that highly likely
alarms (ie, “confident” alarms) engender a greater decline in
momentary trust upon automation failures [57,69].

Figure 10. Uncertainty plots with (A) narrower and (B) wider IQRs. IQR is a measure of statistical dispersion, or how spread out the data points are.

Our study also offers additional validation of prior findings
regarding the SDT modeling of trust [47,48]. When the AI
mistakenly approved the incorrect drug (miss), a greater trust
decrease appeared compared to when the AI rejected the
correctly filled bottle (FA). However, the difference was
statistically significant only in the with-uncertainty AI help
type. This finding may provide further evidence that “confident”
AI errors lead to a greater trust decrement [57,69].

Intriguingly, when the AI rejected an incorrectly filled bottle,
the absence of uncertainty information resulted in an increase

in trust, whereas the presence of such information led to a
decrease in trust. Such contrasting results could have stemmed
from the uncertainty plots influencing the participants’
decision-making process. When the AI approved the correct
drug, all uncertainty plots presented to participants showed a
consistent solid green bar (Figure 10A). However, when the AI
rejected the incorrect drug, the IQR of the uncertainty plot was
broader, indicating the lack of certainty (Figure 11). A total of
16 (73%) out of 22 uncertainty plots displayed a wider spread
with mixed color bars (Figure 10B). This ambiguity might
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unintentionally cause the human participants to doubt the
capability of the AI aid with the uncertainty plot, resulting in a
decrease in their trust, as evidenced by P18’s statement: “When
the checkboxes were not all green and the histogram had a bunch

of colors (variability), I was even less trusting of the AI tool.”
This perspective is also supported by P25, who noted: “When
the uncertainty plot had some red, it made me double check and
decreased my confidence for sure.”

Figure 11. Mean IQR by outcome pattern. The error bars represent a 95% CI. AI: artificial intelligence.

Finally, when AI rejected the correctly filled bottle, trust
decrements occurred, with no significant differences between
the 2 AI aids. If this circumstance happened in the real world,
the pharmacists would reinspect the filled prescription. It will
likely lead to an increased workload, fatigue, and stress, which
could potentially lead to a lower quality of work and a higher
frequency of errors [70,71]. However, P21 offered a contrasting
viewpoint that more flagging would be better than AI approving
the incorrect, highlighting: “I didn’t lose as much trust when
AI rejected the correct drug. I feel like AI should be there as a
cautionary tool.”

The observed trends in the moment-to-moment dynamics of
trust indicate a greater degree of trust adjustment when
participants were assisted by the AI with the uncertainty plot.
This observation is further confirmed by the autocorrelation
analysis. Specifically, the trust autocorrelation plot (Figure 9)
reveals a lower autocorrelation between trust ratings when the
uncertainty information was presented. This suggests that current
trust levels were less influenced by past trust levels, implying
more significant changes in trust from moment to moment.
Pharmacists relied less on previous trials and more on the
information presented in the present trial, highlighting the
advantages of a more transparent display.

In addition, for both AI aids, participants displayed a larger trust
decrement due to incorrect automation predictions. Even though
these observations may seem alarming initially, they align with
the prior literature addressing negativity bias. The study suggests
that failure in automation typically has a more significant
negative impact on trust than a positive impact from successful
automation [56,65].

Limitations and Future Directions
We acknowledge several limitations of this study and propose
directions for future research. First, as a pioneering investigation
in this domain, we did not strictly control the interquartile range
of the uncertainty plot (Figure 11). Future investigation should
systematically examine the effects of presenting different
distributions within the uncertainty plot on pharmacists’ trust.
Exploring similar variations in the IQR among different outcome
patterns could provide a deeper understanding of how outcome
patterns could impact trust while avoiding potential confounding
factors.

Second, the uncertainty plot used in this study displayed the
distribution of only 1 (2%) out of 50 probabilities for the
predicted NDC. Future research should consider incorporating
additional contextual information to enhance the interpretability
of these distributions. A notable challenge identified was that
users unfamiliar with statistical representation found the
uncertainty plot difficult to understand. P11 suggested
simplifying the uncertainty presentation because “it would be
a little bit too much for some people not as comfortable with
statistics or technology.” Nonetheless, there is potential for
pharmacists to become more comfortable with these plots with
prolonged use and training, as evidenced by P30’s remark: “I
started skeptical because it’s something I’m not familiar with,
but as I got more examples of it, my trust built up quickly.”
Consequently, researchers should continue to develop alternative
visualization techniques that provide a more comprehensive
and intuitive representation of the AI’s uncertainty, while
maintaining a low complexity to accommodate users with
varying degrees of statistical proficiency.
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Third, this exploratory study was limited by a small sample
size, which may have impacted the statistical power of the
analyses on trust propensity, end trust, and average trust. This
limitation likely contributed to the lack of significance observed
in some results. However, despite being underpowered, our
analysis still revealed a significant difference in end trust,
indicating a large effect size. Regarding trust change, to maintain
the AI’s perceived usefulness while still providing enough
examples of both misses and FAs, we incorporated only 2 trials
of the AI approving the incorrect drug (miss) and 16 trials of
the AI rejecting the correct drug (FA), setting the accuracy at
82%. The statistical power to detect significant differences may
have been compromised by the small sample sizes. Future
research should aim to include larger participant pools to
enhance the generalizability and robustness of the findings.

Finally, this study only focused on pharmacists’ trust and trust
change and did not include the analysis of accuracy and reaction
time. Even though focusing on trust alone is an accepted practice
[53], a more comprehensive analysis linking performance with
trust would likely reveal the relationship between performance
and trust calibration.

Conclusions
Dispensing errors are significant contributors to adverse drug
events, which lead to considerable health care expenses and

harm to patients. Despite progress made in developing
automated technologies to aid pill verification, pharmacists’
trust in these systems has not been thoroughly investigated. Our
research represents an initial exploration into pharmacists’ trust
in automated pill verification technology, marking a significant
step in understanding the integration of such systems into health
care settings.

Our findings reveal that pharmacists have a favorable disposition
toward trusting automation, which can likely be attributed to
their frequent use of automated technologies in their daily work.
Moreover, providing uncertainty information about the AI’s
recommendation significantly boosts pharmacists’ trust in the
AI aid, highlighting the importance of transparency in AI
development. The dynamics of trust vary depending on the AI’s
performance. Pharmacists using the AI aid with the uncertainty
plot had a significantly larger trust increment when the AI
approved the correct drug and a significantly larger trust
decrement when the AI approved the incorrect drug.
Intriguingly, the absence of the uncertainty plot led to an
increase in trust when the AI correctly rejected an incorrect
drug, whereas the presence of the plot resulted in a decrease in
trust under the same circumstances. In addition, a pronounced
“negativity bias” was observed, where the degree of trust
reduction when the AI made an error exceeded the trust gain
when the AI made a correct decision.

 

Acknowledgments
This research study was supported by the National Library of Medicine of the National Institutes of Health (R01LM013624).
The contents are solely the responsibility of the authors and do not necessarily represent the official views of the National Institutes
of Health.

Data Availability
The deidentified data produced in this study are available upon reasonable request through a data use agreement with the University
of Michigan.

Authors' Contributions
The authors confirm their contribution to the article as follows: study conception and design: JYK conducted subject testing,
conducted statistical analysis, interpreted the results, and wrote the manuscript, VDM conducted statistical analysis and interpreted
the results, BR conducted subject testing, QC interpreted the results, provided data for Tables 1, 2, and 3, YZ conducted subject
testing, JDL interpreted the results and provided suggestion for Figure 9, RAK interpreted the results, CL interpreted the results,
and XJY conducted statistical analysis, interpreted the results, and wrote the manuscript; All authors designed and conceptualized
the study, reviewed the results, and approved the final version of the manuscript.

Conflicts of Interest
None declared.

References
1. Reiner G, Pierce SL, Flynn J. Wrong drug and wrong dose dispensing errors identified in pharmacist professional liability

claims. J Am Pharm Assoc 2020;60(5):e50-e56. [doi: 10.1016/j.japh.2020.02.027] [Medline: 32217085]
2. Chui MA, Look KA, Mott DA. The association of subjective workload dimensions on quality of care and pharmacist quality

of work life. Res Social Adm Pharm 2014;10(2):328-340 [FREE Full text] [doi: 10.1016/j.sapharm.2013.05.007] [Medline:
23791360]

3. Chui MA, Mott DA. Community pharmacists' subjective workload and perceived task performance: a human factors
approach. J Am Pharm Assoc 2012;52(6):e153-e160 [FREE Full text] [doi: 10.1331/JAPhA.2012.11135] [Medline:
23229977]

JMIR Hum Factors 2025 | vol. 12 | e60273 | p.1226https://humanfactors.jmir.org/2025/1/e60273
(page number not for citation purposes)

Kim et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.japh.2020.02.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32217085&dopt=Abstract
https://europepmc.org/abstract/MED/23791360
http://dx.doi.org/10.1016/j.sapharm.2013.05.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23791360&dopt=Abstract
https://europepmc.org/abstract/MED/23229977
http://dx.doi.org/10.1331/JAPhA.2012.11135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23229977&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


4. Balchaites A, McCarthy S, Fleming A. Exploring the human factors of medication errors in community pharmacy: a mixed
methods study. Int J Pharm Pract 2022:i39-i40. [doi: 10.1093/ijpp/riac019.055]

5. Larios Delgado N, Usuyama N, Hall AK, Hazen RJ, Ma M, Sahu S, et al. Fast and accurate medication identification. NPJ
Digit Med 2019;2(1):10 [FREE Full text] [doi: 10.1038/s41746-019-0086-0] [Medline: 31304359]

6. Bates D. Using information technology to reduce rates of medication errors in hospitals. BMJ 2000;320(7237):788-791
[FREE Full text] [doi: 10.1136/bmj.320.7237.788] [Medline: 10720369]

7. Poon EG, Cina JL, Churchill W, Patel N, Featherstone E, Rothschild JM, et al. Medication dispensing errors and potential
adverse drug events before and after implementing bar code technology in the pharmacy. Ann Intern Med
2006;145(6):426-434. [doi: 10.7326/0003-4819-145-6-200609190-00006] [Medline: 16983130]

8. Poon EG, Keohane CA, Yoon CS, Ditmore M, Bane A, Levtzion-Korach O, et al. Effect of bar-code technology on the
safety of medication administration. N Engl J Med 2010;362(18):1698-1707. [doi: 10.1056/NEJMsa0907115] [Medline:
20445181]

9. Paoletti R, Suess T, Lesko M, Feroli AA, Kennel JA, Mahler JM, et al. Using bar-code technology and medication observation
methodology for safer medication administration. Am J Health Syst Pharm 2007;64(5):536-543. [doi: 10.2146/ajhp060140]
[Medline: 17322168]

10. Young D. Veterans Affairs bar-code-scanning system reduces medication errors. Am J Health Syst Pharm 2002;59(7):591-592.
[doi: 10.1093/ajhp/59.7.591] [Medline: 11944599]

11. Debono DS, Greenfield D, Travaglia JF, Long JC, Black D, Johnson J, et al. Nurses' workarounds in acute healthcare
settings: a scoping review. BMC Health Serv Res 2013;13:175 [FREE Full text] [doi: 10.1186/1472-6963-13-175] [Medline:
23663305]

12. Koppel R, Wetterneck T, Telles JL, Karsh B. Workarounds to barcode medication administration systems: their occurrences,
causes, and threats to patient safety. J Am Med Inform Assoc 2008;15(4):408-423 [FREE Full text] [doi:
10.1197/jamia.M2616] [Medline: 18436903]

13. Oldland AR, Golightly LK, May SK, Barber GR, Stolpman NM. Electronic inventory systems and barcode technology:
impact on pharmacy technical accuracy and error liability. Hosp Pharm 2015;50(1):34-41 [FREE Full text] [doi:
10.1310/hpj5001-34] [Medline: 25684799]

14. Buchanan TL, Barker KN, Gibson JT, Jiang BC, Pearson RE. Illumination and errors in dispensing. Am J Hosp Pharm
1991;48(10):2137-2145. [Medline: 1781468]

15. Gidman W. Increasing community pharmacy workloads in England: causes and consequences. Int J Clin Pharm
2011;33(3):512-520. [doi: 10.1007/s11096-011-9498-x] [Medline: 21424615]

16. Lea VM, Corlett SA, Rodgers RM. Workload and its impact on community pharmacists' job satisfaction and stress: a review
of the literature. Int J Pharm Pract 2012;20(4):259-271. [doi: 10.1111/j.2042-7174.2012.00192.x] [Medline: 22775522]

17. Peterson GM, Wu MSH, Bergin JK. Pharmacist's attitudes towards dispensing errors: their causes and prevention. J Clin
Pharm Ther 1999;24(1):57-71. [doi: 10.1046/j.1365-2710.1999.00199.x] [Medline: 10319909]

18. Caban JJ, Rosebrock A, Yoo TS. Automatic identification of prescription drugs using shape distribution models. 2012
Presented at: 19th IEEE International Conference on Image Processing; October 3, 2012; Orlando, FL p. 1005-1008.

19. Hamilton RN. Pharmacy pill counting vision system. Google Patents. 2004. URL: https://patents.google.com/patent/
US6574580B2/en [accessed 2025-01-10]

20. Popovich J, Jordan ML. Automated drug discrimination during dispensing. US Patent. 2011. URL: https://scholar.google.com/
citations?view_op=view_citation&hl=en&user=YAZqaxkAAAAJ&citation_for_view=YAZqaxkAAAAJ:WF5omc3nYNoC
[accessed 2025-01-13]

21. Wootton JR, Reznack VV, Hobson G. Pharmaceutical pill recognition and verification system. Google Patents. 2003. URL:
https://patents.google.com/patent/US6535637B1/en [accessed 2025-01-10]

22. Yu J, Chen Z, Kamata S. Pill recognition using imprint information by two-step sampling distance sets. 2014 Presented at:
22nd International Conference on Pattern Recognition; August 24-28, 2014; Stockholm, Sweden p. 3156-3161.

23. Yu J, Chen Z, Kamata S, Yang J. Accurate system for automatic pill recognition using imprint information. IET Image
Processing 2015;9(12):1039-1047. [doi: 10.1049/iet-ipr.2014.1007]

24. Lester CA, Li J, Ding Y, Rowell B, Yang, Kontar RA. Performance evaluation of a prescription medication image
classification model: an observational cohort. NPJ Digit Med 2021;4(1):118 [FREE Full text] [doi:
10.1038/s41746-021-00483-8] [Medline: 34315995]

25. Wong YF, Ng HT, Leung KY, Chan KY, Chan SY, Loy CC. Development of fine-grained pill identification algorithm
using deep convolutional network. J Biomed Inform 2017;74:130-136 [FREE Full text] [doi: 10.1016/j.jbi.2017.09.005]
[Medline: 28923366]

26. Lee JD, See KA. Trust in automation: designing for appropriate reliance. Hum Factors 2004;46(1):50-80. [doi:
10.1518/hfes.46.1.50_30392] [Medline: 15151155]

27. Hoff KA, Bashir M. Trust in automation: integrating empirical evidence on factors that influence trust. Hum Factors
2015;57(3):407-434. [doi: 10.1177/0018720814547570] [Medline: 25875432]

JMIR Hum Factors 2025 | vol. 12 | e60273 | p.1227https://humanfactors.jmir.org/2025/1/e60273
(page number not for citation purposes)

Kim et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1093/ijpp/riac019.055
https://doi.org/10.1038/s41746-019-0086-0
http://dx.doi.org/10.1038/s41746-019-0086-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31304359&dopt=Abstract
https://europepmc.org/abstract/MED/10720369
http://dx.doi.org/10.1136/bmj.320.7237.788
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10720369&dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-145-6-200609190-00006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16983130&dopt=Abstract
http://dx.doi.org/10.1056/NEJMsa0907115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20445181&dopt=Abstract
http://dx.doi.org/10.2146/ajhp060140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17322168&dopt=Abstract
http://dx.doi.org/10.1093/ajhp/59.7.591
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11944599&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/1472-6963-13-175
http://dx.doi.org/10.1186/1472-6963-13-175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23663305&dopt=Abstract
https://europepmc.org/abstract/MED/18436903
http://dx.doi.org/10.1197/jamia.M2616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18436903&dopt=Abstract
https://europepmc.org/abstract/MED/25684799
http://dx.doi.org/10.1310/hpj5001-34
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25684799&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1781468&dopt=Abstract
http://dx.doi.org/10.1007/s11096-011-9498-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21424615&dopt=Abstract
http://dx.doi.org/10.1111/j.2042-7174.2012.00192.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22775522&dopt=Abstract
http://dx.doi.org/10.1046/j.1365-2710.1999.00199.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10319909&dopt=Abstract
https://patents.google.com/patent/US6574580B2/en
https://patents.google.com/patent/US6574580B2/en
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=YAZqaxkAAAAJ&citation_for_view=YAZqaxkAAAAJ:WF5omc3nYNoC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=YAZqaxkAAAAJ&citation_for_view=YAZqaxkAAAAJ:WF5omc3nYNoC
https://patents.google.com/patent/US6535637B1/en
http://dx.doi.org/10.1049/iet-ipr.2014.1007
https://doi.org/10.1038/s41746-021-00483-8
http://dx.doi.org/10.1038/s41746-021-00483-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34315995&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(17)30202-2
http://dx.doi.org/10.1016/j.jbi.2017.09.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28923366&dopt=Abstract
http://dx.doi.org/10.1518/hfes.46.1.50_30392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15151155&dopt=Abstract
http://dx.doi.org/10.1177/0018720814547570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25875432&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


28. Schaefer KE, Chen JYC, Szalma JL, Hancock PA. A meta-analysis of factors influencing the development of trust in
automation: implications for understanding autonomy in future systems. Hum Factors 2016;58(3):377-400. [doi:
10.1177/0018720816634228] [Medline: 27005902]

29. Azevedo-Sa H, Jayaraman SK, Esterwood CT, Yang XJ, Robert LP, Tilbury DM. Real-time estimation of drivers' trust in
automated driving systems. Int J Soc Robot 2020;13(8):1911-1927. [doi: 10.1007/s12369-020-00694-1]

30. Lee JD, Kolodge K. Exploring trust in self-driving vehicles through text analysis. Hum Factors 2020;62(2):260-277. [doi:
10.1177/0018720819872672] [Medline: 31502885]

31. Ayoub J, Avetisian L, Yang XJ, Zhou F. Real-time trust prediction in conditionally automated driving using physiological
measures. IEEE Trans Intell Transport Syst 2023;24(12):14642-14650. [doi: 10.1109/tits.2023.3295783]

32. Gombolay M, Yang XJ, Hayes B, Seo N, Liu Z, Wadhwania S, et al. Robotic assistance in the coordination of patient care.
Int J Robot Res 2018;37(10):1300-1316. [doi: 10.1177/0278364918778344]

33. Wang EH, Gross CP, Tilburt JC, Yu JB, Nguyen PL, Smaldone MC, et al. Shared decision making and use of decision
AIDS for localized prostate cancer : perceptions from radiation oncologists and urologists. JAMA Intern Med
2015;175(5):792-799. [doi: 10.1001/jamainternmed.2015.63] [Medline: 25751604]

34. Nazaretsky T, Ariely M, Cukurova M, Alexandron G. Teachers' trust in AI‐powered educational technology and a
professional development program to improve it. Brit J Educational Tech 2022;53(4):914-931. [doi: 10.1111/bjet.13232]

35. Wang L, Jamieson GA, Hollands JG. Trust and reliance on an automated combat identification system. Hum Factors
2009;51(3):281-291. [doi: 10.1177/0018720809338842] [Medline: 19750792]

36. Du N, Huang KY, Yang XJ. Not all information is equal: effects of disclosing different types of likelihood information on
trust, compliance and reliance, and task performance in human-automation teaming. Hum Factors 2020;62(6):987-1001.
[doi: 10.1177/0018720819862916] [Medline: 31348863]

37. Chatzimparmpas A, Martins RM, Jusufi I, Kucher K, Rossi F, Kerren A. The state of the art in enhancing trust in machine
learning models with the use of visualizations. Comput Graph Forum 2020;39(3):713-756. [doi: 10.1111/cgf.14034]

38. Rudin C, Ustun B. Optimized scoring systems: toward trust in machine learning for healthcare and criminal justice. Interfaces
2018;48(5):449-466. [doi: 10.1287/inte.2018.0957]

39. Dasgupta A, Lee J, Wilson R, Lafrance RA, Cramer N, Cook K, et al. Familiarity vs trust: a comparative study of domain
scientists' trust in visual analytics and conventional analysis methods. IEEE Trans Vis Comput Graph 2017;23(1):271-280.
[doi: 10.1109/TVCG.2016.2598544] [Medline: 27608465]

40. Yang F, Huang Z, Scholtz J, Arendt DL. How do visual explanations foster end users' appropriate trust in machine learning?
2020 Presented at: IUI '20: Proceedings of the 25th International Conference on Intelligent User Interfaces; March 17,
2020; Cagliari, Italy p. 189-201.

41. Sacha D, Sedlmair M, Zhang L, Lee JA, Peltonen J, Weiskopf D, et al. Human-centered machine learning through interactive
visualization. 2016 Presented at: ESANN 2016 proceedings, European Symposium on Artificial Neural Networks,
Computational Intelligence and Machine Learning; April 27-29, 2016; Bruges, Belgium. [doi: 10.1016/j.neucom.2017.01.105]

42. Fisher D, Popov I, Drucker S, schraefel MC. Trust me, i'm partially right: incremental visualization lets analysts explore
large datasets faster. 2012 Presented at: Proceedings of the SIGCHI Conference on Human Factors in Computing Systems;
May 5, 2012; Austin, TX p. 1673-1682.

43. Mercado JE, Rupp MA, Chen JYC, Barnes MJ, Barber D, Procci K. Intelligent agent transparency in human-agent teaming
for multi-UxV management. Hum Factors 2016;58(3):401-415. [doi: 10.1177/0018720815621206] [Medline: 26867556]

44. Yang XJ, Schemanske C, Searle C. Toward quantifying trust dynamics: how people adjust their trust after moment-to-moment
interaction with automation. Hum Factors 2023;65(5):862-878 [FREE Full text] [doi: 10.1177/00187208211034716]
[Medline: 34459266]

45. Lee J, Moray N. Trust, control strategies and allocation of function in human-machine systems. Ergonomics
1992;35(10):1243-1270. [doi: 10.1080/00140139208967392] [Medline: 1516577]

46. Swets JA. The science of choosing the right decision threshold in high-stakes diagnostics. Am Psychol 1992;47(4):522-532.
[doi: 10.1037//0003-066x.47.4.522] [Medline: 1595983]

47. Davenport RB, Bustamante EA. Effects of false-alarm vs. miss-prone automation and likelihood alarm technology on trust,
reliance, and compliance in a miss-prone task. Proc Hum Factors Ergon Soc Annu Meet 2010;54(19):1513-1517. [doi:
10.1177/154193121005401933]

48. Stanton NS, Ragsdale SA, Bustamante EA. The effects of system technology and probability type on trust, compliance,
and reliance. HFES Ann Conf Proc 2009;53(18):1368-1372. [doi: 10.1518/107118109x12524443347238]

49. Chen Q, Al Kontar R, Nouiehed M, Yang XJ, Lester C. Rethinking cost-sensitive classification in deep learning via
adversarial data augmentation. INFORMS J Data Sci 2022. [doi: 10.1287/ijds.2022.0033]

50. Zheng Y, Rowell B, Chen Q, Kim JY, Kontar RA, Yang XJ, et al. Designing human-centered AI to prevent medication
dispensing errors: focus group study with pharmacists. JMIR Form Res 2023;7:e51921 [FREE Full text] [doi: 10.2196/51921]
[Medline: 38145475]

51. Gal Y, Ghahramani Z. Dropout as a Bayesian approximation: representing model uncertainty in deep learning. Proc Mach
Learn Res 2016:1050-1059.

JMIR Hum Factors 2025 | vol. 12 | e60273 | p.1228https://humanfactors.jmir.org/2025/1/e60273
(page number not for citation purposes)

Kim et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1177/0018720816634228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27005902&dopt=Abstract
http://dx.doi.org/10.1007/s12369-020-00694-1
http://dx.doi.org/10.1177/0018720819872672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31502885&dopt=Abstract
http://dx.doi.org/10.1109/tits.2023.3295783
http://dx.doi.org/10.1177/0278364918778344
http://dx.doi.org/10.1001/jamainternmed.2015.63
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25751604&dopt=Abstract
http://dx.doi.org/10.1111/bjet.13232
http://dx.doi.org/10.1177/0018720809338842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19750792&dopt=Abstract
http://dx.doi.org/10.1177/0018720819862916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31348863&dopt=Abstract
http://dx.doi.org/10.1111/cgf.14034
http://dx.doi.org/10.1287/inte.2018.0957
http://dx.doi.org/10.1109/TVCG.2016.2598544
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27608465&dopt=Abstract
http://dx.doi.org/10.1016/j.neucom.2017.01.105
http://dx.doi.org/10.1177/0018720815621206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26867556&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/00187208211034716?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/00187208211034716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34459266&dopt=Abstract
http://dx.doi.org/10.1080/00140139208967392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1516577&dopt=Abstract
http://dx.doi.org/10.1037//0003-066x.47.4.522
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1595983&dopt=Abstract
http://dx.doi.org/10.1177/154193121005401933
http://dx.doi.org/10.1518/107118109x12524443347238
http://dx.doi.org/10.1287/ijds.2022.0033
https://formative.jmir.org/2023//e51921/
http://dx.doi.org/10.2196/51921
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38145475&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


52. He K, Zhang X, Ren S, Sun J. Deep residual learning for image recognition. 2016 Presented at: IEEE Conference on
Computer Vision and Pattern Recognition (CVPR); June 27-30, 2016; Las Vegas, NV p. 770-778.

53. Tanner WP, Swets JA. A decision-making theory of visual detection. Psychol Rev 1954;61(6):401-409. [doi:
10.1037/h0058700]

54. Reilly S, Grasha AF, Matthews G, Schafer J. Automatic-controlled information processing and error detection in a simulated
pharmacy-verification task. Percept Mot Skills 2003;97(1):151-174. [doi: 10.2466/pms.2003.97.1.151] [Medline: 14604036]

55. Wickens CD, Dixon SR. The benefits of imperfect diagnostic automation: a synthesis of the literature. Theor Issues Ergon
Sci 2007;8(3):201-212. [doi: 10.1080/14639220500370105]

56. Manzey D, Reichenbach J, Onnasch L. Human performance consequences of automated decision aids. J Cogn Eng Decis
Mak 2012;6(1):57-87. [doi: 10.1177/1555343411433844]

57. Yang XJ, Unhelkar VV, Li K, Shah JA. Evaluating effects of user experience and system transparency on trust in automation.
2017 Presented at: Proceedings of the 2017 ACM/IEEE International Conference on Human-Robot Interaction; March 6,
2017; Vienna, Austria p. 408-416.

58. Merritt SM, Heimbaugh H, LaChapell J, Lee D. I trust it, but I don't know why: effects of implicit attitudes toward automation
on trust in an automated system. Hum Factors 2013;55(3):520-534. [doi: 10.1177/0018720812465081] [Medline: 23829027]

59. Merritt SM, Ilgen DR. Not all trust is created equal: dispositional and history-based trust in human-automation interactions.
Hum Factors 2008;50(2):194-210. [doi: 10.1518/001872008X288574] [Medline: 18516832]

60. McDermott P, Dominguez C, Kasdaglis N, Ryan M, Trhan I, Nelson A. Human-machine teaming systems engineering
guide. Defense Technical Information Center. 2018. URL: https://apps.dtic.mil/sti/citations/AD1108020 [accessed 2025-01-10]

61. Bates DM, Mächler M, Bolker B, Walker S. Fitting linear mixed-effects models using lme4. J Stat Software 2015;67(1):1-48.
[doi: 10.18637/jss.v067.i01]

62. R Core Team. R: A language and environment for statistical computing. R Foundation for Statistical Computing. 2019.
URL: https://www.R-project.org [accessed 2025-01-20]

63. Montag C, Kraus J, Baumann M, Rozgonjuk D. The propensity to trust in (automated) technology mediates the links
between technology self-efficacy and fear and acceptance of artificial intelligence. Comput Human Behav 2023;11:100315.
[doi: 10.1016/j.chbr.2023.100315]

64. Miller L, Kraus J, Babel F, Baumann M. More than a feeling-interrelation of trust layers in human-robot interaction and
the role of user dispositions and state anxiety. Front Psychol 2021;12:592711 [FREE Full text] [doi:
10.3389/fpsyg.2021.592711] [Medline: 33912098]

65. Yang XJ, Guo Y, Schemanske C. From trust to trust dynamics: combining empirical and computational approaches to
model and predict trust dynamics in human-autonomy interaction. In: Duffy VG, Landry SJ, Lee JD, Stanton N, editors.
Human-Automation Interaction: Transportation. Cham, Switzerland: Springer; 2022:253-265.

66. de Visser EJ, Pak R, Shaw TH. From 'automation' to 'autonomy': the importance of trust repair in human-machine interaction.
Ergonomics 2018;61(10):1409-1427. [doi: 10.1080/00140139.2018.1457725] [Medline: 29578376]

67. Lyons JB, Sadler GG, Koltai K, Battiste H, Ho NT, Hoffmann LC, et al. Shaping Trust Through Transparent Design:
Theoretical and Experimental Guidelines. Cham, Switzerland: Springer; 2017:127-136.

68. Luo R, Du N, Yang XJ. Evaluating effects of enhanced autonomy transparency on trust, dependence, and human-autonomy
team performance over time. Int J Hum Comput 2022;38(18-20):1962-1971. [doi: 10.1080/10447318.2022.2097602]

69. Sorkin RD, Kantowitz BH, Kantowitz SC. Likelihood alarm displays. Hum Factors 1988;30(4):445-459. [doi:
10.1177/001872088803000]

70. Carayon P, Gurses AP. Nursing workload and patient safety—a human factors engineering perspective. In: Patient Safety
and Quality: An Evidence-Based Handbook for Nurses. Rockville, MD: Agency for Healthcare Research and Quality;
2008.

71. Watterson TL, Look KA, Steege L, Chui MA. Operationalizing occupational fatigue in pharmacists: an exploratory factor
analysis. Res Social Adm Pharm 2021;17(7):1282-1287. [doi: 10.1016/j.sapharm.2020.09.012] [Medline: 33004303]

Abbreviations
AI: artificial intelligence
CR: correct rejection
FA: false alarm
NDC: National Drug Code
SDT: signal detection theory

JMIR Hum Factors 2025 | vol. 12 | e60273 | p.1229https://humanfactors.jmir.org/2025/1/e60273
(page number not for citation purposes)

Kim et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1037/h0058700
http://dx.doi.org/10.2466/pms.2003.97.1.151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14604036&dopt=Abstract
http://dx.doi.org/10.1080/14639220500370105
http://dx.doi.org/10.1177/1555343411433844
http://dx.doi.org/10.1177/0018720812465081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23829027&dopt=Abstract
http://dx.doi.org/10.1518/001872008X288574
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18516832&dopt=Abstract
https://apps.dtic.mil/sti/citations/AD1108020
http://dx.doi.org/10.18637/jss.v067.i01
https://www.R-project.org
http://dx.doi.org/10.1016/j.chbr.2023.100315
https://europepmc.org/abstract/MED/33912098
http://dx.doi.org/10.3389/fpsyg.2021.592711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33912098&dopt=Abstract
http://dx.doi.org/10.1080/00140139.2018.1457725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29578376&dopt=Abstract
http://dx.doi.org/10.1080/10447318.2022.2097602
http://dx.doi.org/10.1177/001872088803000
http://dx.doi.org/10.1016/j.sapharm.2020.09.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33004303&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by A Kushniruk, E Borycki; submitted 06.05.24; peer-reviewed by J Waterson, HF Neyedli; comments to author 13.09.24;
revised version received 08.11.24; accepted 22.12.24; published 11.02.25.

Please cite as:
Kim JY, Marshall VD, Rowell B, Chen Q, Zheng Y, Lee JD, Kontar RA, Lester C, Yang XJ
The Effects of Presenting AI Uncertainty Information on Pharmacists’ Trust in Automated Pill Recognition Technology: Exploratory
Mixed Subjects Study
JMIR Hum Factors 2025;12:e60273
URL: https://humanfactors.jmir.org/2025/1/e60273 
doi:10.2196/60273
PMID:39932773

©Jin Yong Kim, Vincent D Marshall, Brigid Rowell, Qiyuan Chen, Yifan Zheng, John D Lee, Raed Al Kontar, Corey Lester,
Xi Jessie Yang. Originally published in JMIR Human Factors (https://humanfactors.jmir.org), 11.02.2025. 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 JMIR
Human Factors, is properly cited. The complete bibliographic information, a link to the original publication on
https://humanfactors.jmir.org, as well as this copyright and license information must be included.

JMIR Hum Factors 2025 | vol. 12 | e60273 | p.1230https://humanfactors.jmir.org/2025/1/e60273
(page number not for citation purposes)

Kim et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://humanfactors.jmir.org/2025/1/e60273
http://dx.doi.org/10.2196/60273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39932773&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Longitudinal and Combined Smartwatch and Ecological
Momentary Assessment in Racially Diverse Older Adults:
Feasibility, Adherence, and Acceptability Study

Sophia Holmqvist1, MA; Marina Kaplan1, BA; Riya Chaturvedi1; Haochang Shou2, PhD; Tania Giovannetti1, PhD
1Department of Psychology and Neuroscience, Temple University, Philadelphia, PA, United States
2Department of Biostatistics, Epidemiology, and Informatics, University of Pennsylvania School of Medicine, Philadelphia, PA, United States

Corresponding Author:
Sophia Holmqvist, MA
Department of Psychology and Neuroscience
Temple University
1701 N. 13th St
Philadelphia, PA, 19122
United States
Phone: 1 215 204 7000
Email: sophia.holmqvist@temple.edu

Abstract

Background: Due to the rising prevalence of Alzheimer disease and related dementias, easily deployable tools to quantify risk
are needed. Smartphones and smartwatches enable unobtrusive and continuous monitoring, but there is limited information
regarding the feasibility, adherence, and acceptability of digital data collection among racially diverse older adults.

Objective: This paper examined the feasibility, adherence, and acceptability of a 4-week combined smartwatch monitoring and
ecological momentary assessment (EMA) study in a racially diverse sample of older adults.

Methods: A total of 44 older adults (aged ≥55 y) with either mild cognitive impairment or healthy cognition completed an
informed consent comprehension quiz, baseline cognitive testing, training regarding digital data collection, and questionnaires.
Participants were instructed to wear a Garmin Vivosmart 4 smartwatch for 23 h/d for 4 weeks, sync 2 smartphone apps (Garmin
and Labfront) daily, and complete a daily EMA survey with automated prompts for surveys and charging. Training time, smartwatch
adherence (eg, wear time), daily EMA survey response rate, and performance on the consent quiz were quantified. Associations
between feasibility and adherence metrics and participant factors were evaluated. Self-reported usability of the apps and smartwatch
was collected at study end.

Results: Consent comprehension quiz scores were high (mean 97.33%, SD 6.86% correct), and training sessions lasted on
average 17.93 (SD 6.89) minutes. During the 4-week study, participants wore the smartwatch for an average of 21 h/d (SD 1.53)
and showed an average response rate of 94% (SD 9.58%) to daily EMA surveys. In unadjusted bivariate analyses, age, race, and
cognition were associated with feasibility and adherence measures, but only age and race remained significant in multivariate
models. After accounting for all participant factors, older age was a significant predictor of longer training time, and Black race
was a significant predictor of lower daily wear time. On the usability survey, all participants (45/45, 100%) indicated willingness
to participate in future smartwatch studies, >80% (37/45) had a positive experience, and >90% (41/45) were satisfied with
smartphone app syncing.

Conclusions: Smartwatch monitoring, requiring daily wear, smartphone syncing, and daily EMA survey completion, is highly
feasible in older adults because adherence to daily wear and EMA surveys was high, as was general satisfaction on usability
surveys. Although older participants may require more training on smartwatch and smartphone procedures and automated
prompting during the study period, longitudinal monitoring with the Garmin Vivosmart 4 smartwatch and Labfront app is
acceptable and feasible for collecting nearly continuous data in Black and White older adults, including those with mild cognitive
impairment and those without.

(JMIR Hum Factors 2025;12:e69952)   doi:10.2196/69952
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Introduction

Background
With the prevalence of Alzheimer disease (AD) and AD and
related dementias (ADRD) increasing alongside the aging
population and the availability of new treatments, there is a
need to quantify risk and detect cognitive decline at the earliest
stage [1]. It is estimated that only a small minority of older
adults with mild cognitive decline are accurately identified early
[2], missing an opportunity for early intervention. Missed or
delayed diagnoses are even more common in Black and African
American older adults, who are also at increased risk for
AD/ADRD [3]. Personal digital devices such as smartwatches
have been proposed as a potential tool for the early detection
of AD/ADRD. Although recent data show that smartwatches
have been increasingly adopted by older adults [4], the utility
of personal digital tools for AD/ADRD monitoring is dependent
upon consistent smartwatch use and syncing with associated
software. This study examined the feasibility of and adherence
to daily smartwatch wear and ecological momentary assessment
(EMA) survey completion in a racially diverse sample of older
adults enrolled in a 4-week study. We also investigated older
adults’ comprehension of study details that are relevant to
informed consent. The participant characteristics associated
with smartwatch adherence and the comprehension of consent
were explored to optimize adherence and ethical research
conduct in future studies.

Observable yet subtle cognitive, sensory, and motor changes
precede and predict the clinical manifestations of AD/ADRD
[1,5] and may be measured by sensors in commercially available
smartwatches; for example, the Garmin smartwatch has been
validated against conventional clinical measures of sleep [6],
activity [7,8], and heart rate variability [7], which are associated
with dementia risk [9-11]. The Garmin Vivosmart 4 smartwatch
also has shown positive results in a 2-week feasibility study of
stress in adults undergoing psychotherapy [12]. Thus, digital
measures of stress, low heart rate variability, reduced physical
activity, and sleep alterations have great potential as low-cost
digital biomarkers for AD/ADRD that may be measured
continuously, longitudinally, and passively, requiring relatively
little effort.

EMA questionnaires delivered directly to participants via their
personal digital devices enable high-frequency data collection
in the participants’ natural setting. EMA can be useful for
contextualizing passive metrics [13]; for example, EMA data
may facilitate the interpretation of atypical data as clinically
significant or not (eg, elevated heart rate due to a cardiac event
vs a day at an amusement park). EMA data also provide insight
into participants’ immediate perceptions and mood states without
the confounds of recall bias [14]. There is potential for passive
and EMA data collection via personal digital devices, but limited
data exist on the feasibility and adherence of device use for
health monitoring in older adults. In addition, the extent to which
cognitive ability level influences adherence is not known.

Adherence to daily EMA surveys and key tasks, such as
wearing, charging, and syncing digital devices, is crucial for
valid and reliable measurement and requires cognitive resources.
This raises an important question: are those who could benefit
the most from digital health monitoring more likely to show
poor adherence?

Our review of the literature identified few studies on the
feasibility and adherence of smartwatch use in digital health
research. The results of the available studies suggest several
important moderating factors, including the study procedures
and participant factors. In-person studies and study designs that
include interaction with a member of the study team show much
higher retention and adherence than fully remote studies [15].
Adherence also varies depending on task demands, with different
adherence rates for smartwatch wear versus syncing versus
EMA completion. Adherence to wearable device use, which is
relatively less demanding, versus the completion of daily EMA
surveys has been estimated to be approximately >90% and 70%,
respectively, in studies that are not fully remote [16-19].

Participant factors also play a role in retention and adherence.
Although age is commonly considered a barrier to the adoption
and acceptability of smartwatches due to low digital literacy
[20], empirical data aggregated across several studies of
smartwatch data show that older age was associated with greater
retention [15]. A study requiring older adults with healthy
cognition to wear a Fitbit device for 30 days during waking
hours reported high rates of adherence to daily wear (89% of
study days) and syncing (85% of study days) [21]. Other studies
have demonstrated the effects of race, sex, and memory ability
on adherence such that White participants [15], women [22],
and people with better memory abilities [21] are more adherent
when asked to engage in digital health research studies that
involve interacting with a smartphone app.

In addition to the importance of learning about smartwatch
adherence and feasibility, it is also crucial to understand older
adults’ comprehension of informed consent procedures for
studies using novel technology. With the large amount of health
data collected from a smartwatch and the need for long-term
data storage, it is vital for older adult participants to fully
understand data privacy and security limitations and the
associated risks of study participation. Older adults also may
be more wary of sharing personal health information in the
context of digital health research. To assess older participants’
understanding of informed consent procedures, interactive
quizzes have been developed for use in fully remote studies
[23]. For this study, which included face-to-face interactions
with members of the study team, a 10-item comprehension quiz
was modeled after a quiz used by Hackett et al [13] that was
designed according to published guidelines [24,25]. The consent
quiz focused on the novel technology used in the study (eg,
where participants’data are stored and the right to request digital
data to be deleted at any time). Hackett et al [13] reported high
accuracy rates on a similar quiz in a sample of older adults and
significant associations between quiz scores and education level.

JMIR Hum Factors 2025 | vol. 12 | e69952 | p.1232https://humanfactors.jmir.org/2025/1/e69952
(page number not for citation purposes)

Holmqvist et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Quiz scores also varied by race, with Black participants scoring
lower than White participants.

Objectives
In this study, feasibility and adherence were evaluated over a
4-week monitoring period that required wearing the smartwatch
daily (23 h/d), charging it, syncing apps, and completing EMA
surveys. Feasibility and adherence were assessed by tracking
participant retention and measuring the following: (1) time
required to complete study training on syncing apps and
completing EMA surveys, (2) the comprehension of informed
consent information, (3) daily smartwatch wear time, (4)
adherence to smartwatch daily wear, and (5) the completion of
daily EMA surveys. We also investigated associations between
feasibility and adherence measures and participant
characteristics (demographics, cognition, and self-reported
functional and cognitive decline). Finally, we explored
participants’ perceptions regarding the usability of the Garmin
Vivosmart 4 smartwatch and the study-related apps (syncing
process). To address these aims, we recruited a racially diverse
sample of older adults, including those with mild cognitive
impairment (MCI) and those without. It was hypothesized that
older age, worse cognitive function, and greater self-reported
functional decline would be associated with lower daily wear
time, adherence to wear time, and survey completion, as well
as lower comprehension of consent.

Methods

Participants
A total of 47 community-dwelling older adults aged ≥55 years
classified as having healthy cognition or MCI were recruited
from the Temple University Cognitive Neuropsychology
Laboratory cohort in Philadelphia, Pennsylvania. This cohort
includes >200 adults who have participated in ongoing federally
funded studies since 2020 and represent the racial, ethnic, and
economic diversity of the Philadelphia area. Participants met
the following inclusion criteria: (1) oral and written fluency in
English (to complete study questionnaires and measures) and
(2) no history of large vessel stroke, Parkinson disease, major
traumatic brain injury, seizures, schizophrenia, or significant
neurological conditions other than dementia. The exclusion
criteria included (1) current psychiatric disorder (eg, bipolar
disorder or major depressive disorder), (2) intellectual disability,
and (3) severe motor and sensory deficits precluding the use of
a computer touchscreen. Participants from the laboratory cohort
were contacted and screened for the following inclusion criteria

for this study: (1) aged ≥55 years, (2) cognitive status classified
as healthy or MCI, (3) current smartphone user (Android or
IOS), and (4) not currently wearing a smartwatch or willing to
wear only the study smartwatch during the study period. The
exclusion criteria included (1) a diagnosis of dementia and (2)
scheduled surgery or travel during the 4-week study period.
Approximately 80 participants from the laboratory cohort were
contacted as part of the recruitment efforts. The most common
reasons for nonparticipation were not having a smartphone or
a lack of interest in completing a month-long study.

Of the 47 participants recruited for this study, 1 (2%) was
excluded because they required a walker for mobility, which
precluded accurate step count recording, and 1 (2%) was
excluded from the analyses of feasibility and adherence because
their smartphone malfunctioned, and they required the
monitoring period to be extended. Moreover, 1 (2%) of the 47
participants dropped out after 1 day, citing discomfort from the
smartwatch band being too tight. Thus, of the 47 enrolled
participants, 3 (6%) were excluded, resulting in a final sample
of 44 (94%) participants for the feasibility and adherence
analyses. The participant who extended their monitoring period
because of the smartphone malfunction was retained for the
usability analyses.

Ethical Considerations
This study was approved by the Temple University Institutional
Review Board (Protocol Number: 29712). All participants
provided written informed consent and received a US $50 gift
card as compensation for their time. Data storage and procedures
were Health Insurance Portability and Accountability
Act–compliant and only approved study personnel had access
to study data.

Procedures

Overview
Participation in the study involved 3 phases. First, participants
completed an initial in-person study visit lasting 2 to 4 hours,
which included comprehensive cognitive testing, training for
the study, and questionnaire completion. Second, participants
wore the smartwatch for 4 weeks, answered daily questions on
their smartphone, and synced the smartwatch with a smartphone
app once a day. Finally, all participants completed a debriefing
session. More details of each study phase are provided in the
following subsections. Textbox 1 shows the study timeline. The
cognitive tests administered during study visit 1 are listed in
Table 1.
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Textbox 1. Study timeline.

Study visit 1

• Informed consent and comprehension quiz

• Installation of Garmin and Labfront apps

• Study training on syncing and daily survey

• Questionnaires and cognitive testing

4-wk monitoring period

• Participants engage in daily activities as usual

• Wear smartwatch for 23 h/d

• 9-question ecological momentary assessment survey once a day

• Sync Labfront and Garmin apps once a day to securely collect and transmit deidentified data

Study visit 2

• Uninstall apps and unpair smartwatch

• Debriefing questionnaire

• Payment of US $50

Table 1. Cognitive domains and corresponding neuropsychological measures.

Neuropsychological measuresCognitive domains

Attention • Trail Making Test part A [26]
• Digit Span Forward [27]

Executive function • Trail Making Test part B [26]
• Digit Span Backward [27]

Language • Letter fluency (S and P) and category fluency (animals) [28]
• Boston Naming Test, 30-item version [29]

Processing speed • Salthouse Letter Comparison Test [30]
• Salthouse Pattern Comparison Test [30]

Episodic memory • Hopkins Verbal Learning Test: immediate recall, delayed recall, and recognition trial [31]
• Brief Visual Memory Test–Revised: immediate recall, delayed recall, and recognition trial [32]

Initial Study Visit
Participants completed the following during study visit 1, which
lasted 2 to 4 hours: (1) informed consent and 10-item consent
comprehension quiz on the specific features of the study (eg,
data security and privacy; refer to Multimedia Appendix 1 for
the quiz items); (2) gold standard cognitive tests (Table 1) and
questionnaires; (3) installation and configuration of study apps
and training on wearing a Garmin Vivosmart 4 smartwatch daily
(23 h/d of wear; 1 h/d of charging time) for 4 weeks, syncing
the smartwatch, and completion of a daily EMA survey. At the
end of the first study session, a follow-up visit was scheduled
for a date at least 4 weeks later. Further details of the procedures
during the initial session are provided in the following
subsections.

Smartwatch Data Collection
At the initial study visit, 2 apps (Garmin and Labfront) were
downloaded onto the participant’s smartphone to facilitate

deidentified passive (raw sensor) and active data collection for
the daily survey. The Garmin app facilitated data collection
from the smartwatch sensors. The Labfront [33] app is a research
platform that collects and organizes the Garmin smartwatch
data and enabled the study team to monitor adherence and data
collection in real time and remotely through a user-friendly
study dashboard. The Labfront app was also used to deliver the
daily EMA surveys.

A Garmin account was created for each participant using the
Garmin Connect mobile app on their smartphone with
deidentified information. The Labfront Companion app was
then downloaded to the participant’s smartphone. The Labfront
app uses a randomized 6-digit ID to connect the participant’s
smartwatch to the app and to connect the Garmin and Labfront
accounts. The Garmin smartwatch connects to the Garmin and
Labfront apps via Bluetooth. Daily in-app Garmin and Labfront
syncing required a Wi-Fi network or an LTE cellular data
connection. Once the Garmin and Labfront apps were connected,
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data were available for real-time download by the study team
in CSV format. Daily syncing of the apps enabled the
aggregation of minute-by-minute data.

Participants were asked to wear the Garmin Vivosmart 4
smartwatch for 23 h/d on their nondominant wrist for 4 weeks
and to charge it for approximately 1 h/d. Alarms were set in
participant smartphones twice daily at times of the participant’s
choosing to serve as reminders for the following: (1) charging
the watch in the morning and (2) syncing the Garmin and
Labfront apps and completing the daily survey on the Labfront
app at night before going to sleep. To minimize the influence
of external cues as well as behavior and health tracking
information on participant behavior, all notifications were
disabled on the study smartwatch, and additional features were
removed from the Garmin app at the initial study visit.

Standardized training procedures with training criteria were
used to teach participants how to charge the watch, sync the
apps, and complete the daily survey. The training included
demonstrations and a practice run during which participants
were required to independently complete all daily study steps.
Repetitions were recorded for practice runs, and the training
session was timed. At the end of the training, participants were
given a binder to take home and refer to during the study. The
binder contained detailed instructions on how to charge the
watch, sync the apps, and complete the daily survey during the
study. The contents of this training binder are available in
Multimedia Appendix 1.

4-Week Monitoring Period
Participants were told to go about their daily life during the
4-week monitoring period while wearing the smartwatch for 23
h/d and to charge it for 1 h/d. Sleep duration, beat-to-beat heart
rate variability, and physical activity data such as step count
were collected but are not reported in this paper. Participants
were also asked to complete the daily EMA survey delivered
to their smartphones through the Labfront app. The EMA survey
included 9 questions (Multimedia Appendix 1). The purpose of
the EMA survey was to guide the subsequent interpretation of
smartwatch data (estimated time to complete the survey: 5 min).

During the course of the study, adherence was monitored
through Labfront software by study personnel. If participants
were nonadherent for >4 consecutive days, which was defined
as wearing the watch for <16.67 h/d or not completing the daily
surveys, they were contacted by the study team to determine
the reason for nonadherence and to possibly reschedule the
follow-up study session to extend the study period and obtain
at least 28 days of data collection. The duration of the
monitoring period (in days) was tallied for each participant. It
is important to note that only 1 (2%) of the 47 enrolled
participants required an extension of the monitoring period due
to >4 consecutive days of missing data caused by a malfunction
of their smartphone. Consequently, this participant was excluded
from all feasibility and adherence analyses. For some of the
participants (18/44, 41%), the monitoring extended beyond 4
weeks because the follow-up visit could not be scheduled on
the study end date due to scheduling conflicts; in these cases,
the follow-up visit was scheduled as soon as possible but no
more than 1 week later.

Follow-Up Visit
After the study period, participants returned for a brief second
visit (study visit 2) during which we collected data on their
study experience, the usability of the apps and smartwatch, and
barriers to future participation in wearable device research. At
this visit, smartwatches were synced a final time to capture any
aggregate-level data that had not been previously uploaded to
the app. Subsequently, deidentified data obtained during the
monitoring period were downloaded in CSV format for each
participant from the Labfront researcher user interface for
processing and analysis.

Measures of Participant Characteristics
Cognitive tests and questionnaires used in standard clinical
evaluations for cognitive decline were administered during study
visit 1.

Cognition and Clinical Classification
IQ was estimated with the Hopkins Reading Test [34]. The 5
cognitive domains and 10 cognitive tests that were administered
are listed in Table 1. Scores from each of the 10 tests were
standardized (T score) after adjusting for demographic variables
(age, education, sex, and estimated IQ score [28]). Clinical
classification (ie, healthy cognition vs MCI) was based on
published criteria [35] that define MCI as T scores of ≤40 (<1
SD) on both measures from at least 1 cognitive domain. A total
composite score and cognitive domain–specific composite scores
were calculated by averaging demographically corrected T
scores (refer to Table 1 for all neuropsychological measures).
These neuropsychological tests are used widely in research and
clinic settings, have been extensively validated, and show strong
psychometric properties [28].

Self-Reported Cognitive and Functional Decline
The average score from the Everyday Cognition (ECog)–short
form [36] was used to estimate self-reported functional decline
across a range of abilities (eg, memory and language), with
scores ranging from 1 (no decline over the past 10 y) to 4 (worse
decline over the past 10 y). The optimal cut score for
distinguishing between healthy cognition and MCI is 1.32. The
original validation study estimated a Cronbach α value of 0.96
[36].

Smartwatch Feasibility and Adherence Measures

Training Time
The amount of time spent training (in minutes) during study
visit 1 was recorded. Training procedures were standardized
(Multimedia Appendix 1). Training began with a review of
procedures for charging the watch and ended when the examiner
observed that the participant independently demonstrated
charging the watch, syncing the apps, and completing the daily
survey.

Comprehension of Consent
Comprehension of consent was assessed using a 10-item quiz
(Multimedia Appendix 1), which included questions on
study-specific risks, data privacy, and security. The following
is an example item: “The Garmin/Labfront apps collect the
content of my texts and phone calls” (correct answer: no). To
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ensure informed consent, if participants answered any item
incorrectly, study personnel immediately provided feedback to
clarify the correct response.

Smartwatch Adherence
The total number of days that participants did not wear the watch
was tallied, and 2 measures were used to evaluate adherence to
the instruction to wear the watch for 23 h/d. First, the average
daily wear time (in hours) per participant across all possible
days of wear was collected. Wear time was derived from
minute-to-minute heart rate data; therefore, wear time reflects
the accumulation of heart rate data from the watch. Weekly
averages of wear time were also computed (weeks 1, 2, 3, and
4) to examine adherence over time.

On the basis of published recommendations [37], daily watch
data were considered valid if the participant wore the smartwatch
for at least 16.67 hours that day. Therefore, watch adherence
also was assessed as the “percentage of valid smartwatch days”
during the monitoring period, calculated as the number of days
the participants wore the watch for ≥16.67 h/d divided by the
total number of days they were in the study.

EMA Survey Adherence
Adherence to the daily survey was calculated as the number of
daily surveys completed divided by the total number of days
that each participant was in the study. This percentage ranged
from 0% to 100%, with 100% indicating perfect adherence.

Usability Measures
A self-administered usability survey was completed by
participants at the follow-up visit (study visit 2) to provide
qualitative information on smartwatch use. The survey questions
focused on the smartwatch and Labfront and Garmin smartphone
apps, which were used for daily EMA surveys and syncing.
Participants were also asked to report their likelihood of
participating in another future study that included the
smartwatch and daily surveys. This survey was administered
to 45 (96%) of the 47 enrolled participants, including the
participant whose monitoring period was extended.

Statistical Analyses
Descriptive statistics were used to characterize feasibility:
average daily wear time, study training time, percentage correct
on consent comprehension, the percentage of completed EMA
surveys, the percentage of valid smartwatch days, and responses
to the study debriefing questionnaire. To examine univariate
associations between feasibility and adherence measures and

participant characteristics, Spearman correlations and
Mann-Whitney U tests were used for continuous and categorical
variables, respectively, with Bonferroni correction applied to
interpret statistical significance. Friedman rank tests for 1-way
repeated measures of ANOVA were used to analyze whether
wear time differed from week 1 to week 4, with Bonferroni
correction applied to interpret statistical significance.
Nonparametric statistical tests were used due to the skewed
distributions of the variables of interest. Multiple linear
regressions were conducted to examine multivariate associations
between demographics (ie, age, sex, race, and education) and
cognitive variables (ie, ECog, cognitive composite scores, and
cognitive status) on all feasibility and adherence measures.
Separate models were conducted for each cognitive variable to
avoid multicollinearity. As the dependent variables were not
normally distributed, we used bootstrapping (5000 replications)
to estimate robust SEs and CIs for coefficients, leading to more
reliable testing of significance.

All analyses were conducted using SPSS software (version 28.0;
IBM Corp) or, for bootstrapped regressions only, R (version
2023.12.1+402; R Foundation for Statistical Computing).

Results

Participant Characteristics
A total of 44 older adults ranging in age from 55 to 83 years
participated and were included in the feasibility and adherence
analyses. On average, participants were college educated with
estimated IQ scores in the high average range (Table 2).
Self-report of cognitive and functional decline was well within
the normal range (ECog; range 1-2.5). The cognitive composite
T score ranged from 35.40 to 63.40. The sample comprised
mostly women (26/44, 59%) and primarily individuals
identifying as Black or African American (11/44, 25%) or
White, non-Hispanic (31/44, 70%). Of the 44 participants, 8
(18%) met the Jak-Bondi criteria for MCI. The participants were
relatively active, with an average of 5999.74 (SD 2872.38) steps
per day. Of the 44 participants, 17 (39%) owned a smartwatch
before the study, with most owning a Fitbit device (n=9, 50%)
or an Apple Watch (n=9, 50%). Those who currently or
previously owned a smartwatch reported the main motivations
for use as activity monitoring, followed by improving fitness
and improving health. Of those who had not owned a
smartwatch, most (17/44, 39%) indicated that they would
consider buying one after their study experience.
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Table 2. Participant characteristics and smartwatch feasibility measures (n=44).

ValuesVariables

Participant characteristics

68.48 (7.22)Age (y), mean (SD)

16.41 (2.08)Education (y), mean (SD)

26 (59)Sex: female, n (%)

Race and ethnicity, n (%)

1 (2)Asian

11 (25)Black or African American

1 (2)White, Hispanic

31 (70)White, non-Hispanic

8 (18)MCIa, n (%)

110.84 (7.59)Estimated IQ, mean (SD)

1.41 (0.39)ECogb score, mean (SD)

51.69 (5.68)Cognitive composite score, mean (SD)

5999.74 (2872.38)Daily step count, mean (SD)

17 (39)Smartwatch ownership before study, n (%)

“If you already currently own and use a smartwatch or have previously, what is or was your main motivation for using the smartwatch?
Select all that apply,” n (%)

15 (34)To monitor activities

15 (34)Improve fitness

12 (27)Improve health

7 (16)Keep up with new technology

2 (4)Improve appearance

“If you do not already own a smartwatch, would you consider buying one after this experience?” n (%)

17 (39)Yes

10 (24)No

17 (39)Already have smartwatch

Smartwatch feasibility and adherence measures, mean (SD)

98.00 (6.86)Percentage correct of consent comprehension

17.93 (6.89)Average training time (min)

21.04 (1.53)Average daily smartwatch wear time (h)

92.00 (10.39)Percentage of valid smartwatch days

94.00 (9.58)Percentage of completed daily surveys

aMCI: mild cognitive impairment.
bECog: Everyday Cognition.

Retention Rate and Duration of Monitoring Period
A total of 47 participants were enrolled, of whom 1 (2%)
dropped out after 1 day citing discomfort from the smartwatch
band being too tight. All other participants (46/47, 98%)
completed the study. However, 2 (4%) of these 46 participants
were excluded from feasibility data analysis: 1 (50%) was
excluded because their monitoring period was extended to 46
days due to a smartphone malfunction, and they did not complete
the EMA survey for 1.5 weeks during the originally scheduled

28-day study; consequently, they were asked and agreed to
extend their monitoring period. As a result, this participant was
excluded from the analytic sample used for feasibility and
adherence analyses. No other participants extended their
monitoring period for reasons other than scheduling conflicts.
Another participant was excluded due to mobility issues. Thus,
the final analytic sample for the feasibility analyses comprised
44 participants.

The number of days monitored with the smartwatch ranged
from 27 to 35. The mode for study days was 27 days,
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corresponding to exactly 4 weeks because the date of the initial
study visit was excluded from analyses. The average number
of days in the study was 29 (SD 3.46) days. Feasibility and
adherence measures were computed using all available
monitoring days.

Feasibility and Adherence
Average feasibility and adherence measures are shown at the
bottom of Table 2.

Comprehension Quiz
On average, participants obtained a score of 97% (range
70%-100%) correct on the consent comprehension quiz,
approaching a perfect average score. The most frequently missed
response was indicating “yes” to “Using the Garmin and
Labfront apps will help improve my cognitive functioning.”

Training Time
Participants took an average of 17.93 (range 12-53) minutes to
complete the study training during study visit 1. Training time
was mostly spent independently practicing study tasks, such as
syncing apps.

Smartwatch Adherence
Of the 44 participants, 11 (25%) did not wear the watch for at
least 1 entire day (n=9, 20% missed only 1 d; n=1, 2% missed

2 d; and n=1, 2% missed 4 d). All participants wore the watch
for ≥16.67 h/d for ≥14 days during the monitoring period. Of
the 44 participants, 5 (11%) had ≥27 days of wear time that
exceeded 16.67 h/d. On average, participants exceeded 16.67
h/d of wear time on 92% (range 53%-100%) of total study days.
As the monitoring period extended beyond 4 weeks for some
participants due to scheduling conflicts, watch adherence
measures also were calculated over 27 days, with the average
percentage of days exceeding 16.67 h/d of wear time remaining
unchanged at 92% (range 55%-100%).

On average, participants wore the watch for 21 (range
15.71-22.44) h/d across the 4-week study period. Of the 44
participants, 3 (7%) had an average wear time of <18 h/d, 2
(5%) had an average wear time of <16.67 h/d, and 39 (89%)
wore the watch for ≥20 h/d on average.

The distribution of average watch wear time per week is shown
in Figure 1. Pairwise 2-tailed t tests showed no significant
difference in average wear time across the 4 weeks (refer to
Multimedia Appendix 1 for full results).

As shown in Figure 2, on average, 91% (40/44) of the
participants wore the watch for at least 19 h/d, within 4 hours
of the required 23 h/d. In fact, on average, participants on
average wore the watch for 21 h/d, within 2 hours of the required
23 h/d.

Figure 1. Daily wear time across participants was averaged across weeks 1 to 4 in the study. The y-axis represents the mean daily smartwatch wear
time in hours. The error bars represent –1 to +1 SD.
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Figure 2. Average wear time discrepancy for the entire sample. The y-axis represents each participant’s average daily wear time subtracted from the
required 23 h/d. The x-axis shows participant ID numbers from the feasibility analyses. Each dot represents a participant.

EMA Survey Adherence
On average, participants completed surveys on most study days
(94%; range 58%-100%). Of the 44 participants, 3 (7%)
completed <70% of the surveys, while 41 (93%) completed
>85% of the daily surveys.

Correlations Among Smartwatch Feasibility and
Adherence Metrics
As shown in Table 3, a greater percentage of daily surveys
completed was significantly associated with longer study

training time, but the P value for this association did not survive
Bonferroni correction (ie, P=.005 and below). Correlations
between the 2 measures of smartwatch adherence and between
smartwatch adherence measures and the percentage of daily
surveys completed were significant and survived correction for
multiple comparisons. The correlations indicated that
participants who completed a higher percentage of daily surveys
also wore the watch for longer durations and had more days of
valid smartwatch wear time.

Table 3. Correlation coefficients among smartwatch feasibility and adherence metrics.

Percentage of valid smart-
watch wear days

Percentage of daily surveys
completed

Study training timeConsent comprehension percent-
age correct

Variables

Study training time

———a0.055r

———.77P value

Percentage of daily surveys completed

——0.298–0.016r

——.049.92P value

Percentage of valid smartwatch wear days

—0.5440.0180.230r

—<.001.91.13P value

Daily wear time

0.7780.5790.0910.095r

<.001<.001.56.54P value

aNot applicable.
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Associations Between Participant Characteristics and
Feasibility and Adherence Metrics
As shown in Table 4, only age and self-reported cognitive and
functional decline (ECog) were significantly associated with
feasibility and adherence metrics. Specifically, older participants

required longer study training times, and participants who
reported greater cognitive and functional decline (ECog) had
lower daily average wear time. However, these significant
correlations did not survive Bonferroni correction (P=.003). No
other correlation coefficients were statistically significant (Table
4).

Table 4. Correlation coefficients between smartwatch feasibility metrics and demographic and clinical factors.

Daily wear
time

Percentage of valid
smartwatch wear days

Percentage of daily sur-
veys completed

Study training
time

Consent comprehension percent-
age correct

Variables

Age

0.006–0.0230.1650.403–0.164r

.97.88.28.007.29P value

Education

–0.108–0.092–0.1970.0290.041r

.48.55.20.85.79P value

Cognitive composite scores

0.1550.1020.037–0.0020.216r

.31.51.81.99.16P value

ECoga

–0.393–0.261–0.221–0.206–0.102r

.009.09.15.19.51P value

aECog: Everyday Cognition.

There were no significant sex differences in consent
comprehension, training time, watch adherence measures, or
the percentage of daily surveys completed (data reported in
Multimedia Appendix 1). Participants with MCI and those with
healthy cognition differed on only 1 measure (data reported in
Multimedia Appendix 1): participants with MCI (median 20.64,
IQR 2.74 h) had significantly lower daily wear time than
participants with healthy cognition (median 21.53, IQR 1.18 h;
U=71.00; P=.03). This result is consistent with the significant
correlation between ECog and daily wear time reported in Table
4, suggesting an association between lower cognitive abilities
and less smartwatch wear time.

Between-group analyses comparing Black and White
participants were not statistically significant, except for daily
wear time (data reported in Multimedia Appendix 1). Black
participants (median 20.76, IQR 0.91 h) had significantly lower
daily smartwatch wear time than White participants (median
21.83, IQR 1.02 h; U=74.00; P=.004).

Multivariate associations between participant characteristics
and feasibility and adherence metrics were investigated using
multiple regression analyses with bootstrapping to estimate the
significance of the coefficients. Separate regressions were run,
including one for each cognitive variable (cognitive composite
scores, ECog, and cognitive status; refer to Multimedia
Appendix 1 for all tables), to avoid multicollinearity. The results
showed that race remained a significant predictor of daily wear
time, even after controlling for age, sex, education, and measures
of cognition, with White participants having longer daily wear
times than Black participants. Multivariate analyses also showed
that age was significantly associated with training time even

after controlling for sex, education, race, and measures of
cognition, with older age associated with longer study training
time. By contrast, associations between the measures of
cognition and feasibility and adherence metrics were not
statistically significant in regression analyses, including
demographic variables (age, sex, education, and race).

Usability Survey
The results of the usability survey are shown in Table 5 (Garmin
smartwatch) and Table 6 (Labfront smartphone app). Overall,
participants expressed favorable views of both the smartwatch
and the smartphone apps and especially enjoyed their
involvement in research. When asked, “Would you wear this
Garmin smartwatch without being asked to wear it as part of
the study?” 55% (25/45) of the sample reported “yes.” However,
all participants indicated they were likely (11/45, 24%) or very
likely (34/45, 76%) to participate in a future study asking them
to wear a Garmin smartwatch daily. Of the 45 participants, 36
(80%) either somewhat or strongly agreed that they had a
positive experience using the Garmin smartwatch during the
study period (Table 5). Most of the participants (31/45, 68%)
reported that the smartwatch was comfortable or very
comfortable. Most of the participants (32/45, 71%) were
satisfied or very satisfied with the functioning of the watch. The
majority of the complaints about the smartwatch were regarding
low battery life (17/45, 38%), followed by discomfort (8/45,
18%) and technical issues (8/45, 18%). Of the 45 participants,
17 (38%) reported no complaints about the smartwatch.
Participants suggested the following improvements for the
watch: changing wristband material (18/45, 40%), increasing
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the display size (15/45, 33%), and increasing the wristband size (10/45, 22%).

Table 5. Smartwatch usability and satisfaction (n=45).

Participants, n (%)Survey items

“How comfortable was the smartwatch?”

20 (44)Very comfortablea

11 (24)Comfortable

10 (22)Somewhat comfortable

4 (9)Not comfortable

“Did you wear it overnight every night?”

44 (98)Yes

“How satisfied were you with the functioning of the watch (i.e. you were able to tell date/time easily)?”

18 (40)Very satisfied

14 (31)Satisfied

9 (20)Somewhat satisfied

4 (9)Not satisfied

“Do you have any complaints about using the Garmin Vivosmart 4 watch?”

17 (38)None

8 (18)Technical issues

2 (4)Doesn’t fit

8 (18)It’s uncomfortable

17 (38)Low battery life

6 (13)Problems with the screen

“Overall, I had a positive experience using the smartwatch.”

0 (0)Disagree strongly

3 (7)Somewhat disagree

5 (11)Neutral

18 (39)Somewhat agree

19 (43)Agree strongly

“What would you change to improve the comfort of wearing the Garmin smartwatch?”

15 (33)No changes needed

9 (20)Improve wristband clasp function

15 (33)Increase display size

18 (40)Change material of wristband (cloth, material)

10 (22)Other (increase size of wristband)

“How satisfied were you with charging the battery of the Garmin smartwatch?”

10 (22)Very satisfied

19 (44)Satisfied

11 (24)Somewhat satisfied

4 (9)Not satisfied

“Did the watch ever run out of battery while you were wearing it?”

17 (38)Yes (those who answered yes, indicated between 1 and 5 times)

aItalicized text indicates the most frequent response.
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App usability and overall experience are reported in Table 6.
Of the 45 participants, 41 (91%) were satisfied or very satisfied
with the syncing process of both apps (Garmin and Labfront).
Of the 45 participants, 35 (78%) indicated that they agreed or
strongly agreed that the Labfront app was easy to use and that

they felt very confident using it. Importantly, 64% (29/45) of
the participants had a positive or extremely positive experience
with the Labfront app. Moreover, 71% (32/45) of the participants
indicated that the Labfront app was easy to use or extremely
easy to use (Table 6).

Table 6. App usability and overall experience (n=45).

Participants, n (%)Survey items

“How easy was it to sync the watch every day with the Labfront and Garmin apps?”

32 (71)Very satisfieda

9 (20)Satisfied

1 (2)Somewhat satisfied

3 (7)Not satisfied (issues included having to try a couple of times to sync the Labfront app)

“I thought Labfront was easy to use”

3 (7)Strongly disagree

5 (11)Disagree

2 (4)Neither agree nor disagree

18 (40)Agree

17 (37)Strongly agree

“I felt very confident using the Labfront app”

2 (4)Strongly disagree

2 (4)Disagree

4 (9)Neither agree nor disagree

18 (40)Agree

19 (42)Strongly agree

“I enjoy using the Labfront app”

1 (2)Strongly disagree

2 (4)Disagree

18 (40)Neither agree nor disagree

17 (38)Agree

7 (16)Strongly agree

“How would you rate your experience with the Labfront app?”

1 (2)Extremely negative

2 (4)Negative

13 (29)Neutral

23 (51)Positive

6 (13)Extremely positive

“How would you rate usability of the Labfront app?”

0 (0)Very difficult to use

3 (7)Somewhat difficult to use

10 (22)Neutral

23 (53)Easy to use

8 (18)Extremely easy to use

aItalicized text indicates the most frequent response.
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Discussion

Principal Findings
Overall, the results demonstrated that our longitudinal study
requiring daily wear of a smartwatch and daily EMA survey
completion in a racially diverse sample of older adults was
feasible with excellent adherence. Participants with cognitive
impairment and those without wore a commercially available
smartwatch during waking and sleep hours for 4 weeks for an
average of 21 h/d and showed an average response rate of 94%
to daily EMA surveys. Only 1 (2%) of the 47 enrolled
participants refused to complete the study after informed consent
due to discomfort with the watch fit. On the basis of the results
of our consent comprehension quiz, participants had no difficulty
understanding the study procedures and risks, and completed
smartwatch and app training in 18 minutes on average. After
consent and training, participants remained in the study for at
least 28 days. Average wear time did not decline significantly
over the course of the study and on average never fell below 20
h/d. Although there are no benchmark standards for indicating
good smartwatch adherence, a recent systematic review of
activity trackers to monitor physical activity suggested that 3
valid days of at least 10 h/d may be a good adherence threshold
for a week-long study [38]. Another study defined a “valid day”
as one that includes at least 16.67 hours of data or at least 600
one-minute epochs of nonzero heart rate values [37]. In our
study, participants wore the study watch for >16.67 h/d on 92%
of the days on average. Thus, our results exceed the recent
suggestions for adherence and validity and show strong support
for the feasibility and adherence of our protocol to monitor older
adults.

Smartwatch feasibility and adherence metrics were associated
with each other as expected, and EMA survey adherence also
was related to smartwatch adherence measures. However,
feasibility and adherence metrics were differentially related to
participant factors, indicating the importance of measuring
adherence to each feature of a smartwatch and EMA study
separately. EMA survey adherence was not related to any
participant characteristic and was uniformly high, possibly
because participants received smartphone reminder alarms to
complete the daily survey and sync the apps at predetermined
times at night before bedtime. There was no comparable alert
to prompt participants to wear the smartwatch during the day
or night. Future studies should consider adding prompts to
facilitate smartwatch adherence.

In contrast to past studies [21], we observed no associations
between participant’s sex or education level on any measure of
adherence and feasibility in our diverse sample. Smartwatch
adherence was associated with race such that White participants
wore the smartwatch for more hours per day (daily wear time)
than Black participants during the study period. The effect of
race remained significant, even after controlling for other
demographic variables, including age, education, and cognition.
The reason for the race difference is unknown but may be
explained by different beliefs, attitudes, or daily habits between
the racial groups. As wear time is measured using the
photoplethysmography sensor, which relies on the absorption

of infrared light into the skin, it is possible that the measures
might have been less accurate for people with darker skin tone.
If replicated, cultural factors and potential sensor limitations
related to skin tone, which might explain racial differences in
adherence, should be systematically explored. Although Black
and White participants differed in daily wear time, race did not
influence the percentage of days that reached the 16.67-hour
threshold for “valid” wear time. Thus, the race difference in
daily wear time was small and potentially inconsequential.
Furthermore, race was not associated with any other feasibility
and adherence measure.

Although cognitive ability level (both self-reported cognitive
decline and MCI status) was associated with daily wear time in
bivariate analyses, the effect of cognition was not significant
in multiple regression models. These results contrast with past
research that has shown cognitive ability to be related to
adherence; for example, memory ability was related to adherence
in a study requiring the daily syncing of a Fitbit device in a
sample of older adults without cognitive impairment [21]. Our
study protocol, including training and supports during the
monitoring period (eg, the take-home binder and twice daily
alarms [in the morning to charge the watch and at night to sync
the apps and complete the surveys]) may have helped
participants with cognitive difficulties adhere to the smartwatch
wear requirements and EMA survey.

Age was not associated with watch or survey adherence, which
is consistent with the results from a recent smartphone digital
phenotyping study [15]. However, similar to a recent study from
our laboratory [13], we found that age was associated with
training time such that older participants required longer training
times in the laboratory to learn how to sync the study-related
apps and complete the daily EMA survey on their smartphone.
The training required participants to independently complete
each activity (syncing apps, charging the smartwatch, and
completing the EMA survey) while a member of the study team
observed, answered questions, and provided feedback. On
average, participants took <20 minutes to complete the training.
Older participants may have taken longer to complete the
training due to lower digital literacy; they may have required
more practice and may have asked more questions during the
training. Although the number of people aged >65 years owning
smartphones in the United States has steadily increased over
the past decade, digital literacy is generally lower in older adults.
The longer training time and the take-home binder, which
summarized the training for review during the study period,
may have consequently minimized age effects on smartwatch
and daily EMA survey adherence. Smartwatch studies that
incorporate a “human in the loop” have been found to have
higher adherence than fully remote studies [15]. Even if a study
is conducted fully remotely, providing some contact with study
personnel (via teleconference) or training resources (in the form
of a training binder, video tutorial, website, or web-based
helpline) could be quite beneficial to increasing adherence,
especially for older adults with low digital literacy.

Participants generally demonstrated solid knowledge of the
informed consent information, including issues related to data
security and privacy that are relevant to research using wearable
devices; for example, responses to the study consent quiz
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showed that participants understood that the study apps were
Health Insurance Portability and Accountability Act–compliant
and that they had control over their data such that they had the
right to delete their study data at any time. In contrast to a study
on smartphone digital phenotyping that found that education
and race were associated with quiz accuracy [13], percentage
correct on the consent comprehension quiz was not significantly
related to any of the participant demographic factors, possibly
because the scores on the quiz had little variability (ie, ceiling
effects). Similar to a past study [13], the most frequently
incorrect question concerned the potential benefits of the study,
with many participants incorrectly reporting that their
participation would improve their cognitive abilities. In these
cases, the comprehension quiz enabled the study team to explain
that wearing the smartwatch had no clear benefit and possibly
preclude participants’ disappointment at the end of the study.

Smartwatch usability reports were largely very positive, with
most of the participants (37/45, 82%) agreeing that they had a
positive experience using the Garmin Vivosmart 4 smartwatch
in the study as well as high satisfaction regarding its comfort
and functioning. This is in line with past research showing that
the Garmin Vivosmart was rated as the most usable and
acceptable smartwatch compared to 5 other smartwatches by
older adults in a small study [39]. Although participants
indicated that they needed to charge the Garmin Vivosmart 4
smartwatch daily, they were generally satisfied with battery
life. Regarding app usability, almost all participants were
satisfied with the syncing process of the Labfront and Garmin
Connect apps (42/45, 93%), felt that the Labfront app was easy
to use (35/45, 78%), and reported a positive experience using
the Labfront app (29/45, 64%). There are currently no other
studies examining the usability and acceptability of the Labfront
and Garmin Connect apps.

Regarding the usability of the smartwatch and apps, participants
were generally satisfied with the smartwatch and reported that
they would wear it again in another study. It is important to
consider that most of the participants (44/45, 98%) reported
having to charge the watch daily, and low battery life was the
most frequently cited complaint about the smartwatch. Thus,
in future studies, participants should be trained and prompted
to charge watches and other digital devices, and they should be
informed about battery limitations to preclude complaints and
dissatisfaction. Multiple chargers, including portable batteries,
may be offered to participants to improve usability. Despite
minor complaints regarding charging, most of the participants
(37/45, 82%) reported a positive experience during the study
using the smartwatch. Participants also reported high satisfaction

and ease of use of the Labfront and Garmin apps, which were
used for daily syncing to enable sensor and EMA data to be
transmitted to the research team. Taken together, our findings
are generally in line with prior research showing good
acceptability and usability of wearable devices in research
studies involving older adults [21].

Limitations
Although our sample included older adults of different races,
the sample was relatively small and highly educated.
Furthermore, only 8 (18%) of the 44 participants had MCI;
therefore, analyses comparing participants with MCI and those
with healthy cognition were underpowered. However, cognitive
effects on adherence were also examined with a composite test
score and self-reports of cognitive and functional abilities
(ECog). Moreover, our monitoring period was limited to a
4-week period; therefore, the conclusions may not generalize
to longer periods. Importantly, our study incorporated several
supports for participants such as in-person training, a take-home
binder, contact with study personnel, and reminder alarms set
for times specified by participants. These study features likely
influenced the high adherence to smartwatch wear and EMA
survey completion in our study compared to fully remote studies
with little to no support from study personnel. In addition, our
study’s EMA survey imposed minimal demands because it was
required only once daily and completed at a time preferred by
participants.

Conclusions
This study demonstrated the feasibility of a combined
smartwatch monitoring and daily EMA study requiring nearly
24-hour wear time daily for a month in racially diverse older
adults, including those with cognitive impairment and those
without. Smartwatch feasibility and adherence metrics were not
significantly intercorrelated and were differentially related to
participant characteristics. The inclusion of a guided training
for older adult participants on study procedures as well as a
take-home binder and smartphone reminder alarms to complete
study steps (syncing apps, charging the smartwatch, and
completing the daily EMA survey) may have contributed to
strong adherence and feasibility in this study, regardless of
cognitive impairment. Participants reported high satisfaction
regarding the usability of both the Garmin Vivosmart 4
smartwatch and Labfront app. Overall, longitudinal monitoring
using a commercially available smartwatch with a daily EMA
survey is acceptable and feasible for collecting nearly continuous
data in Black and White older adults, including those with
cognitive impairment and those without.
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EMA: ecological momentary assessment
MCI: mild cognitive impairment
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Abstract

Background: Binge drinking, which is linked to various immediate and long-term negative outcomes, is highly prevalent among
US college students. Behavioral interventions delivered via mobile phones have a strong potential to help decrease the hazardous
effects of binge drinking by promoting safer drinking behaviors.

Objective: This study aims to evaluate the preliminary efficacy of bhoos, a novel smartphone app designed to promote safer
drinking behaviors among US college students. The app offers on-demand educational content about safer alcohol use, provides
dynamic feedback as users log their alcohol consumption, and includes an interactive drink tracker that estimates blood alcohol
content in real time.

Methods: The bhoos app was tested in 2 independent pre-post studies each lasting 4 weeks, among US college students aged
18‐35 years. The primary outcome in both trials was students’ self-reported confidence in using protective behavioral strategies
related to drinking, with self-reported frequency of alcohol consumption over the past month examined as a secondary outcome.

Results: In study 1, bhoos was associated with increased confidence in using protective behavioral strategies. Students also
endorsed the high usability of the app and reported acceptable levels of engagement. Study 2 replicated findings of increased
confidence in using protective behavioral strategies, and demonstrated a reduction in the self-reported frequency of alcohol
consumption.

Conclusions: Bhoos is a personalized, accessible, and highly scalable digital intervention with a strong potential to effectively
address alcohol-related behaviors on college campuses.

(JMIR Hum Factors 2025;12:e69873)   doi:10.2196/69873
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Introduction

Overview
Binge drinking, defined as consuming more than 5 standard
drinks for men or 4 for women within a 2-hour period [1,2], is
highly prevalent among US college students. This is concerning
because binge drinking is linked to various immediate and
long-term negative outcomes, including lower academic
performance, a higher incidence of sexual assault, drunk driving,
motor vehicle accidents, organ damage, and premature death
[2-5]. Additionally, research shows that college students
consume more alcohol than their noncollege-attending peers
[6,7], which is troubling given that excessive drinking during
late adolescence and early adulthood is a strong predictor of

alcohol use disorders later in life [8]. Therefore, taking proactive
steps to address binge drinking among college students is critical
to reducing both the short- and long-term consequences in this
population.

Alcohol Interventions in US Colleges
A common approach adopted by US colleges and universities
to address hazardous drinking among students involves programs
that focus on changing attitudes, increasing knowledge, and
modifying behaviors related to alcohol use. Programs like the
Brief Alcohol Screening and Intervention for College Students
[9,10] typically include brief motivational counseling sessions
aimed at reducing students’ positive alcohol expectancies,
increasing their awareness of the consequences of drinking, and
enhancing their readiness to change [11-15]. Despite the
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widespread implementation of such alcohol education and
intervention programs, national data show that binge drinking
rates among college students have remained relatively stable
for over a decade [5], highlighting the ongoing difficulty in
effectively addressing this public health issue.

Delivering Alcohol Interventions Through Smartphone
Apps
Safer drinking interventions delivered through smartphones
may offer distinct advantages in addressing binge drinking
among young adults due to their ubiquity, high use, constant
presence, and engaging features. Among all US demographic
groups, college students have some of the highest rates of
smartphone ownership and use [16]. Capitalizing on this
widespread adoption provides an opportunity to develop
personalized interventions that can effectively engage students
and help regulate their alcohol consumption. Compared with
in-person interventions, smartphone app-based alcohol
interventions are highly accessible, cost-effective, scalable for
large student populations, and can offer personalized feedback
based on users’ behaviors [17-19].

Researchers have begun exploring the use of smartphone apps
to deliver alcohol interventions both in the general population
[18-20] and among college students specifically [21-25].
Reviews generally support the feasibility and potential of
app-based interventions for addressing outcomes of problematic
drinking in college students, though results have been
inconsistent across studies [21,23]. One potential reason for this
inconsistency may be the lack of sufficient tailoring or
personalization for US college students, given that incorporating
strategies like gamification to personalize digital interventions
may increase user engagement and improve outcomes [26,27].
For example, providing users with dynamic feedback about
their drinking, such as their estimated blood alcohol level, may
help them to better regulate their alcohol consumption during
a night out with their friends to avoid negative consequences.
Furthermore, providing users with graphical displays of their
current and past alcohol consumption patterns may help them
understand how their drinking has impacted other aspects of
their lives, such as their academic performance and personal
health.

Our team conducted a formative study to gain a detailed
understanding of US students’preferences for interventions and
their patterns of smartphone use [28]. Based on our findings
and through conducting iterative user-centered design testing,
our team developed bhoos (see below for a detailed description
of the app and its functions). Similar to other app interventions,
bhoos provides on-demand psychoeducational content about
safer alcohol use. A novel feature of bhoos, however, is its
just-in-time approach. Through an interactive drink tracking
feature, students can log their consumption of alcohol in real
time, enabling the app to provide dynamic feedback on
recommended safe drinking behaviors based on estimated
real-time blood alcohol content [28]. The primary goal of bhoos
is therefore to promote safer drinking behaviors, in large part
by increasing students’ confidence in engaging in protective
strategies, with the potential secondary outcome of reducing
overall alcohol consumption.

The Current Studies
We investigated the feasibility and preliminary impact of bhoos
in 2 pre-post studies conducted among students at a mid-Atlantic
university in the US over a 4-week period. The hypothesis for
study 1 was that bhoos would lead to an increase in students’
confidence in using protective behavioral strategies (ie,
behaviors that are used while drinking to reduce alcohol use or
limit alcohol-related problems) from baseline to
postintervention. A secondary hypothesis was that bhoos would
lead to a reduction in self-reported alcohol consumption from
baseline to postintervention. Study 1 also evaluated the impact
of small monetary incentives on drinking outcomes and how
students use the app to log their drinks. As study 1 was the first
to test bhoos in college students, we examined students’
engagement with the app and their ratings of its usability. Focus
groups were conducted at the end of study 1 to gather feedback
on the app from participants. Study 2 was conducted as a
replication of self-reported drinking outcomes in study 1 to
determine the potential of testing bhoos in a future randomized
trial.

Ethical Considerations

Both studies reported in the manuscript were approved by the
University of Virginia Institutional Review Board for Social
and Behavioral Sciences (IRB-SBS #4020, 5334). All
participants provided informed consent. Data are deidentified.
Participants in study 1 received gift cards via the web as
compensation for completing the baseline (US $20) and
postassessments (US $45). Participants randomized to receive
added incentives in study 1 received an additional sum, up to
US $30, based on their completion of 3 engagement milestones:
US $10 for downloading the app, US $10 for logging 1 drink
or dry day, and US $10 for logging a “streak” of 3 consecutive
days of drinks or dry days. Participants in study 2 received gift
cards via the web as compensation for completing the baseline
(US $20) and postassessments (US $25).

Study 1

Methods

Study Overview and Participants
Study 1 consisted of 3 phases. The first phase evaluated the
bhoos app in a simple pre-post trial design. The second phase
randomized (1:1) participants to receive small additional
monetary incentives or not for using the bhoos app in a second
pre-post trial. The third phase consisted of focus groups to
capture impressions of the app by a subset of participants from
the second phase.

For all phases of study 1, college students were eligible to
participate if they met the following criteria: (1) aged 18 to 35
years, (2) current enrollment verified via a university email
address, and (3) currently owned and used a smartphone.
Students were enrolled using traditional, online, and social
media methods. Recruitment spanned June through September
2021. Recruitment materials instructed applicants to complete
a web-based interest form including contact information,
demographic information, and questions to determine initial
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study eligibility. Research coordinators verified student status
and identity with the university’s internal people search. Eligible
verified applicants were invited to participate, signed a
web-based consent form, and were enrolled in the study.

The phase 1 group included 83 participants (mean age 20.8
years, SD 1.6 years; 68% self-identified as female; 58%
self-identified as White, 16% self-identified as Asian or
Hawaiian/Pacific Islander, 4% self-identified as Black, 12%
self-identified as multiracial, 4% prefer not to answer, and 6%
chose to leave the item blank), and phase 2 group included 172
participants (mean age 20.1 years, SD 1.8 years; 60%
self-identified as female; 48% self-identified as White, 19%
Asian or Hawaiian/Pacific Islander, 8% Black, 11% multiracial,
1% prefer not to answer, and 13% chose to leave the item blank).
Assessments occurred at baseline and postintervention, 28 days
later. All participants received gift cards via the web as
compensation for completing the baseline (US $20) and
postassessments (US $45). Participants in the phase 2 group
who were randomized to not receive added incentives (n=86)
were only provided compensation for completing the baseline
and postassessments. However, those randomized to receive
added incentives (n=86) received an additional sum, up to US
$30, based on their completion of 3 engagement milestones:
US $10 for downloading the app, US $10 for logging 1 drink
or dry day, and US $10 for logging a “streak” of 3 consecutive
days of drinks or dry days (see bhoos description, below).

To improve the app for future trials, the third phase of the trial
included a subset of participants (n=18) from the phase 2 group
who were invited to be part of debriefing focus groups that
occurred 9‐12 months after the initial pre-post trial. A total of
5 focus groups were conducted and qualitative information was
collected regarding participants’ general impressions of the app,
what features of the app they liked most/least, and the degree
to which the app helped them manage their drinking.

Intervention: Bhoos
Bhoos (pronounced [booz]) is an app whose name is a play on
the word “booze,” slang for alcohol, and the nickname for
University of Virginia students, “hoos.” The app provides
on-demand educational content about safer alcohol use and
dynamic feedback to users as they log their alcohol consumption
in real time. Users can log the type of alcoholic drink they are
consuming and each drink entry is time-stamped. The app
provides real-time estimates of the user’s blood alcohol
concentration (estimated blood alcohol concentration) based on
their self-identified sex, weight, and number and type of
alcoholic drinks logged. In-app notifications are pushed to users
based on their estimated blood alcohol concentrations, including
information about recommended actions to stay safe and avoid
overdrinking. Users can view their current and past drink history
through a built-in dashboard. To encourage engagement with
the app, users can establish a streak of logins whenever they
log consecutive drinking days or dry days (ie, days in which
users logged no alcoholic drinks). To encourage engagement,
the app also allows users to rate activity level or sleep quality
as a secondary health behavior. Materials about safe drinking
tips and staying healthy can be accessed directly from the main
page. Users can also learn about health-related resources in and

around the university through the app on demand. The app
design and content were informed by formative research and a
think-aloud process with the target population prior to this trial
[28].

Measures

Baseline Alcohol Use Severity

The 10-item Alcohol Use Disorders Identification Test (AUDIT)
is the most widely used self-report measure of unhealthy alcohol
use [29]. Scores range from 0 to 40, with higher scores
indicating more unhealthy alcohol use. Prior studies on college
students have suggested cutoff scores for low-risk drinkers (<7),
hazardous drinkers (8-15), and alcohol-dependent drinkers
(>15). Participants completed the AUDIT at baseline (Cronbach
α=0.78) to characterize their alcohol use over the past year.

Alcohol Consumption in the Past Month

We used a modified 3-item measure based on the Daily Drinking
Questionnaire [30] to assess students’ self-reported drinking
behavior. Students were initially asked “How often did you
drink during the last month?” with response options ranging
from 1 (did not drink at all) to 7 (once a day or more). Responses
were analyzed as a single-item measure of the average number
of days per week in the last month involving alcohol
consumption, with higher scores indicating more days per week
that involved alcohol consumption. Students who responded
that they had drank at least once a month (ie, a score of ≥2)
were then asked 2 follow-up questions: “Think of a typical
weekend evening (Friday or Saturday) during the last month.
How many standard drinks did you drink on that evening?” and
“Think of the occasion (any day of the week) you drank the
most during the last month. How many standard drinks did you
drink?” Students responded to each of these questions by typing
a number into an open field. Because these questions were
intended to assess for average and maximum alcohol
consumption, respectively, we analyzed responses to them as
separate items.

Protective Behavioral Strategies

A modified version of the 20-item Protective Behavioral
Strategies Scale [31-33] was administered at baseline (α=0.92)
and postintervention (α=0.93) to assess students’ confidence
in using protective behavioral strategies, or behaviors adopted
while drinking to limit their alcohol consumption or limit
alcohol-related problems. Specifically, the instructions were
modified from the original version to ask students to select the
response option that “best fits your confidence level” for using
various protective strategies when drinking. Participants
responded to each item on a modified scale from 1 (extremely
not confident) to 7 (extremely confident), with scores ranging
from 20 to 140 [34,35]. Higher scores indicate more confidence
in using protective behavioral strategies such as stopping or
limiting alcohol consumption, changing the speed or frequency
of drinking, and reducing the risk of serious harm by using a
designated driver, going home with a friend, or protecting one’s
drink from adulterants.
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App Usability

The 10-item System Usability Scale (SUS) [36] was
administered postintervention to assess the usability of the bhoos
app. The SUS provides a global view of subjective assessments
of usability. We customized the items to specifically mention
bhoos. Sample items include “I think that I would like to use
bhoos frequently” and “I thought bhoos was easy to use.”
Responses to each item range from 1 (strongly disagree) to 5
(strongly agree). Possible scores on the SUS range from 0 to
100, with a higher score indicating higher overall usability of
a system or program. The SUS has been used in roughly 3500
surveys within 273 studies evaluating a range of systems,
interfaces, and programs [37]. Internal consistency of the SUS
was good (α=0.84).

Plan for Analyses

To determine whether students’self-reported drinking outcomes
differed across the 2 phases, including the incentive conditions
in phase 2, 1-way ANOVAs were conducted using the phase 1,
phase 2 incentivized, and phase 2 nonincentivized groups as
within participants variables and difference scores for the
drinking outcomes as the dependent variables. Difference scores
in drinking outcomes between the baseline and postintervention
time points served as the dependent variables. Next, for each
of the phase 1 and phase 2 groups, paired t tests were conducted
to obtain estimates of short-term changes in drinking and
attitudinal measures from baseline to follow-up. Box-Cox
transformations were performed for the drinking outcomes
where there was evidence of nonnormality of data based on
skewness (outside of −1 and +1) or kurtosis (outside of −2 and
+2) being outside of the conventional acceptable ranges. The
pattern of findings did not change when using transformed or

raw variables. Analyses of self-reported drinking outcomes were
performed using IBM SPSS Statistics (version 26.0.0). App use
is described using descriptive statistics. Qualitative feedback
from focus groups was reviewed by members of the study team
(KI, CF, NA, and CC), and recurring themes were identified.

Results

Baseline Alcohol Use Severity
To characterize the sample, we examined AUDIT scores for all
participants in study 1. Of the 234 students who completed at
least the baseline measures, 133 (59%) were classified as
low-risk drinkers (AUDIT Score ≤7), 93 (40%) were classified
as hazardous drinkers (AUDIT Score between 8 and 15), and
8 (3%) were classified as alcohol dependent drinkers (AUDIT
score >15).

Evaluating the Impact of Study Phases on Self-Reported
Outcomes
There was no significant effect of the study phase or incentives
on any of the self-reported drinking outcomes, for the average
number of days per week in the last month involving alcohol

consumption (F2, 232=0.294, P=.75, η2=.003), typical weekend
evening drink consumption in the last month (F2, 165=0.662,

P=.52, η2=.008), the maximum number of drinks consumed in

the last month (F2, 175=0.005, P=.99, η2=.00), or protective

behavioral strategies (F2, 232=1.469, P=.23, η2=.013). Table 1
contains all results of self-reported drinking outcomes,
separately for each phase and incentive condition. Below, we
report self-reported drinking-related outcomes overall for those
in phases 1 and 2 combined, followed separately for each phase
and incentive group.

Table . Self-reported drinking outcomes for study 1.

Protective behaviors, mean (SD)Max number of drinks on one oc-
casion in the last month, mean
(SD)

Average number drinks per
weekend in the last month, mean
(SD)

Average number of days per week
drinking in the last month, mean
(SD)

P val-
ue

t test
(df)

PostPreP val-
ue

t test
(df)

PostPreP val-
ue

t test
(df)

PostPreP val-
ue

t test
(df)

PostPre

.330.98
(75)

100.30
(20.18)

98.20
(21.01)

.430.79
(65)

5.94
(3.12)

5.68
(3.16)

.910.11
(60)

3.61
(1.75)

3.64
(1.68)

.590.54
(75)

3.71
(1.34)

3.66
(1.31)

Phase
1

.032.29
(76)

111.91
(23.28)

106.19
(24.74)

.810.27
(53)

4.59
(3.65)

4.53
(3.36)

.181.35
(50)

2.89
(1.95)

3.21
(2.06)

.830.22
(74)

3.01
(1.36)

2.99
(1.35)

Phase
2 (no
incen-
tive)

.380.89
(80)

108.52
(24.56)

106.14
(26.05)

.520.64
(54)

5.98
(4.48)

5.93
(3.05)

.910.12
(52)

3.93
(2.75)

3.76
(1.92)

.590.55
(81)

2.99
(1.27)

3.05
(1.52)

Phase
2 (in-
cen-
tive)

Protective Behavioral Strategies
Overall, there was a significant increase in students’confidence
in using protective behavioral strategies in drinking from
baseline (Meanpre 103.58, SD 24.26) to postintervention
(Meanpost 106.97, SD 23.20; t233=2.393, P=.02), such that
students reported more confidence engaging in more protective

behaviors while drinking to limit alcohol-related problems from
drinking from baseline to postintervention.

As seen in Table 1, despite an increase in students’ self-reported
confidence in using protective behavioral strategies from
baseline to postintervention for all 3 groups, the effect was not
significant for students in the phase 1 group (t75=0.98, P=.33),
and the phase 2 incentive group (t80=0.89, P=.38). There was,
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however, a significant increase in confidence in using protective
behavioral strategies for the phase 2 no incentive group
(t76=2.29, P=.03).

Alcohol Consumption in the Past Month
Overall, there was no significant change to the average number
of days per week in the last month involving alcohol
consumption, from baseline (Meanpre 3.23, SD 1.43) to
postintervention (Meanpost 3.25, SD 1.39; t232=0.07, P=.95).
There were also no significant changes to students’ average
number of drinks per weekend in the last month from baseline
(Meanpre 3.52, SD 1.90) to postintervention (Meanpost 3.44, SD
2.20; t164=0.85, P=.40), nor were there significant changes to
students’ maximum number of drinks consumed in the last
month from baseline (Meanpre 5.43, SD 3.46) to postintervention
(Meanpost 5.51, SD 3.83; t173=0.20, P=.84).

As seen in Table 1, there were no significant changes to
students’ self-reported drinking frequency in the past month
from baseline to postintervention for students in the phase 1
group (drinking frequency in the past month, t75=0.54, P=.59;
the average number of drinks per weekend in the last month,
t60=0.11, P=.91; the maximum number of drinks consumed in
the last month, t65=0.79, P=.43). This was also the case for the
phase 2 no incentive group (drinking frequency in the past
month, t74=0.22, P=.83; the average number of drinks per
weekend in the last month, t50=1.35, P=.18; the maximum
amount of drinks consumed in the last month, t53=.27, P=.81),
and the phase 2 incentive group (drinking frequency in the past
month, t81=0.55, P=.59; average number of drinks per weekend
in the last month, t52=0.12, P=.91; the maximum amount of
drinks consumed in the last month, t54=0.64, P=.52).

Usability of Bhoos
There was no significant effect of the study phase or incentives
on self-reported usability of bhoos (F2, 234=0.097, P=.908,

η2=.001). Usability scores for students in phase 1 ranged from
22.5 to 100 (mean 71.22, SD 17.21). Scores for students in the
phase 2 nonincentive group ranged from 35 to 100 (mean 71.75,
SD 16.96), and 37.50 to 100 (mean 72.38, SD 15.69) for those
in the phase 2 incentive group. The average usability score
(mean 71.80, SD 16.54) placed bhoos in the third quartile of all
programs evaluated by the SUS [37].

Engagement With Bhoos
Nearly all participants (93.33%, 238 of 255) in study 1
downloaded the app. The majority of participants (85.49%, 218
of 255) logged at least 1 drink or dry day. Roughly two-thirds
(160 of 255) of the participants logged at least 1 alcoholic drink,
whereas nearly 3-quarters (189 of 255) logged at least 1 dry
day. Slightly more than half (145 of 255) logged at least 1 streak.
On average, participants used the app for 12.67 days (SD 9.96
d) of the 28 days of the intervention period.

Overall, providing added incentives did not seem to impact how
students used the app to log their drinks. Among those in the
phase 2 group, students randomized to receive incentives logged,
on average, 11.16 drinks (SD 8.92) while those randomized to

receive no added incentives logged, on average, 13.04 drinks
(SD 16.62), t130=0.924, and P=.357. Moreover, students
randomized to receive incentives logged, on average, 15.50 dry
days (SD 9.39) while those randomized to receive no added
incentives logged, on average, 15.90 dry days (SD 8.81),
t169=0.282, and P=.78.

Qualitative Feedback From Focus Groups
The feedback obtained from focus groups revealed several
common themes. Students found the bhoos app to be visually
appealing and user-friendly. They expressed that the drinking
chart within the app raised their awareness of their drinking
habits over time, and they appreciated the ability to review their
drinking history within the app. However, some students felt
that the psychoeducational content within the app was too static,
and they suggested that incorporating videos would be
beneficial. Additionally, many students expressed a desire to
track a broader range of secondary behaviors, including mood
and stress.

In response to this feedback from the focus groups, we made
several iterative improvements to the bhoos app in preparation
for the next pilot study (study 2). Specifically, we enhanced the
psychoeducational content by adding 4 short videos on relevant
topics, including information on helping an intoxicated friend,
knowing the signs of alcohol overdose, learning about alcohol
tolerance, and understanding standard drink amounts. We also
included more information on safety tips while drinking. We
refined the app’s functionality for users to track their mood or
stress to identify patterns related to drinking events. Last, known
bugs and glitches that students reported while using the app
were addressed, enhancing bhoos’ overall performance and
reliability.

Discussion
Collectively, the results from study 1 provide preliminary
support for the feasibility and usability of bhoos among college
students in the United States. While the students in this sample
did not report a reduction in drinking frequency, findings
indicate that they were more confident in their ability to engage
in protective behaviors while drinking, potentially enhancing
their safety. Both app engagement data and mixed methods
results confirm the usability of bhoos, while providing added
monetary incentives did not seem to impact any of the observed
outcomes or how students used bhoos to track their drinking.
The qualitative feedback from students was instrumental in
identifying areas for app improvement to enhance usability and
engagement. Building on these findings, study 2 was conducted
to examine whether the impact of bhoos on drinking-related
outcomes would be replicated in an independent sample of
college students.

Study 2

Methods

Study Overview and Participants
Eligibility criteria were identical to study 1. College students
were recruited over the 2022 Fall semester using advertisements
in dining halls. Although the initial goal was to enroll up to 200
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students, the recruitment timeline was hampered by the
continuation of the COVID-19 pandemic and a tragic event that
occurred on university grounds on November 13th, 2022 (a
shooting on University grounds that resulted in the murders of
3 students). The latest baseline questionnaires were completed
before the event and enrollment of new participants was halted
after the event. Participants who completed baseline
questionnaires were permitted to complete the study and
complete the postintervention questionnaires. In total, 43
students were recruited (60% students self-identified as women;
24 students self-identified as White, 12 students self-identified
as Asian or Native Hawaiian, 2 students self-identified as Black,
and 5 students self-identified as multiracial). Once again,
assessments were administered at baseline and postintervention,
28 days later. All participants received gift cards via the web
as compensation for completing the baseline (US $20) and
postassessments (US $25). An added incentivization group was
not included in study 2.

Measures and Plan for Analyses
The same self-report measures were administered in study 2 as
in study 1. Specifically, baseline alcohol use severity was
assessed by the 10-item AUDIT [29] (α=0.82). Alcohol
consumption in the past month was assessed at baseline and
postintervention with the 3-item measure used in study 1. Each
item was treated as a separate single-item scale. The modified
20-item Protective Behavioral Strategies Scale [31-33] was
administered at baseline (α=0.90) and postintervention (α=0.91)
to assess students’ confidence in using protective behavioral
strategies. Finally, the usability of the bhoos app was assessed
postintervention using the SUS [36] (α=0.75).

Paired t tests were used to investigate short-term changes in
drinking and protective behaviors from baseline to follow-up.
Due to the limited sample size, if the normality assumption was
not met some analyses were computed again with the paired
Wilcoxon Signed Rank Test. This did not change the
interpretation of any of the results]. Analyses were performed
using R (version 4.3.3; R Core Team). App use is described
using descriptive statistics.

Results

Baseline Alcohol Use Severity
Of the 43 students, 25 (58%) were classified as low-risk drinkers
(AUDIT Score ≤7), 11 (26%) were classified as hazardous
drinkers (AUDIT Score between 8 and 15), and 6 (14%) were
classified as alcohol dependent drinkers (AUDIT score >15).

Protective Behavioral Strategies
As expected, there was a significant increase in students’
confidence in using protective behavioral strategies after using
bhoos from baseline (Meanpre 107, SD 17.19) to postintervention
(Meanpost 113.37, SD 15.87; t31=-2.79, P=.01), such that students
reported confidence in engaging in more protective behaviors
while drinking to limit alcohol-related problems from drinking
after the intervention compared with before.

Alcohol Consumption in the Past Month
There was a significant decrease in the average number of days
per week drinking alcohol in the last month from baseline
(Meanpre 2.32, SD 1.27) to postintervention (Meanpost 2.06, SD
1.15; t33=2.32, P=.031). Among students who reported drinking,
there was no significant change to their typical weekend evening
drink consumption from baseline (Meanpre 3.83, SD 2.80) to
postintervention (Meanpost 3.87, SD 2.30; t29=0, P=.92), nor
was there a significant change to the maximum number of drinks
they consumed in a single occasion the last month, from baseline
(Meanpre 5.17, SD 4.07) to postintervention (Meanpost 5.34, SD
4.50; t28=0.24, P=.82).

Usability of Bhoos
Usability scores ranged from 55 to 98 (out of a possible 100).
Overall, students reported higher usability of the revised version
of bhoos (mean 77.93, SD 11.92) than in the original version
tested in study 1. The average score placed bhoos in the upper
75% (fourth quartile) of all programs evaluated by the SUS
[37].

Discussion
Collectively, the findings from study 2 reproduce the
drinking-related results from study 1. Specifically, the findings
of study 2 replicate the finding that bhoos is associated with an
increase in confidence in using protective behaviors while
drinking. It is worth noting that students in study 2 also reported
reduced frequency of drinking, which may have resulted from
improvements to the app from study 1, which is supported by
our finding that students rated the app as more usable in study
2 than in study 1.

Overall Discussion

Principal Findings
Developing effective, accessible, and scalable interventions to
address excessive drinking among college students is critical
due to the significant public health concerns posed by alcohol
misuse on college campuses. In 2 studies, we observed
promising and consistent results regarding the impact and
usability of the bhoos app, which effectively promoted
confidence in using protective behaviors related to drinking
among US college students.

The results suggest that bhoos’ features, such as drink tracking
and dynamic feedback, help to encourage responsible drinking
behaviors, including monitoring alcohol intake, planning for
safe transportation after drinking, or seeking help when needed.
The ability to provide personalized, real-time feedback increases
the relevance of the app to the individual needs and experiences
of its users. By offering recommendations based on the user’s
drinking patterns and risk factors, bhoos may engage users more
effectively than a generic one-size-fits-all program which
enhances the likelihood of behavior change. Moreover, this
more personalized approach to providing risk feedback aligns
with the principles of Motivational Interviewing [38,39] and
follows proven strategies for promoting behavior change
[40-42]. Smartphone app-delivered interventions like bhoos
offer several advantages over traditional approaches, including
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the ability to deliver actionable feedback at critical moments.
Additionally, they provide the potential for widespread
accessibility and scalability. College students, in particular,
maybe the most receptive to mobile apps for obtaining
information and support for health-related decisions, given their
high smartphone use [16]. The ease of dissemination and the
low cost of smartphone apps make them a practical option for
broad implementation on college campuses.

Limitations and Future Directions
The findings from our studies should be considered in light of
several limitations. First, the reliance on infrequent and static
measures of drinking behaviors introduces the possibility of
recall bias. Moreover, the primary outcomes of both studies
reflected students’ confidence in using various protective
behaviors while drinking and not the actual behaviors they
engaged in. Future research could benefit from incorporating
more ecologically valid approaches, such as ecological
momentary assessment, perhaps administered within the app,
to assess for actual protective behaviors related to drinking
while limiting recall bias. Additionally, the pre-post design of
our study limits our ability to evaluate the efficacy of bhoos,
which could be better assessed through a randomized controlled
trial. The short time frame between baseline and postassessment
(4 weeks) restricts our understanding of the long-term

sustainability of the app’s effects. Future studies should explore
the app’s impact over longer periods, such as a full college
semester. Moreover, a large percentage of students in both
studies were White and female which may limit the
generalizability of our findings to minorities and men. Finally,
the tragic shooting that occurred on university grounds may
have influenced students’ drinking behaviors in study 2,
although the extent of this impact is unclear. Future studies
should examine how such events, and events more broadly (eg,
political elections, performance of University athletic teams),
affect student drinking behaviors.

General Conclusion
In summary, preliminary findings across 2 studies indicate that
bhoos shows strong potential as a tool for promoting protective
behaviors related to alcohol use among college students. While
these studies help advance highly accessible and scalable
approaches to address the consequences of binge drinking by
US college students, further research is needed to fully
understand the app’s role in comprehensive alcohol harm
reduction efforts within this population. Its personalized
approach, combined with its accessibility and scalability,
suggests that bhoos could be a valuable addition to the range
of interventions available to address alcohol-related issues on
campuses.
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Abstract

Background: Artificial intelligence (AI) chatbots have been customized to deliver on-demand support for people with mental
health problems. However, the effectiveness of AI chatbots in tackling mental health problems among the general public in Hong
Kong remains unclear.

Objective: This study aimed to develop a local AI chatbot and compare the effectiveness of the AI chatbot with a conventional
nurse hotline in reducing the level of anxiety and depression among individuals in Hong Kong.

Methods: This study was a pilot randomized controlled trial conducted from October 2022 to March 2023, involving 124
participants allocated randomly (1:1 ratio) into the AI chatbot and nurse hotline groups. Among these, 62 participants in the AI
chatbot group and 41 in the nurse hotline group completed both the pre- and postquestionnaires, including the GAD-7 (Generalized
Anxiety Disorder Scale-7), PHQ-9 (Patient Health Questionnaire-9), and satisfaction questionnaire. Comparisons were conducted

using independent and paired sample t tests (2-tailed) and the χ2 test to analyze changes in anxiety and depression levels.

Results: Compared to the mean baseline score of 5.13 (SD 4.623), the mean postdepression score in the chatbot group was 3.68
(SD 4.397), which was significantly lower (P=.008). Similarly, a reduced anxiety score was also observed after the chatbot test
(pre vs post: mean 4.74, SD 4.742 vs mean 3.4, SD 3.748; P=.005), respectively. No significant differences were found in the
pre-post scores for either depression (P=.38) or anxiety (P=.19). No statistically significant difference was observed in service
satisfaction between the two platforms (P=.32).

Conclusions: The AI chatbot was comparable to the traditional nurse hotline in alleviating participants’ anxiety and depression
after responding to inquiries. Moreover, the AI chatbot has shown potential in alleviating short-term anxiety and depression
compared to the nurse hotline. While the AI chatbot presents a promising solution for offering accessible strategies to the public,
more extensive randomized controlled studies are necessary to further validate its effectiveness.

Trial Registration: ClinicalTrials.gov NCT06621134; https://clinicaltrials.gov/study/NCT06621134

(JMIR Hum Factors 2025;12:e65785)   doi:10.2196/65785
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Introduction

An estimated 1 in 7 people in Hong Kong experience a common
mental disorder in their lifetime, with anxiety and depression
being the two most common mental health issues in Hong Kong,
accounting for 19% and 14% among the generation population,
respectively [1,2]. Nearly three-quarters of individuals
experiencing a mental health disorder do not seek professional
help for various reasons such as high cost of services, fear of
judgment, or stigma [3]. To address these potential problems,
artificial intelligence (AI) chatbots have been incorporated into
digital interventions, particularly web- and smartphone-based
apps, to enhance user experience and optimize individualized
mental health [4,5]. Chatbots can provide a safe and confidential
space for people to seek help for their mental health concerns.
Additionally, they are available at any time throughout a study,
making them a convenient option for those who may lack access
to traditional mental health services or require support beyond
regular business hours. Further efforts toward strengthening
implementation of chatbots are needed, and their application to
the general public should be explored to improve perceptions
of general mental health and increase awareness of the
importance of premedical interventions in the future [6].

Chatbot models have been developed in various countries and
are widely used in psychology and clinical practice. For
example, Tess, a psychological AI service, has been tailored to
provide immediate assistance to caregiving specialists,
individuals receiving care, and family caregivers within a
nonprofit organization in the United States and Canada [7].
Among university students, chatbot applications have showed
a significant decrease in anxiety symptoms [8]. Anna, an
AI-driven chatbot, simulates the function of a therapist and
offers gamified versions of evidence-based activities drawn
from various therapeutic approaches. Participants who engaged
in activities facilitated by Anna provided more detailed
responses containing a higher number of positive relational
terms [9]. A review of users’opinions, satisfaction, and attitudes
regarding depression and anxiety chatbot apps found that users
felt supported and confident while they used apps that were
easy to navigate, affordable, and free of cost [10]. In Hong
Kong, the first AI-driven Cantonese psychological support tool,
the Pai.ACT mobile app, was developed for parents of children
with special education needs [11]. However, there is currently
a lack of evidence on the effectiveness of AI chatbots in tackling
mental health problems in the general public.

Given the risk of anxiety and depression in Hong Kong and the
limited availability of mental health services during the
epidemic, this study aimed to compare the effectiveness of the
developed AI chatbot with that of a conventional nurse hotline
in alleviating psychological anxiety and depression in the
general public. Additionally, this study also aimed to understand
user satisfaction with chatbot usage and gather preliminary data
for larger randomized controlled trials to advocate for the AI
chatbot as a psychological support tool for individuals seeking
information on the chatbot platform.

Methods

Recruitment
This study was designed as a randomized controlled trial (RCT)
with two parallel groups. Participants were parents recruited
through two school principal’s networks. The inclusion criteria
included (1) being able to use smartphones proficiently to
interact with the AI chatbot, (2) being fluent in Chinese language
used in the study to effectively communicate with the AI
chatbot, and (3) providing an electronic consent form. Parents
who were unwilling or unable to commit to the entire research
process and had difficulties in reading and understanding
Chinese were excluded. Invitation letters were sent to
kindergarten and primary school principal groups from chief
schools, and 124 parents responded to this study and provided
an electronic consent form. Participants were then randomly
allocated in a 1:1 ratio to either the AI chatbot or the nurse
hotline group using block randomization with blocks of four.
Participants immediately filled out the posttest questionnaires
after communicating with the AI chatbot or nurse. Those who
did not respond immediately received reminders until they
completed the posttest questionnaires. Participants with risky
mental health problems were followed up by phone calls and
were encouraged to ask to connect with necessary medical
services and mental health clinical departments.

Ethical Considerations
This study was approved by the Institutional Review Board of
the University of Hong Kong/Hospital Authority Hong Kong
West (approval number: UW21-344). Informed consent was
obtained from all participants in the study, ensuring that they
were fully aware of the nature and possible consequences of
their participation. Participants were informed that they had the
right to opt out at any time without penalty. The original consent
and approval covers secondary analysis without additional
consent. Data collected from participants were deindentified to
ensure privacy and confidentiality. Identifying information,
including names, initials, or hospital numbers, was removed
from all datasets to protect participant identities. Participation
was voluntary, and individuals were informed that no financial
or material incentives would be provided. Consolidated
Standards of Reporting Trials (CONSORT) reporting guideline
was adhered to in this study [12].

AI Chatbot Development Procedures
The development of the AI chatbot involved 7 key steps. First,
the developer analyzed requirements by understanding common
queries and focusing on providing accurate information to the
public and assisting nurses. Relevant data was then collected
from credible sources, and natural language processing (NLP)
algorithms were used to train a robust model on diverse
questions and answers. By integrating large language models,
the chatbot could provide detailed responses. Next, the developer
designed and developed the backend infrastructure, including
databases, application programming interfaces, and integration
with University of Hong Kong’s website and WhatsApp.
Extensive testing and validation ensured the chatbot’s accuracy
and user-friendliness, with a beta version tested by selected
users. Finally, the chatbot was deployed on University of Hong
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Kong’s website and made accessible through WhatsApp, with
a nurse hotline version developed to assist health care
professionals in handling public inquiries.

The AI chatbot system comprises several essential components
to provide accurate and relevant information. It begins with
context identification, where the chatbot analyzes keywords
and phrases to understand the user’s query, ensuring accurate
interpretation and relevant response. Next, the system conducts
query analysis using NLP techniques to determine the user’s
intent and extract specific details such as dates, locations, and
vaccination information. The query response system then
leverages the trained NLP model and large language
model–generated responses to provide accurate and contextually
appropriate answers tailored to users’needs. Finally, the chatbot
relies on a regularly updated and comprehensive dataset
containing the latest information on COVID-19 vaccinations,
government regulations, and health care procedures, ensuring
the delivery of reliable and accurate responses.

Questionnaires
The Patient Health Questionnaire-9 (PHQ-9) is a self-assessment
tool consisting of 9 questions that measure the frequency and
severity of depressive symptoms over the last 2 weeks. Each
question is derived from the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition (DSM-IV) criteria and is
rated on a scale of 0 (not at all) to 3 (almost daily) [13]. The
Generalized Anxiety Disorder Scale-7 (GAD-7) is a 7-item
self-report scale that evaluates the frequency and severity of
anxious thoughts and behaviors during the last 2 weeks. Items
are based on the diagnostic criteria of the DSM-IV and scored
from 0 (not at all) to 3 (nearly every day) [14]. The service
satisfaction survey is a 3-item questionnaire for participants to
report their degree of satisfaction after using the two platforms.
The rating score ranges from 0 to 10, representing an increasing
satisfaction from not at all likely to extremely likely. Based on

the standardized cutoff that determines the severity of anxiety
and depression, participants were divided into two groups: the
no-risk group (total score<4) and the risk group (total score>4)
[15].

Statistical Analysis
Quantitative variables were tested for normal distribution using
the Kolmogorov-Smirnov test. Normally distributed continuous
variables were expressed as mean (SD) and categorical variables
were expressed as numbers and percentages. A per-protocol
analysis was performed for all outcomes when comparing the
2 groups. The independent t test (2-tailed) was employed to
compare the preanxiety or predepression, postanxiety or
postdepression, pre-post difference scores, and service
satisfaction between the AI chatbot and nurse hotline groups,
respectively. The paired t test (2-tailed) was used to compare
scores before and after group chat. Linear regression was
conducted to analyze the difference in posttest scores between
the AI chatbot and nurse hotline groups adjusted by pretest

scores. Categorical variables were compared with the χ2 test.
All analyses were conducted using SPSS software (version 29.0;
IBM Corp).

Results

From October 2022 to March 2023, all the participants (N=124)
answered prequestionnaires, and 62 (62/62, 100%) participants
in the AI chatbot group and 41 (41/62, 66.1%) in the nurse
hotline group completed both the pre- and postquestionnaires
(Figure 1). Comparisons within groups before and after the test
are displayed in Table 1 and Figure 2. Compared to the mean
baseline score of 5.13 (SD 4.623), the mean postdepression
score 3.68 (SD 4.397) was significantly lower in the chatbot
group (P=.008). Similarly, a reduction in anxiety score was also
observed after using the chatbot test (pre vs post: mean 4.74,
SD 4.742 vs mean 3.4, SD 3.748; P=.005).
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Figure 1. Diagram of the study design. AI: artificial intelligence. PHQ-9: Patient Health Questionnaire-9; GAD-7: Generalized Anxiety Disorder
Scale-7.

Table . Comparison of the anxiety and depression scores within groups before and after the test.

P valuePosttest score, mean (SD)Pretest score, mean (SD)Questionnaires and groups (N=124)a

PHQ-9b

.0083.68 (4.397)5.13 (4.632)AIc chatbot (n=62)

.284.76 (4.346)5.46 (6.4)Nurse hotline (n=41)

GAD-7d

.0053.4 (3.748)4.74 (4.742)AI chatbot (n=62)

.634.05 (4.455)4.37 (5.439)Nurse hotline (n=41)

an=21 participants were lost to follow up.
bPHQ-9: Patient Health Questionnaire-9.
cAI: artificial intelligence.
dGAD-7: Generalized Anxiety Disorder Scale-7.
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Figure 2. Comparison of anxiety and depression scores within groups pre- and postintervention. GAD-7: Generalized Anxiety Disorder Scale-7; PHQ-9:
Patient Health Questionnaire-9; ns: nonsignificant. **P<.05.

Table 2 shows there were no statistically significant differences
at baseline between groups in depression (P=.76) and anxiety
scores (P=.71). Although the postdepression and postanxiety
scores in the chatbot group were slightly lower than those in
the nurse hotline group, there was no statistical difference (all

Ps>.05). No statistically significant difference was observed in
service satisfaction between the 2 service platforms (P=.32). In
the nurse hotline group, there were no notable differences in
depression and anxiety scores before and after the test.

Table . Comparison of the before and after PHQ-9a, GAD-7b, and service satisfaction scores between the AI chatbot and nurse hotline groups.

P valuecNurse hotline scores (n=41), mean
(SD)

AI chatbot scores (n=62), mean
(SD)

Variables

.765.46 (6.4)5.13 (4.63)Pre–PHQ-9

.434.76 (4.35)3.68 (4.40)Post–PHQ-9

.714.37 (5.44)4.74 (4.74)Pre–GAD-7

.224.05 (4.46)3.40 (3.75)Post–GAD-7

.3217.39 (5.59)16.11 (6.88)Service satisfaction

a PHQ-9: Patient Health Questionnaire-9.
bGAD-7: Generalized Anxiety Disorder Scale-7.
cIndependent t test.

No significant variations were observed in the pre-post score
differences for either depression (P=.38) or anxiety scores
(P=.19) between the 2 groups (Table 3).

Table . Comparison of the pre-post anxiety and depression score differences between the artificial intelligence (AI) chatbot and nurse hotline groups.

GroupsVariables

P valueNurse hotline (n=41), mean (SD)AI chatbot (n=62), mean (SD)

Pre-post differences

.38−0.707 (4.161)−1.452 (4.203)PHQ-9a

.19−0.317 (4.15)−1.339 (3.635)GAD-7b

aPHQ-9: Patient Health Questionnaire-9.
bGAD-7: Generalized Anxiety Disorder Scale-7.
cIndependent t-test was used to calculate P value.
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The various test groups were not associated with the
postdepression score (β=−.902, P=.18) or the postanxiety score

(β=−.845, P=.17), after adjusting the prescores (Table 4).

Table . Regression analysis on the posttest score between the artificial intelligence chatbot and nurse hotline adjusted by pretest score (n=103).

P valuet test (df=100)Standard errorβ estimateQuestionnaires and groups

Post–PHQ-9a (ref: nurse group)

<.0018.5910.06150.528Pre–PHQ-9

.18−1.3420.6720−0.902Chatbot

Post–GAD-7b (ref: nurse group)

.0018.7870.06040.531Pre–GAD-7

.17−1.3750.6148−0.845Chatbot

aPHQ-9: Patient Health Questionnaire-9.
bGAD-7: Generalized Anxiety Disorder Scale-7.

Based on the PHQ-9 and GAD-7 cutoff, the pre- and postscores
were categorized into no-risk group and risk groups. No
significant differences were observed in the prevalence of

anxiety and depression before and after using the nurse hotline
or AI chatbot (Table 5).

Table . Comparison of the anxiety and depression prevalence before and after using the nurse hotline and artificial intelligence (AI) chatbot among
participants.

P valueRisk group (score>4), n (%)No-risk group (score≤4), n (%)Groups

Pre–PHQ-9a

.2014 (34.1)27 (65.9)Nurse hotline (n=41)

29 (46.8)33 (53.2)AI chatbot (n=62)

Post–PHQ-9a

.3315 (36.6)26 (63.4)Nurse hotline (n=41)

17 (27.4)45 (72.6)AI chatbot (n=62)

Pre–GAD-7b

.3414 (34.1)27 (65.9)Nurse hotline

27 (43.5)35 (56.5)AI chatbot

Post–GAD-7b

.4714 (34.1)27 (65.9)Nurse hotline

17 (27.4)45 (72.6)AI chatbot

aPHQ-9: Patient Health Questionnaire-9.
bGAD-7: Generalized Anxiety Disorder Scale-7.

Discussion

Principal Results
This study is among the first in Hong Kong to compare the
effectiveness of AI chatbots and nursing hotlines in addressing
mental health–related inquiries. The AI chatbot proved effective
in reducing anxiety and depression during the COVID-19
outbreak and was comparable to the conventional nursing
hotline. It suggests the potential use of AI chatbots as a
complementary approach in mental health interventions,
particularly when AI chatbots can provide timelier and
uninterrupted 24-hour support to users in need during the
challenging periods such as a pandemic.

Previous research comparing the effectiveness of the AI chatbot
and humans in improving mental health is controversial. Our
study found that both the AI chatbot and nurse hotline had
similar effects in alleviating depression and anxiety. The results
are consistent with another study comparing the text-only
chatbot and voice-based digital human interactions as responders
to mental health questions, which reported that the text-only
chatbot was more user-friendly, although there were no
significant differences in electroencephalography measurements
[16]. No differences were observed in another RCT comparing
the effects of AI chatbot (ie, ChatGPT-3.5) and nurse education
on preoperative anxiety reduction among groups [17]. However,
one study comparing physician and AI chatbot responses to
patient questions posted on a public social media forum found
that the chatbot generated higher quality and empathetic

JMIR Hum Factors 2025 | vol. 12 | e65785 | p.1262https://humanfactors.jmir.org/2025/1/e65785
(page number not for citation purposes)

Chen et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


responses to patient questions than physicians [18]. Additionally,
the follow up process took less time for the nurse hotline group
compared to the chatbot group. This was primarily because
participants in the nurse hotline group were quicker in
responding to follow up questionnaires while the chatbot group
typically required more than one attempt to gather responses.
It is feasible to use the AI chatbots to provide instant information
to users about mental health knowledge and basic strategies to
dissipate their temporary anxiety and depressed mood. However,
the AI chatbot can only be a facilitator, and humans will not be
replaced in the long-term professional treatment. The sample
size in the above-mentioned studies is very small, which may
have limited the power of statistical analysis. Therefore, more
RCTs with larger sample sizes are necessary to confirm
differences between the AI chatbot and human-based services.

Our study showed a significant reduction in the levels of anxiety
and depression after using the AI chatbot. This finding is
supported by a study from Argentina, which showed a
substantial decrease in anxiety symptoms in university students
using Tess [8]. Another study reported that the use of the Elomia
chatbot for 4 weeks resulted in a significant decrease in the
symptoms of anxiety and depression along with reduced
negative effects [19]. AI chatbots can offer information to users
in a quick and easy format. They can also be programmed to
answer specific questions about a certain condition, such as
what to do during a medical crisis or what to expect during a
medical procedure. The AI chatbot could lower the barriers to
care by helping patients access help more quickly and efficiently
[20]. AI chatbots appear to have a positive impact on depression
and anxiety in a wide range of populations, including university
students [8], short-course treatment patients [21], and
preoperative patients [17]. The potential benefit of
chatbot–assisted mental health support is that it can provide
helpful information about depressive moods, especially for users
who have difficulty in communicating emotions to other humans
[22]. Besides, the chatbot offers real-time relief, emotional
support, and instant messages on basic knowledge about
health-related questions. AI chatbots can help reduce anxiety
and depression by providing accessible, anonymous, consistent,
and immediate emotional support. They serve as a valuable
supplement to conventional therapy and mental health care,
offering users a safe space to express their feelings and find
effective coping strategies.

Our study differs from previous ones by addressing a research
gap in the broader population. Earlier studies primarily
concentrated on specific groups, such as college students aged
18-33 [8], younger individuals aged 19-23 [19], and older adults
aged 60 years [17]. The sample size in our study (N=124) aligns
with past studies, which typically included approximately 100
participants. A study with a larger sample size of 412 younger
participants [19] also found AI chatbots to be effective in
alleviating anxiety and depression symptoms. Notably, our study
was conducted during the COVID-19 pandemic, unlike previous
studies, which were conducted under normal circumstances.
Hence, additional research is necessary to understand the
efficacy and impact of AI chatbots across different age groups,
demographics, and environmental contexts.

Our study was carried out during the COVID-19 outbreak,
revealing that AI chatbot interventions are versatile and can be
applied in various situations, such as during future pandemics
or for disseminating information to prevent other diseases. There
is great potential in AI chatbot designing and application during
an epidemic like COVID-19 [23]; AI chatbots not only help in
reducing depression and anxiety at any given time but also can
be embedded into the health care systems, to help patients
describe their symptoms and provide preliminary guidance on
whether they need to seek medical attention [24]. This can assist
in triaging patients based on the severity of their symptoms.
They can help patients book appointments with health care
providers, reducing the burden on administrative staff. AI
Chatbots can send reminders to patients to take their medications
on time, improving medication adherence [24]. They can provide
ongoing emotional support and coping strategies for individuals
dealing with mental health issues like anxiety, depression, and
stress. This can complement traditional therapy and make mental
health care more accessible. Chatbots can also deliver
personalized health education to patients, helping them
understand their conditions, treatment options, and preventive
measures.

The findings of this study comparing AI chatbots and nurse
hotlines in alleviating the levels of anxiety and depression during
the COVID-19 pandemic can be generalized to a certain extent,
given that the general population was the target group. This
broad target population ensures that the results are applicable
to a wide range of individuals who may have experienced similar
mental health challenges during the pandemic. However, the
generalizability may be limited by factors such as the specific
characteristics of the sample used in the study, including their
demographics and the severity of their anxiety and depression
symptoms. Additionally, the dynamic nature of AI chatbots,
which can be influenced by various factors such as the phrasing
of questions and ongoing optimization processes, may also
affect the generalizability of the results. The study’s design and
methodology provide a solid foundation for replicability. The
use of an RCT framework, which is a robust design for
evaluating interventions, increases the likelihood that similar
studies can be conducted with comparable results. The clear
documentation of the study’s procedures, including the
recruitment process, data collection methods, and statistical
analysis techniques facilitates replication by other researchers.
Furthermore, the study’s focus on a common and significant
issue—mental health during a pandemic—ensures that there is
a continued interest and relevance in conducting similar studies.
However, replicability may be challenged by the need for access
to similar populations and resources, as well as the evolving
nature of AI chatbot technology, which may require adaptation
of the intervention for future studies.

Although AI chatbots have a potential complementary function
in mental health and health-related fields, certain drawbacks
must be considered. For example, the safety and privacy
concerns remain unclear [25]. Chatbots are unable to deliver
the emotional support and personal bond that a certified mental
health expert may provide. They cannot deliver a diagnosis or
management strategy for mental health disorders. Therefore, it
is crucial to use AI chatbots as a complement to, rather than a
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substitute for, specialized mental health services. Moreover,
further refinement to the AI chatbot is necessary for establishing
an integrated system for recognition-alert-reporting system for
mental health problems. After early detection and identification
of depression and anxiety, the AI chatbot should be designed
to automatically send self-regulation advice to the users to
handle their negative emotions as well as send reminder
messages to encourage them to seek medical services.
Additionally, the question coverage of the AI chatbot is limited;
it covers common mental health–related questions that may
overlook the scope of other health problems. The scope of the
population using chatbots should be expanded among the public.
Further studies are required to draw solid conclusions about the
effectiveness and safety of chatbots.

Limitations
One of the limitations of our study is the small sample size.
Toward the end of the COVID-19 outbreak, there was a notable
lack of enthusiasm among parents to participate in this study.
Only two school principal groups were involved, which may
have introduced a selection bias. Additionally, the study period

was too short to recruit sufficient participants; however, the
preliminary results showed a significant reduction in anxiety
and depression after using the AI chatbot, supporting the
applicability of using AI chatbots to relieve negative emotions
during the next epidemic crisis. Demographic data and other
confounding factors were not collected due to privacy concerns;
these factors will be included in the following larger randomized
control study.

Conclusions
The AI chatbot is as effective as the nurse hotline in answering
mental health–related questions. Besides, the AI chatbot can
reduce short-term anxiety and depression levels compared to
the nurse hotline. The developed AI chatbot shows promise as
a complementary tool to provide available intervention strategies
to the public, particularly for families with limited access to
mental health services. This study provides insights into the
potential application of using AI chatbots to provide immediate
information to the public and mitigate public emotional distress
during future epidemic emergencies.
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Abstract

Background: Hybrid work is the new modus operandi for many office workers, leading to more sedentary behavior than
office-only working. Given the potential of digital interventions to reduce sedentary behavior and the current lack of studies
evaluating these interventions for home office settings, it is crucial to develop digital interventions for such contexts involving
all stakeholders.

Objective: This study aimed to reach expert consensus on the most feasible work strategies and the most usable digital elements
as a delivery method to reduce sedentary behavior in the home office context.

Methods: A modified Delphi study including 3 survey rounds and focus groups was conducted to achieve consensus. The first
Delphi round consisted of two 9-point Likert scales for assessing the feasibility of work strategies and the potential usefulness
of digital elements to deliver the strategies. The work strategies were identified and selected from a scoping review, a systematic
review, and 2 qualitative studies involving managers and employees. The median and mean absolute deviation from the median
for each item are reported. The second round involved 2 ranking lists with the highly feasible strategies and highly useful digital
elements based on round 1 responses to order the list according to experts’ preferences. The weighted average ranking for each
item was calculated to determine the most highly ranked work strategies and digital elements. The third round encompassed work
strategies with a weight above the median from round 2 to be matched with the most useful digital elements to implement each
strategy. In total, 4 focus groups were additionally conducted to gain a greater understanding of the findings from the Delphi
phase. Focus groups were analyzed using the principles of reflexive thematic analysis.

Results: A total of 27 international experts in the field of occupational health participated in the first round, with response rates
of 86% (25/29) and 66% (19/29) in rounds 2 and 3, respectively, and 52% (15/29) in the focus groups. Consensus was achieved
on 18 work strategies and 16 digital elements. Feedback on activity progress and goal achievement; creating an action plan; and
standing while reading, answering phone calls, or conducting videoconferences were the most feasible work strategies, whereas
wrist-based activity trackers, a combination of media, and app interfaces in smartphones were the most useful digital elements.
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Moreover, experts highlighted the requirement of combining multiple levels of strategies, such as social support, physical
environment, and individual strategies, to enhance their implementation and effectiveness in reducing sedentary behavior when
working from home.

Conclusions: This expert consensus provided a foundation for developing digital interventions for sedentary behavior in home
office workers. Ongoing interventions should enable the evaluation of feasible strategies delivered via useful digital elements in
home office or hybrid contexts.

(JMIR Hum Factors 2025;12:e59405)   doi:10.2196/59405

KEYWORDS

sedentary behavior; office work; home office; hybrid work; technology; Delphi

Introduction

Background
Workplace sedentary behavior (SB) is associated with poorer
health and work-related outcomes, such as musculoskeletal
disorders, reduced mental and occupational well-being, job
dissatisfaction, and fatigue [1-4]. According to the World Health
Organization, the workplace is one of the main settings to reduce
SB in the adult population [5], with office workers, who spend
an average of 77% of their working day sitting [6], being a key
target group [7]. After the COVID-19 pandemic, hybrid work,
alternating work in the office and at home, has become the new
work paradigm for many desk-based jobs [8-10]. Hybrid work
results in even higher levels of SB than working solely in the
office [11], increasing the risk of musculoskeletal health
problems, mental health issues, and reduced work productivity
[11,12].

Developing strategies to reduce and break up workplace SB,
replacing it with activities other than sitting, such as walking
or standing, has been the focus of recent studies [13,14]. In
particular, the use of digital strategies in desk-based jobs (eg,
delivered via mobile phone, activity tracker, or desktop
computer) has the potential to provide scheduled prompts,
deliver information, give automated tailored feedback, and
mediate organizational support and social influences [15].
Recent evidence has highlighted the capability of digital
interventions to reduce workplace SB and its associated harmful
effects on health and work-related outcomes among office
workers [16-18]. However, this research has focused on the
traditional office environment, with a dearth of research
available on the use of digital interventions to reduce of
employees’ SB while working remotely or undertaking hybrid
work [19,20].

Multicomponent digital interventions that combine
environmental and organizational changes and provision of
information and counseling have been reported as more effective
than single-component interventions in reducing occupational
SB among office workers [16,21]. In addition, the grounding
of interventions in a theory of behavior change is key in the
success and behavior maintenance of multicomponent
interventions [22-24]. Given the limited evidence base on the
effectiveness of interventions targeting hybrid work, it is crucial
to develop multicomponent digital interventions grounded in
sound theory of behavior change to reduce occupational SB
among home office workers.

Objectives
To contribute to a successful implementation of an intervention
and, thereby, to its effectiveness, involving stakeholders such
as researchers, experts in the addressed topic, and the target
population in the development of interventions is necessary to
identify needs, priorities, and potential solutions [25]. A previous
qualitative study identified which factors influenced employees’
ability to reduce SB when working from home from the
employers’perspective, whereas additional qualitative evidence
identified the factors influencing the reduction in SB from the
employees’ perspective [26]. This study aimed to go beyond
the existing research gaps to incorporate expert opinions to gain
a complete picture of all stakeholders and reach consensus on
the feasibility of digital work strategies to reduce SB in a home
office context. Therefore, the aim of this study was to reach
expert consensus on the most feasible and usable digital work
strategies as a delivery method to reduce SB in a home office
context.

Methods

Design
A modified Delphi study was used to elicit a consensus from a
spectrum of experts in the field of occupational health. It is a
flexible approach combining quantitative and qualitative data.
Qualitative data can be collected before, after, or between Delphi
rounds [27,28]. This study encompassed 3 survey rounds and
subsequent web-based focus group sessions. This study is part
of the initial modeling of a multicomponent intervention and
of a larger European project (ie, the Click2Move program)
aimed at tackling the challenge of occupational sedentarism in
hybrid office workers.

This study was based on the recommendations of the Conducting
and Reporting Delphi Studies guidelines [29] and the COREQ
(Consolidated Criteria for Reporting Qualitative Research)
checklist [30].

Ethical Considerations
This project was approved by the Research Ethics Committee
of the University of Vic–Central University of Catalonia
(250/2023). This study was conducted in accordance with
relevant guidelines and regulations. The invitation email
contained general information about the study and a link with
further details of the participant information statement, including
assurances of anonymity and confidentiality and emphasizing
that participation was completely voluntary and participants
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could withdraw at any time without any consequences. In
compliance with ethical research practices, digital informed
consent was obtained from all participants before initiating the
survey. No incentives were provided to the participants for their
involvement.

Participants and Recruitment
International experts (N=57) identified as leading or established
researchers in the field of occupational health (with a specific
focus on modification of physical activity [PA] behavior in the
workplace), well-being, or computer- or desk-based jobs
specialists identified by the research team were invited via email
to participate. The experts were selected through a search of
published articles that identified highly active authors in the
field, whereas the job specialists were identified from
professional networks of the involved institutions. The exclusion
criterion was not being able to understand and communicate in
English.

To maximize participation in the Delphi survey, a reminder
email was sent within 1 week. After completing the 3 Delphi
rounds, participants who signed the informed consent form for

the Delphi study (29/57, 51%) were invited via email to
participate in a focus group.

Procedure

Delphi Survey

Overview

In total, 3 survey rounds were conducted using the LimeSurvey
software (LimeSurvey GmbH; Multimedia Appendix 1), which
were piloted by 4 members of the research team to ensure the
appropriateness of the questionnaire items, wording, and
functionality and identify any issues or gaps. No changes in
wording were made to the Delphi surveys. If participants agreed
to take part, they received an automatic email with the link to
the first survey. Participants had 10 days to complete each round
of the survey. Individual responses were anonymized, and all
participants were invited to complete the second and third rounds
of the survey regardless of their participation status in the
previous rounds. Attrition was prevented through a short period
between rounds and by providing feedback on study findings. A
summary of the entire Delphi process is provided in Figure 1.
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Figure 1. Delphi process. BIT: behavioral intervention technology.

Round 1

Round 1 was carried out between January 13 and 23, 2023.
Participants were provided with an explanation of the survey
and were asked to provide demographic information (ie, age,
gender, and employer organization). Two 9-point Likert scales
were used.

The first scale assessed participants’ opinions on the feasibility
of work strategies (n=36) for reducing SB when working from
home. The work strategies had been selected from a scoping
review of the vast majority of real-life PA strategies
implemented [31], a systematic review of effective digital
interventions to reduce SB [21], and 2 qualitative studies that
further explored the perceptions of managers and employees
on the factors influencing the ability of employees to reduce
their SB in a home office context [26]. The strategies were
classified based on the Behavior Change Wheel (ie,
environmental planning and service provision, 9/36, 25% of the
strategies; regulation, guidelines, and restriction, 15/36, 42%

of the strategies; and communication and social support, 12/36,
33% of the strategies) [32].

Participants were invited to score each work strategy. Scores
ranging between 1 and 3 suggested a lack of feasibility, scores
between 4 and 6 suggested neutral feasibility, and scores
between 7 and 9 suggested high feasibility. This scoring was
based on the 9-point Grading of Recommendations Assessment,
Development, and Evaluation methodology [33]. The feasibility
scores considered the 4 dimensions of feasibility: social validity
or acceptability, integration into the existing system, practicality,
and adaptability (Table 1) [34].

The second scale covered the potential usefulness of the
technology-based behavior change elements according to the
behavioral intervention technology (BIT) model (ie, messaging
and social support [n=6 elements], push notifications [n=5
elements], information delivery [n=9 elements], report and
visualization [n=4 elements], digital log [n=3 elements], and
passive data collection [n=7 elements]) [35]. Scoring was based
on the 9-point Grading of Recommendations Assessment,
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Development, and Evaluation scale divided into 3 categories:
not useful (1-3), neutral (4-6), and highly useful (7-9) [33].
Participants were also invited to provide additional items or

observations through an open-ended question for each strategy
or BIT element category.

Table 1. Feasibility dimensions for the strategies and the related research question for each dimension.

Research questionDimension

Is the strategy appropriate, reasonable, fair, and potentially effective for home-based work?Social validity or acceptability

To what extent are the strategies aligned with the infrastructure of home office settings?Integration into the existing system

Can the initiative be implemented using the available resources, time, training, and materials in home-
work offices?

Practicality

Is the initiative flexible enough to fit across the diverse needs of home office work?Adaptability

Round 2

Round 2 started on February 6, 2023, and finished on February
16, 2023. Work strategies from round 1 were ranked based on
the highly feasible scores for work strategies and highly useful
scores for BIT elements. A total of 35 work strategies (rather
than 36) were ranked in round 2 based on recommendations
from round 1 (a similar approach was implemented for work
strategies and BIT elements). In this second round, participants
were asked to place each work strategy in order of preference
considering the most feasible strategies to reduce SB when
working from home. The same procedure was followed for the
BIT elements. Additional items that appeared in the first survey
were scored based on the round 1 approach (ie, the 9-point
Likert scale).

Round 3

Round 3 was launched on February 17, 2023, and could be
answered until February 27, 2023. According to the preferred
order of the items ranked in round 2, participants were asked
to match the most useful BIT elements that could potentially
be used to implement each of the work strategies to reduce SB
when working from home. The work strategies included in this
round were those with a weight above the median.

Focus Groups
To explore in more depth the experts’ opinions and understand
their perspectives, focus groups took place.

Focus groups were conducted in English or Spanish by a
researcher (AC or IP-S) and a moderator (IP-S, JB-R, or
AMS-M) with previous experience facilitating focus groups.
The focus groups were held on the web using Microsoft Teams
in April 2023. The focus groups lasted a total of 60 minutes.
The size of the groups was small (4 participants on average)
due to scheduling difficulties and time zone differences among
countries.

A guide was developed based on the 3 Delphi rounds
(Multimedia Appendix 2). However, the researchers did not
follow it in full detail, using the freedom to explore thoughts
and ideas based on the responses from each group. First, there
was a brief welcome and introduction to explain the aim of the
focus group, obtain consent for the recording of the session,
and introduce each participant. The results of every Delphi
round were then shown. Subsequently, experts were asked about
what factors they thought made some strategies more feasible

than others considering the 4 dimensions (outlined in Table 1)
and what factors may enhance participation among the BIT
elements. The last element of the focus group covered the need
for any adaptation before the implementation of the strategies
in the hybrid work model. The focus groups were recorded,
transcribed verbatim, and translated into English if necessary
to be analyzed later.

Data Management and Analysis
Study uptake was calculated as the proportion of participants
who accessed the round 1 Delphi survey to that of all potential
participants identified. Retention rate referred to the proportion
of completed responses for each round and participation in the
focus groups. In round 1, responses to the Likert scale in the
highly feasible or highly useful category (score from 7 to 9)
were calculated. The median and mean absolute deviation from
the median (MAD-M) for each item were also reported to assess
the strength and extent of agreement. Medians of 7 to 9 were
defined as strong support, medians of 4 to 6 were defined as
moderate support, and medians of 1 to 3 were defined as no
support. The MAD-M describes the variation in the median
values [36]. In round 2, we calculated the weighted average
ranking for each item to determine the most highly ranked work
strategies and BIT elements for reducing SB among home office
workers. The respondents’most preferred choice had the largest
weight, and the least preferred choice had a weight of 1. For
achieving consensus, the order-weighted average process was
followed through the aggregation of the strategies evaluated in
the previous round to be validated in round 2 [37]. Items that
achieved consensus were those that were ranked with a weighted
average above the median. The additional items that emerged
from round 1 were assessed through a 9-point Likert scale in
round 2, and the median and MAD-M were calculated. In round
3, the matched items for each work strategy and BIT element
were reported, as well as the percentage of respondents.

The focus group analysis was conducted using the principles
of reflexive thematic analysis [38,39]. First, a researcher (IPS)
familiarized themselves with the data, reading and rereading
carefully each transcript to obtain a general impression of the
main opinion of the experts and identify repeated concepts.
Subsequently, according to the subjectivity of the researcher,
an initial open coding process was generated from interesting
features and relevant data searching for evidence for themes,
namely, patterns of shared meaning underpinned by a central
organizing concept. Reflexive thematic analysis was approached

JMIR Hum Factors 2025 | vol. 12 | e59405 | p.1271https://humanfactors.jmir.org/2025/1/e59405
(page number not for citation purposes)

Parés-Salomón et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


in an inductive, semantic, and realistic way. In other words, the
construction of codes and themes was directed by the content
of the data but not by a topic summary. Codes, concepts, and
the core category were recoded and relabeled if necessary after
each step until the codes provided the intended depth of the
insights. The analytic outputs obtained from the codes and
through the active engagement of the researcher with their data
were then conceptualized in potential themes and subthemes.
Finally, the themes were reviewed, defined, and named. At the
end of each step, data were shared with an experienced
supervisor (CV-C) for reflecting on how the data were initially
coded and consider things that might have been overlooked.
MAXQDA 2022 (VERBI GmbH) was used for the analysis.

To ensure a robust analytical process, we considered key aspects
of quality and rigor. The first aspect was reflexivity, which
involves critical reflection of researcher perspectives and its
integration within the analysis and interpretation of the data to
develop themes [40]. The study team comprised researchers
with expertise in PA and SB in the workplace who have
experienced working from home since before or after COVID-19
pandemic. IP-S, who carried out the analysis, is a Spanish
physiotherapist and osteopath PhD student who has been
working from home for 3 years; CV-C, the supervisor during
the analysis, is an experienced nutritionist with a background
in health promotion and qualitative research who has been
working from home since the COVID-19 pandemic. Second,
confirmability, the objectivity of the findings [41], was attained
through a critical friend approach whereby an experienced
supervisor reviewed interpretations and introduced alternative
perspectives, increasing objectivity and confirming the accuracy
of the findings. Third, dependability, the reliability and
consistency of the study [41], was attained through detailed
research procedures (ie, rigorous data collection techniques and
well-documented procedures and analyses). Credibility was
then built on the reflexivity and triangulation of the data,
incorporating more than one researcher in the analysis process
[42]. Furthermore, a critical friend approach was used whereby
an experienced qualitative researcher, CV-C, critically analyzed
the preliminary themes and ensured that the selected quotes
provided support for the themes developed. Finally,
transferability was enhanced through the transparent and detailed
descriptions of the participants and research process [42].

Results

Participant Characteristics
A total of 51% (29/57) of the invited experts expressed their
interest in participating in the study through the digital informed
consent form. Of these 29 participants, 27 (93%) completed the
first round, 25 (86%) completed the second round, and 19 (66%)
completed the third round. Of those 29 participants, 15 (52%)
joined the focus groups.

Most of the first-round Delphi respondents and focus group
participants identified as women (16/27, 59% and 8/15, 53%,
respectively), with 48% (13/27) of first-round respondents aged
between 36 and 45 years.

A wide variety of countries across Europe were represented.
However, non-European countries such as Australia (5/29, 17%
of the participants) were also represented.

Delphi Survey

Feasibility of Work Strategies

Round 1

Multimedia Appendix 3 shows the results of round 1, which
considered the 36 work strategies divided into 3 categories. A
total of 69% (25/36) of the work strategies were ranked as highly
feasible.

In total, 7 environmental planning and service provision work
strategies were rated as highly feasible with strong support.
Activity trackers (20/27, 74%; median 8, MAD-M 1.41);
workstation accessories (19/27, 70%; median 8, MAD-M 1.59);
and relocation of home office supplies such as the bin, printer,
or water source (19/27, 70%; median 8, MAD-M 1.30) were
the 3 work strategies considered as highly feasible for reducing
SB when working from home. Active workstations equipped
with treadmills were reported to be unfeasible (19/27, 70%;
median 2, MAD-M 1.48).

In total, 53% (8/15) of the work strategies regarding guidelines,
regulations, and restrictions were rated as highly feasible with
strong support. Self-monitoring of sedentary and activity
behaviors (20/27, 74%; median 8, MAD-M 1.30), substitution
of sedentary tasks (eg, reading, answering a phone call, or
participating in a videoconference) with standing or incidental
movements (20/27, 74%; median 7, MAD-M 1.37), and creating
an action plan (20/27, 74%; median 7, MAD-M 1.11) were the
most highly useful. The least feasible strategy was the locking
or blocking of the screen or keyboard for specific durations
(11/26, 42%; median 5, MAD-M 2.19).

Regarding the communication and social support work
strategies, feedback on activity progress and achievement of
goals (22/27, 81%; median 7, MAD-M 1.74); providing
information to increase awareness and knowledge (20/27, 74%;
median 8, MAD-M 1.37); and the provision of awards, rewards,
or incentives by the company to achieve goals (19/27, 70%;
median 7, MAD-M 1) were ranked as the most feasible for
reducing SB when working from home. Most of the work
strategies included in this category (10/12, 83%) were rated by
the respondents as highly feasible, and none of them were
considered unfeasible. No new items emerged from open-ended
questions.

Round 2

The ranking list of the work strategies with the weighted average
(range 14.6-0.48) is reported in Table 2. Most items reported
as highly feasible when working from home in round 1 (18/25,
72%) were scored above the median (3.64) in round 2, with the
exception of self-selected reminders (3.24); active breaks such
as stretching, walking, or strengthening exercises (2.36);
real-time records (2.32); high or height-adjustable chairs (1.96);
exercise accessories (1.52); and social networking for sharing
experiences (0.48).
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Table 2. Ranking of highly feasible work strategies (results of round 2).

Weighted average scoreStrategy

14.6Feedback on activity progress and goal achievement

13.04Create an action plan—increase standing breaks or replace sitting time, how long, how often, when, and how (eg, when
the phone rings)

13.04Standing while reading, answering phone calls, or conducting videoconferences

12.88Providing information to increase awareness and knowledge of the dangers associated with prolonged sedentary behavior
and the potential benefits of reducing it or breaking it up

10.76Self-monitoring sedentary and activity behaviors (ie, activity tracker or a diary log)

10.36Short breaks (5-10 min) approximately every 60 min of sitting time

8.6Scheduling (blocking) 5-10–min breaks between meetings on the calendar

8.04Information and support about the strategies and goals and reminders

7.24Setting tailored goals for reducing sitting time

7.12Activity demonstrations to perform during the breaks

6.92Height-adjustable desks or desk platforms

6.8Relocation of home office supplies (eg, bins and printers)

5.76Incidental moving while reading, answering phone calls, or conducting videoconferences

5.48Awards, rewards, or incentives to achieve goals or recommendations

4.6Standing desks

4.4Point-of-choice or point-of-decision prompts

4.24Workstation accessories (seated footrests, standing footrests, or sit-stand antifatigue mats for standing desks)

3.64Motivational messages from managers

3.48Wellness coaches supporting the employees during breaks

3.24Self-selected reminders to achieve goals

3.24Blocking the screen or keyboard for breaking up sitting time unless conducting a meeting

2.52Active workstation with underdesk stepper or pedaling device

2.48Short breaks (5-10 min) approximately every 30 min of sitting time

2.4Team or individual activity challenges

2.36Active breaks, such as stretching, walking, or performing strengthening exercises for ≥10 min

2.32Scheduling (blocking) snack breaks on the calendar

2.32Real-time records or feedback

2.04Active lunchtime, such as Pilates, yoga, walking, or cycling

1.96High chairs or height-adjustable chairs

1.68Social comparison

1.52Exercise accessories, such as rubber bands, wooden sticks, or mats

1.44Active workstation equipped with treadmill

1.36Short breaks (5-10 min) approximately every 40 min of sitting time

0.92Competition among peers

0.48Social networking for sharing experiences

Usefulness of BIT Elements

Round 1

Multimedia Appendix 4 shows the results of round 1 considering
the usefulness of the BIT elements divided into 5 categories.

In total, 33% (2/6) of the BIT elements from the messaging and
social support category were ranked as highly useful with strong
support: social challenge features (20/27, 74%; median 7,
MAD-M 1.22) and gamification (14/26, 54%; median 7,
MAD-M 1.78). None of the messaging and social support items
were considered not useful. Smartphone app and desktop
application interfaces were identified to be the 2 most useful
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BIT elements within the push notification category (12/27, 44%;
median 7; and MAD-M 1.41 for smartphone app interface and
15/27, 56%; median 7; and MAD-M 1.18 for desktop application
interface). The other 3 push notification elements were ranked
as highly useful or neutral with medians between 5 and 6,
indicating moderate support. A combination of different media
was the preferred item in the delivery of information category
(14/24, 58%; median 7, MAD-M 1.71), with the other elements
within the category receiving moderate support and being
considered neutrally or highly useful. A total of 15 new
combined digital items, such as videos and images, moving
images on websites, or reminders combined with social
challenges, emerged from open-ended responses to the
combination of media element in the information delivery
category. Blending was considered more useful than isolated
media. Real-time data (19/27, 70%; median 7, MAD-M 1.48)
and data summaries via the app interface (14/27, 52%; median
7, MAD-M 1.67) were considered the most useful in the report
and visualization category. The 2 remaining items (data
summaries via email or SMS text message and websites) were
ranked as neutral. The 3 most useful BIT elements to track
activity were wrist-based activity trackers (17/26, 65%; median
7, MAD-M 1.69) and using a mobile phone diary (17/27, 63%;
median 7, MAD-M 1.41) or smartphone sensors (13/26, 50%;
median 7, MAD-M 1.61). The only element considered as not
useful to track activity was waist-based activity trackers (10/26,
38%; median 5, MAD-M 1.85).

Round 2

Overall, BIT elements reported as highly useful to support work
strategies were ranked at the top in each category (Table 3). In
the messaging and social support category, items ranked above
the median score (2.52) coincided with highly useful items in
round 1 (ie, social challenge features and gamification), but
chats (eg, WhatsApp groups) were added to the top of the
ranking. SMS text messages were added to the 2 BIT elements
in the push notification category considered as highly useful in
round 1, which were scored above the median (2.00) in round
2. In addition to combination of media, videos, interfaces in
smartphone apps and desktop applications (same as in the push
notification category), images, and websites were among the
items scored above the median (3.24) in the information delivery
category. The new items that emerged from the open-ended
responses in round 1, specifying potential combinations of media
for information delivery described as highly useful, were a
combination of mobile phone apps and desktop applications; a
combination of personalized messages, reminders, and social
challenges; a combination of videos, text, and images within
an interactive website; and a combination of a mobile app with
social media (Table 4). In the report and visualization category,
the 2 items ranked as highly useful in round 1 remained above
the median (2.32) in round 2. The median of the BIT elements
to track activity was 3.56. In round 2, a total of 2 more items
were added as highly useful to the 3 identified in round 1:
leg-based activity tracker and computer software. In total, 17
BIT elements were considered highly useful in round 2.
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Table 3. Ranking of highly usable behavioral intervention technology (BIT) elements (results of round 2).

Weighted average scores (SD)BIT element to communicate information

Messaging and social support

5.16Social challenge features (cooperative activities, eg, reach 10,000 steps among all members of the department)

4.48Gamification features (competition among colleagues)

3.28Chats (eg, WhatsApp groups)

1.76Emails

1.4Calls

1.64Forums

Push notifications

4App interface—text and sound and vibration in smartphones

3.08Application interface—computer screen notification in desktop computers

2SMS text messages

1.64Chats

1.52Emails

Information delivery

7.6Combination of media

6Videos

4.44App interface—smartphones

4.36Images

3.24Application interface—desktops

3.24Websites

3.16Emails

2.36SMS text messages

1.44Audios

Report and visualization

2.96Real-time data via app interface

2.84Data summary via app interface

1.8Data summary via email or SMS text message

1.24Data summary via website

BIT elements to track activity

7.72Mobile phone diary (manual entry)

3.52Web-based questionnaire (manual entry)

1.6Computer software diary (manual entry)

Passive data collection

8.6Wrist-based activity tracker

3.64Leg-based activity tracker

3.6Smartphone sensors

3.6Computer software

3.28Waist-based activity tracker

3.08Electronic workstation

2.04Cushions on chairs
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Table 4. Results for the new items from round 1 scored in round 2—behavioral intervention technology (BIT) elements.

Median

(MAD-Ma)

Level of usefulness, n (%)New BIT element

Highly usefulNeutrally usefulNot useful

Score of
9

Score of
8

Score of
7

Score of
6

Score of
5

Score of
4

Score of
3

Score of
2

Score of
1

6 (1.48)1 (4)6 (26)5 (22)6 (26)0 (0)2 (9)2 (9)1 (4)0 (0)Mixture of videos, information, and im-
ages within an interactive website (n=23)

7 (1.30)2 (9)4 (17)10 (43)1 (4)2 (9)0 (0)3 (13)1 (4)0 (0)App and social media (n=23)

6 (1.17)0 (0)1 (4)12 (52)3 (13)4 (17)1 (4)1 (4)1 (4)0 (0)Videos and images (n=23)

6 (1.48)3 (13)3 (13)2 (9)6 (26)4 (17)1 (4)2 (9)0 (0)0 (0)Audio and video combination with an
explanation (educational purposes; n=23)

5 (1.41)0 (0)1 (5)3 (14)7 (32)4 (18)2 (9)3 (14)1 (5)1 (5)Moving images on a website (n=22)

6.5 (1.39)1 (5)7 (32)6 (27)3 (14)3 (14)0 (0)1 (5)0 (0)1 (5)Smartphone and desktop with website
or app for background information
(n=22)

7 (0.91)5 (23)5 (23)8 (36)3 (14)1 (5)0 (0)0 (0)0 (0)0 (0)Personalized messages and app (n=22)

7 (1.27)3 (14)8 (36)4 (18)4 (18)1 (5)0 (0)2 (9)0 (0)0 (0)Reminders combined with an app (n=22)

7 (1.29)5 (24)6 (29)4 (19)3 (14)2 (10)0 (0)1 (5)0 (0)0 (0)Reminders combined with social chal-
lenges (n=21)

5 (1.67)1 (5)3 (14)2 (10)6 (29)2 (10)5 (24)0 (0)1 (5)1 (5)Forum for general information and
smartphone messages (eg, SMS text
messages) for specific tailored informa-
tion (n=21)

5.5 (1.67)2 (10)4 (19)1 (5)6 (29)4 (19)1 (5)1 (5)1 (5)1 (5)Forum for general information and app
for specific tailored information (n=21)

5 (1.71)0 (0)2 (10)4 (19)5 (24)3 (14)2 (10)2 (10)1 (5)2 (10)Forum for general information and email
for specific tailored information (n=21)

4.5 (1.65)0 (0)3 (13)4 (17)5 (22)3 (13)4 (17)3 (13)1 (4)0 (0)Website for general information and
smartphone messages (eg, SMS text
messages) for specific tailored informa-
tion (n=23)

4.5 (1.52)1 (4)1 (4)3 (13)5 (22)5 (22)4 (17)2 (9)2 (9)0 (0)Website for general information and
email for specific tailored information
(n=23)

5 (1.43)1 (4)3 (13)3 (13)6 (26)6 (26)1 (4)2 (9)1 (4)0 (0)Website for general information and app
for specific tailored information (n=23)

aMAD-M: mean absolute deviation from the median.

Round 3
After the description of the priorities of the expert panel, the
BIT elements that were considered most suitable for
implementing each of the work strategies are shown in
Multimedia Appendix 5, including the 18 highly feasible work
strategies and 16 rather than 17 highly useful BIT elements
because social challenge features were considered within the
gamification features in round 3.

The use of wrist-based activity trackers was identified as useful
by 63% (12/19) of respondents for self-monitoring sedentary
and activity behaviors. Using a computer software was
considered useful to schedule 5- to 10-minute breaks between
meetings (9/19, 47%), whereas a desktop application interface
was considered useful to support strategies such as short breaks
every 60 minutes of sitting time (6/19, 32%). Videos were

described to be useful when delivering activity demonstrations
to perform during the sitting breaks (9/19, 47%). Other BIT
elements identified were gamification features, such as social
challenges, which are used for providing awards and rewards
and offering incentives (8/19, 42%). However, setting tailored
goals (8/19, 42%); creating an action plan (6/19, 32%); standing
while reading, answering calls, or conducting videoconferences
(6/19, 32%); providing feedback on activity progress (4/19,
21%); and motivational messages (4/19, 21%) were mainly
recognized to be best delivered through a smartphone app.
Providing information and support was considered to be best
delivered through a combination of media or a smartphone app
(5/19, 26% each). Combination of media was also chosen by
most of the respondents as the most useful mode for providing
information to increase awareness and knowledge (5/19, 26%)
and for promoting incidental movement (3/19, 16%).
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Environmental strategies such as height-adjustable desks (11/19,
58%), relocation of home office supplies (5/19, 26%), standing
desks (9/19, 47%), and workstation accessories (9/19, 47%) did
not correspond with any BIT elements according to most of the
respondents. For point-of-choice or point-of-decision prompts,
there were no corresponding BIT elements to support their
implementation according to most of the respondents for this
strategy (4/19, 21% of the sample), although 16% (3/19)
considered that this strategy could be delivered via computer
software.

Focus Groups

Overview
A total of 2 indicative themes were generated from the analysis
of the focus groups regarding the experts’perceptions in relation
to the Delphi results on the potential feasibility and usefulness
of strategies and digital elements to reduce SB in a home office
context. The first theme referred to the integration of the digital
strategies for reducing SB when working from home, which
included 3 subthemes: social influences, physical environment,
and individual factors. The second theme was related to the
adaptability of the strategies to reduce SB in the office and home
context.

Theme 1: Integration of the Digital Strategies for
Reducing SB When Working From Home

Overview

This theme involves the importance of combining multiple
levels of strategies to facilitate and maximize the strategies’
implementation and their effectiveness in reducing SB when
working from home. According to the experts, while
organizational-level factors such as organizational support or
policy changes may not be immediately feasible on their own,
they are essential for achieving sustainable change. The same
was considered true for information provision—it alone is not
enough to motivate behavior change, although it is an important
factor at the individual level to increase individuals’knowledge.
In addition, environmental changes are required to promote less
sitting and more movement during working hours. Therefore,
experts highlighted that the following implementation levels
need to work in tandem to achieve sustainable behavior change.

Social Support

Experts explained the need for the company to support the
culture of active and healthy workplaces to motivate the
employees’ behavior change. Social support may be achieved
by aligning the company policies and culture with the support
of the manager (eg, motivational messages) to be able to increase
the integration of digital strategies for reducing SB when
working from home:

[I]t is based on what the management or the
philosophy of the company or the company policy
wants to refer to their workers. If those at the top are
not proactive in...the chain, it will decrease. [E13;
focus group 4; paragraph 43]

While the target behavior is contextualized within the domain
of working from home, participants identified interaction with
colleagues as a relevant factor to motivate employees toward

behavior change. For example, social modeling may motivate
home office workers to reduce their SB by sharing activities
around the sitting time breaks. However, social interaction can
be perceived negatively if a competition component is present
in the strategies. This may be due to competing against people
whom they do not know or due to the bottom position of some
workers during the challenges. Therefore, cooperative challenges
may be the solution, in which every worker contributes to the
challenge without a competition element:

[W]hen people find themselves in an environment
where they’ve got to adapt behaviourally, seeing what
can be done and observing how others might do it,
can be quite powerful...we are social animals, monkey
see, monkey do and that social modelling element to
me jumps out as really quite important and not to be
lost. [E01; focus group 1; paragraph 44]

Physical Environment

The home office context was seen by some participants as a
limiting factor in engaging in sufficient PA during work hours
due to the reduced space compared to the office context. For
example, having (normally) no more than 1 floor at home,
implying the use of stairs, or the lack of large spaces for walking
are barriers to be active while working at home. Although
applying physical changes such as standing desks may be a
solution to break up sitting time at work, it appears to be a less
feasible strategy in the home office context due to the expensive
cost for the companies:

I’m a big advocate of standing desks, standing
workstations in terms of being effective but I
appreciate that in this situation it’s probably not
feasible for them to be incorporated in the
home-office. [E10; focus group 3; paragraph 7]

Nevertheless, experts highlighted the importance of combining
these environmental changes with prompts or reminders for the
success of the behavior change integration when working from
home. Regarding point-of-decision prompts, experts highlighted
that mobile phone notifications were more feasible for reducing
SB than desktop notifications because they cause less
disturbance:

[W]hen we moved into our new offices a few years
ago, we all got standing desks and just observing...I
don’t see anybody using. So, if there’s something for
me in there about prompting/reminders, do you
know?... So, I think the prompting is really important.
[E011; focus group 3; paragraph 11]

Individual Factors

Experts mentioned the difference in literacy between PA and
sitting time, believing that workers may understand the term
PA more easily than the term sitting time. This may be due to
the lack of knowledge on the importance of reducing sitting
time behaviors, which could be perceived as a barrier when only
reporting sitting time feedback. Therefore, educational material
or information, one of the highlighted strategies to be used
together with social support and physical environment strategies
to achieve SB reduction when working from home, delivered
through a combination of media (ie, smartphone, desktop, and
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websites), was considered the most adaptative medium to
increase the employees’ knowledge. Experts emphasized that
the information delivered must be simple and short, especially
with the use of videos:

I think the combination of media is probably the way
forward because I guess different organisations will
also have different ways of rolling out information. I
know a lot of companies nowadays that they all have
their own company app, and they do a lot of
communication via their app that all their employees
have access to. [E10; focus group 3; paragraph 42]

Furthermore, feedback on the respondents’ own behavior was
identified as a key strategy to motivate individuals and achieve
behavior change. The best frequency at which to deliver
feedback could be in real time as this adapts to each individual’s
schedule. However, a daily summary feedback approach was
also considered helpful in combination with real-time feedback:

For the summary—daily maybe? But I probably go
for the combination of the two, so you probably have
some sort of summary data to share with them but
still, it’s nice to see at the moment what you did. [E05;
focus group 2; paragraph 67]

Theme 2: Adaptation to the Home Office Environment
This theme refers to the flexibility of the strategies to fit the
diverse needs of hybrid work. All the experts mentioned the
capacity of the strategies to be adapted to all environments
without the need to be changed to fit in the home or office
context:

I think you want to have the same or approach or
whatever you use for say, remote working, I would
also use for hybrid working because I guess a lot of
strategies are going to be the same...So, I think you
could maybe just replicate or duplicate what you’re
doing here for the hybrid workers. [E10; focus group
3; paragraph 64]

However, some strategies need to be adapted to each individual
depending on the type of work they perform. For example,
walking while on a call may be a good strategy for a call center,
but it might not work in another type of job. Therefore, it is
valuable to provide different strategies to allow everyone to
choose their preferred one to change their behavior:

[D]ifferent populations need a different approach,
right? So very much dependent on the type of work
that people are doing, you’re going to have to
approach them differently. So, the task set is going
to help determine what options you actually have to
still do your work but would be doing it sitting down
all the time. [E05; focus group 2; paragraph 29]

Therefore, experts highlighted the importance of providing a
list of strategies that can be adapted to employees’ needs for
reducing sitting and moving more during their working hours:

So instead, you look towards providing a menu of
strategies that you know are effective or have at least
been shown to be feasible and acceptable and not
shown to have any harm and you know, have benefits

maybe in terms of cultural elements of it and that a
lot of those would be applicable for the home
environment but would also be applicable obviously
for the workplace environment. [E02; focus group 1;
paragraph 65]

Summary
In general, no dissonance was found among the responses of
the different experts. Strategies such as feedback, social
modeling, breaks every hour, prompts via mobile phone every
hour, educational material, and organizational support (eg,
motivational messages) were the most discussed and considered
the most feasible. Other strategies such as physical changes (ie,
height-adjustable desks) were considered unfeasible despite
being ranked higher in the Delphi rounds. Finally, although
certain strategies such as the creation of an action plan, standing
while reading and answering calls, blocking 5 to 10 minutes
between meetings, or setting tailored goals for reducing sitting
time obtained high scores in the Delphi rounds, these topics
were discussed less among the experts during the focus groups.

Discussion

Principal Findings
This study achieved international expert consensus on 18
potentially feasible work strategies to reduce home office SB
delivered through 16 potentially useful digital elements. These
results seem to be transferable to both office and home settings
based on experts’ responses. Moreover, the experts highlighted
the importance of multiple factors (ie, social, individual, and
environmental) working in tandem to facilitate and maximize
the strategies’ implementation, as well as to achieve behavior
change.

Comparison With Prior Work
Wrist-based activity trackers were identified by most of the
experts (12/19, 63%) as useful for self-monitoring activity and
SB. Previous research has highlighted the feasibility and
usability of these devices for self-monitoring SB as well as
workers’ acceptability of these approaches in the office context
[43,44]. In addition, these strategies have demonstrated
effectiveness in reducing SB in such settings [44]. Some studies
have highlighted limitations in recognition of postures and step
detection when using wrist-based devices compared to leg-based
devices [45-48]. However, few experts considered leg-based
activity trackers for self-monitoring activity and SB due to the
discomfort they may cause. This suggests that future
interventions incorporating activity trackers with the aim of
reducing SB should first validate the devices for their subsequent
implementation and effectiveness evaluation in home office
settings.

In the literature, computer visual feedback on activity patterns
is considered to be an enabling factor for increasing motivation
and awareness among office workers [49]. However, experts
preferred smartphone apps as they are able to provide real-time
feedback on activity progress. In addition, feedback may be an
indication of progression toward a defined goal [43]. In this
study, experts stated that smartphone apps could be a useful
tool for setting tailored goals. Evidence has demonstrated the
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effectiveness of smartphone apps in reducing SB and promoting
PA in office settings [16]. Hence, smartphone apps may be a
potential mode of delivery for setting tailored goals and
providing feedback on the move, which should be evaluated in
future home office environment interventions.

Previous research has demonstrated that short activity breaks
(ie, walking) every 30 minutes result in reductions in office SB
time [50] but also in reductions in fatigue and improvements in
energy and mood [51]. However, in this study, experts
considered breaks every 60 minutes more feasible. According
to recent literature, a possible explanation may be related to the
fact that workload and time pressure were identified by
employees as the most common barriers for reducing and
breaking up SB [52], making it difficult to stop more frequently.
Moreover, replacing SB with active working tasks (eg, incidental
moving while reading and answering calls) may overcome these
barriers [49]. Working remotely increases opportunities to
perform active tasks or even other light-intensity PA that may
increase the potential benefits of reducing SB and its harmful
health effects among office workers [9,10,53]. Experts reflected
on the importance of providing clear instructions and modeling
through video demonstrations as a key digital element to
enhance active breaks among employees when working from
home. This may have implications for future studies evaluating
the most effective active break duration through video
demonstrations and the implications of these breaks regarding
SB time and its health effects in home office contexts.

On the basis of experts’ responses, there is a literacy gap
between the terms PA and SB, with activity trackers largely
focused on PA instead of SB [52]. Therefore, educational
material may be a key aspect to increase knowledge for behavior
change and reduce the lack of understanding of SB and its
subsequent health implications, which was highlighted by
experts. Educational material is an essential and effective
strategy for workers to increase awareness of SB’s health
consequences [52,54]. In our findings, a combination of media
was preferred to deliver information to increase awareness and
knowledge. Therefore, it is recommended that future studies
include educational material to increase knowledge and
awareness among home office workers.

Despite the relevance of knowledge and awareness to achieve
behavior change, social and organizational support is a factor
noted by workers in the current literature for facilitating and
encouraging movement in the workplace [55-57], as well as by
managers in the home office setting [26]. Home office work is
more related to negative emotions than office work due to the
isolation and loneliness; therefore, social support is even more
important in this context [58]. Gamification features, including
social challenges, were identified as a useful digital element to
deliver strategies such as awards, rewards, or incentives to
achieve goals or recommendations for reducing SB among home
office workers. This strategy could provide social support and
motivation. Motivational messages from managers are also an
organizational support strategy, which experts suggest could
be delivered through smartphone apps. Thus, future studies
should evaluate the acceptability of these social and
organizational strategies among both managers and employees,
as well as their effectiveness in the home office context.

Environmental work strategies such as standing desks,
height-adjustable desks, or workstation accessories were mostly
not matched with any digital element. Moreover, experts
recognized work strategies such as height-adjustable desks as
unfeasible in the home office environment, primarily due to the
associated costs. Recent evidence has demonstrated the high
cost of such desks (eg, standing desks or height-adjustable
desks) compared with nondesk interventions [59]. Workstation
accessories (eg, desk platforms) or relocation of office supplies
are less expensive strategies [60] that were deemed more feasible
and usable by experts and may be implemented in home office
settings. Therefore, home office interventions may include
environmental work strategies in a similar way to office
interventions but with a lower associated cost.

On the basis of the findings presented in this paper, physical
environmental strategies need to work in tandem with social
support and individual strategies to achieve behavior change.
A recent systematic review showed that theory-based
interventions, a relevant step in multicomponent intervention
development [25], that include social, physical, and individual
elements are more effective than non–theory-based interventions
[21]. Furthermore, stakeholder engagement (eg, consultation
or coproduction among researchers, experts on the topic, and
the target population) should be encouraged throughout the
development process [25]. Recent studies have highlighted the
need for a top-down approach whereby managers should provide
support to employers [26]; hence, the implementation of
strategies should be an organizational initiative. Although
evaluating effectiveness on outcomes has traditionally been the
primary focus of interventions in this discipline, in particular
to encourage their adoption in the real world, the feasibility,
acceptability, cost-effectiveness, and scalability of interventions
is increasingly important to ensure the translation of findings
from research to practice [25,61]. This study provides new
insights for future research on the design of home office
interventions aimed at reducing SB based on the learned
experiences of occupational health experts. However, we were
not able to cover the entire audience’s perspective, so new
qualitative studies exploring the perspectives of different
stakeholders (eg, end users) may further inform about the
feasibility and usability of digital workplace strategies.

In addition, experts considered that no adaptations would be
needed to transfer these home office strategies to hybrid work,
the current modus operandi for many desk-based workers.
However, the experts who participated in this study were mainly
from high-income countries; therefore, such perceptions may
vary among people from other regions. Hybrid work presents
opportunities for promoting PA by providing flexibility to
integrate occupational, leisure, lifestyle, and incidental activities
[9] but also for improving health and well-being [62]. Hence,
the results of this study may be transferable to hybrid work in
high-income countries, whereas hybrid work should receive
greater consideration in future interventions given cultural
variability.

Strengths and Limitations
The main strength of this study is the novelty of the home office
context to deliver strategies for reducing SB through digital
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elements. The fact that focus groups were conducted after a
Delphi study enabled us to elicit additional views and opinions
on the Delphi results from the experts’ perspectives,
consolidating the consensus. Nevertheless, we did not share the
analytical categories, interpretations, or conclusions from the
thematic analysis with the experts, which may affect the
analysis’s credibility. The entire study was conducted in a
rigorous manner, with high participant response rates and
representation from international experts. However, some
strategies may have been overlooked due to the nonsystematic
search approaches used, and most of the international experts
were from high-income countries, limiting the applicability of
these findings to those communities. Some other limitations
were present in the study. First, despite the rigor in the
methodology used to engage experts, not all responses were
complete, meaning that data were sometimes missing from some

questions. Second, as is the case in any Delphi survey, the data
gathered were based on subjective opinion and the expertise of
the participants. Third, experts acted as representatives of the
stakeholders; thus, the inclusion of other stakeholders such as
end users would also have been important to address other, more
diverse perspectives.

Conclusions
This study presents the consensus of international experts on
feasible work strategies and useful digital elements as a mode
of delivery of these work strategies to support the reduction in
SB in home office or hybrid contexts. Consensus was achieved
on 18 work strategies and 16 BIT elements. Future interventions
should implement and evaluate the effectiveness of these
strategies but also their feasibility and acceptability in home
office settings.
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