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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
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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.
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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.

Acknowledgments
The authors thank the women who were participants in this study. They also thank the women with lived experience who
collaborated in the co-design of at heart and the Heart and Stroke Foundation of Canada for their partnership. Phases 2 and 3 of
the at heart program of research are supported by the Canadian Institutes of Health Research (389044) Project Grant: Fall 2017
competition.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Participant demographic and clinical information form.
[PDF File (Adobe PDF File), 94 KB-Multimedia Appendix 1]

JMIR Hum Factors 2025 | vol. 12 | e57583 | p. 12https://humanfactors.jmir.org/2025/1/e57583
(page number not for citation purposes)

Parry et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=humanfactors_v12i1e57583_app1.pdf&filename=bb14cd8713c7e435e0bdb24de1e43cad.pdf
https://jmir.org/api/download?alt_name=humanfactors_v12i1e57583_app1.pdf&filename=bb14cd8713c7e435e0bdb24de1e43cad.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


Multimedia Appendix 2
Usability testing error and efficiency documentation form.
[PDF File (Adobe PDF File), 72 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Summary of participant comments by theme.
[PDF File (Adobe PDF File), 103 KB-Multimedia Appendix 3]

References

1. GBD 2017 Causes of Death Collaborators. Global, regional, and national age-sex-specific mortality for 282 causes of death
in 195 countries and territories, 1980-2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet.
Nov 10, 2018;392(10159):1736-1788. [FREE Full text] [doi: 10.1016/S0140-6736(18)32203-7] [Medline: 30496103]

2. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM, et al. Global burden of cardiovascular
diseases and risk factors, 1990-2019: update from the GBD 2019 study. J Am Coll Cardiol. Dec 22, 2020;76(25):2982-3021.
[FREE Full text] [doi: 10.1016/j.jacc.2020.11.010] [Medline: 33309175]

3. Vaduganathan M, Mensah GA, Turco JV, Fuster V, Roth GA. The global burden of cardiovascular diseases and risk: a
compass for future health. J Am Coll Cardiol. Dec 20, 2022;80(25):2361-2371. [FREE Full text] [doi:
10.1016/j.jacc.2022.11.005] [Medline: 36368511]

4. Mensah GA, Roth GA, Fuster V. The global burden of cardiovascular diseases and risk factors: 2020 and beyond. J Am
Coll Cardiol. Nov 19, 2019;74(20):2529-2532. [FREE Full text] [doi: 10.1016/j.jacc.2019.10.009] [Medline: 31727292]

5. Pepine CJ, Ferdinand KC, Shaw LJ, Light-McGroary KA, Shah RU, Gulati M, et al. Emergence of nonobstructive coronary
artery disease: a woman's problem and need for change in definition on angiography. J Am Coll Cardiol. Oct 27,
2015;66(17):1918-1933. [FREE Full text] [doi: 10.1016/j.jacc.2015.08.876] [Medline: 26493665]

6. McSweeney J, Cleves MA, Fischer EP, Moser DK, Wei J, Pettey C, et al. Predicting coronary heart disease events in
women: a longitudinal cohort study. J Cardiovasc Nurs. 2014;29(6):482-492. [FREE Full text] [doi:
10.1097/JCN.0b013e3182a409cc] [Medline: 24231895]

7. Parry M, Bjørnnes AK, Clarke H, Cooper L, Gordon A, Harvey P, et al. Self-management of cardiac pain in women: an
evidence map. BMJ Open. Nov 25, 2017;7(11):e018549. [FREE Full text] [doi: 10.1136/bmjopen-2017-018549] [Medline:
29175891]

8. Canto JG, Canto EA, Goldberg RJ. Time to standardize and broaden the criteria of acute coronary syndrome symptom
presentations in women. Can J Cardiol. Jul 2014;30(7):721-728. [doi: 10.1016/j.cjca.2013.10.015] [Medline: 24530216]

9. Kirchberger I, Heier M, Wende R, von Scheidt W, Meisinger C. The patient's interpretation of myocardial infarction
symptoms and its role in the decision process to seek treatment: the MONICA/KORA Myocardial Infarction Registry. Clin
Res Cardiol. Nov 2012;101(11):909-916. [doi: 10.1007/s00392-012-0475-8] [Medline: 22618810]

10. Kok MM, van der Heijden LC, Sen H, Danse PW, Löwik MM, Anthonio RL, et al. Sex difference in chest pain after
implantation of newer generation coronary drug-eluting stents: a patient-level pooled analysis from the TWENTE and
DUTCH PEERS trials. JACC Cardiovasc Interv. Mar 28, 2016;9(6):553-561. [FREE Full text] [doi:
10.1016/j.jcin.2015.10.043] [Medline: 26947384]

11. Choinière M, Watt-Watson J, Victor JC, Baskett RJ, Bussières JS, Carrier M, et al. Prevalence of and risk factors for
persistent postoperative nonanginal pain after cardiac surgery: a 2-year prospective multicentre study. CMAJ. Apr 15,
2014;186(7):E213-E223. [FREE Full text] [doi: 10.1503/cmaj.131012] [Medline: 24566643]

12. Katz J, Weinrib A, Fashler SR, Katznelzon R, Shah BR, Ladak SS, et al. The Toronto General Hospital Transitional Pain
Service: development and implementation of a multidisciplinary program to prevent chronic postsurgical pain. J Pain Res.
2015;8:695-702. [FREE Full text] [doi: 10.2147/JPR.S91924] [Medline: 26508886]

13. Sella YO, Manistamara H, Apriliawan S, Lukitasari M, Rohman MS. Characteristic differences of chest pain in male and
female patients with acute coronary syndrome: a pilot study. J Public Health Res. Apr 14, 2021;10(2):2242. [FREE Full
text] [doi: 10.4081/jphr.2021.2242] [Medline: 33855424]

14. Altintas E, Yigit F, Taskintuna N. The impact of psychiatric disorders with cardiac syndrome X on quality of life: 3 months
prospective study. Int J Clin Exp Med. 2014;7(10):3520-3527. [FREE Full text] [Medline: 25419392]

15. Conradie A, Atherton J, Chowdhury E, Duong M, Schwarz N, Worthley S, et al. Health-Related Quality of Life (HRQoL)
and the effect on outcome in patients presenting with coronary artery disease and treated with Percutaneous Coronary
Intervention (PCI): differences noted by sex and age. J Clin Med. Sep 05, 2022;11(17):5231. [FREE Full text] [doi:
10.3390/jcm11175231] [Medline: 36079161]

16. Sabbag A, Matetzky S, Gottlieb S, Fefer P, Kohanov O, Atar S, et al. Recent temporal trends in the presentation, management,
and outcome of women hospitalized with acute coronary syndromes. Am J Med. Apr 2015;128(4):380-388. [doi:
10.1016/j.amjmed.2014.10.041] [Medline: 25460528]

JMIR Hum Factors 2025 | vol. 12 | e57583 | p. 13https://humanfactors.jmir.org/2025/1/e57583
(page number not for citation purposes)

Parry et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=humanfactors_v12i1e57583_app2.pdf&filename=1b1da316e8787dceeafb58859bb9fe5a.pdf
https://jmir.org/api/download?alt_name=humanfactors_v12i1e57583_app2.pdf&filename=1b1da316e8787dceeafb58859bb9fe5a.pdf
https://jmir.org/api/download?alt_name=humanfactors_v12i1e57583_app3.pdf&filename=d3558a0cafac7995f931fe8e4d28f028.pdf
https://jmir.org/api/download?alt_name=humanfactors_v12i1e57583_app3.pdf&filename=d3558a0cafac7995f931fe8e4d28f028.pdf
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(18)32203-7
http://dx.doi.org/10.1016/S0140-6736(18)32203-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30496103&dopt=Abstract
https://air.unimi.it/handle/2434/809754
http://dx.doi.org/10.1016/j.jacc.2020.11.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33309175&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(22)07312-0
http://dx.doi.org/10.1016/j.jacc.2022.11.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36368511&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(19)37928-8
http://dx.doi.org/10.1016/j.jacc.2019.10.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31727292&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(15)06064-7
http://dx.doi.org/10.1016/j.jacc.2015.08.876
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26493665&dopt=Abstract
https://europepmc.org/abstract/MED/24231895
http://dx.doi.org/10.1097/JCN.0b013e3182a409cc
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24231895&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=29175891
http://dx.doi.org/10.1136/bmjopen-2017-018549
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29175891&dopt=Abstract
http://dx.doi.org/10.1016/j.cjca.2013.10.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24530216&dopt=Abstract
http://dx.doi.org/10.1007/s00392-012-0475-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22618810&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1936-8798(15)01759-8
http://dx.doi.org/10.1016/j.jcin.2015.10.043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26947384&dopt=Abstract
http://www.cmaj.ca/cgi/pmidlookup?view=long&pmid=24566643
http://dx.doi.org/10.1503/cmaj.131012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24566643&dopt=Abstract
https://www.tandfonline.com/doi/abs/10.2147/JPR.S91924?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.2147/JPR.S91924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26508886&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.4081/jphr.2021.2242?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://journals.sagepub.com/doi/abs/10.4081/jphr.2021.2242?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.4081/jphr.2021.2242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33855424&dopt=Abstract
https://europepmc.org/abstract/MED/25419392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25419392&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm11175231
http://dx.doi.org/10.3390/jcm11175231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36079161&dopt=Abstract
http://dx.doi.org/10.1016/j.amjmed.2014.10.041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25460528&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


17. Sjöström-Strand A, Fridlund B. Women's descriptions of symptoms and delay reasons in seeking medical care at the time
of a first myocardial infarction: a qualitative study. Int J Nurs Stud. Jul 2008;45(7):1003-1010. [doi:
10.1016/j.ijnurstu.2007.07.004] [Medline: 17803997]

18. Hadid LA, Al Barmawi M, Al Hmaimat NA, Shoqirat N. Factors associated with prehospital delay among men and women
newly experiencing acute coronary syndrome: a qualitative inquiry. Cardiol Res Pract. 2020;2020:3916361. [FREE Full
text] [doi: 10.1155/2020/3916361] [Medline: 32454998]

19. Lorig KR, Holman H. Self-management education: history, definition, outcomes, and mechanisms. Ann Behav Med. Aug
2003;26(1):1-7. [doi: 10.1207/S15324796ABM2601_01] [Medline: 12867348]

20. Osborne RH, Batterham R, Livingston J. The evaluation of chronic disease self-management support across settings: the
international experience of the health education impact questionnaire quality monitoring system. Nurs Clin North Am. Sep
2011;46(3):255-70, v. [doi: 10.1016/j.cnur.2011.05.010] [Medline: 21791261]

21. Barlow J, Wright C, Sheasby J, Turner A, Hainsworth J. Self-management approaches for people with chronic conditions:
a review. Patient Educ Couns. 2002;48(2):177-187. [doi: 10.1016/s0738-3991(02)00032-0] [Medline: 12401421]

22. Knight-Agarwal C, Davis DL, Williams L, Davey R, Cox R, Clarke A. Development and pilot testing of the Eating4two
mobile phone app to monitor gestational weight gain. JMIR Mhealth Uhealth. Jun 05, 2015;3(2):e44. [FREE Full text]
[doi: 10.2196/mhealth.4071] [Medline: 26048313]

23. Willcox JC, Campbell KJ, McCarthy EA, Wilkinson SA, Lappas M, Ball K, et al. Testing the feasibility of a mobile
technology intervention promoting healthy gestational weight gain in pregnant women (txt4two) - study protocol for a
randomised controlled trial. Trials. May 07, 2015;16:209. [FREE Full text] [doi: 10.1186/s13063-015-0730-1] [Medline:
25947578]

24. Waring ME, Moore Simas TA, Xiao RS, Lombardini LM, Allison JJ, Rosal MC, et al. Pregnant women's interest in a
website or mobile application for healthy gestational weight gain. Sex Reprod Healthc. Dec 2014;5(4):182-184. [FREE
Full text] [doi: 10.1016/j.srhc.2014.05.002] [Medline: 25433828]

25. Fukuoka Y, Komatsu J, Suarez L, Vittinghoff E, Haskell W, Noorishad T, et al. The mPED randomized controlled clinical
trial: applying mobile persuasive technologies to increase physical activity in sedentary women protocol. BMC Public
Health. Dec 14, 2011;11:933. [doi: 10.1186/1471-2458-11-933] [Medline: 22168267]

26. Llanos AA, Krok JL, Peng J, Pennell ML, Vitolins MZ, Degraffinreid CR, et al. Effects of a walking intervention using
mobile technology and interactive voice response on serum adipokines among postmenopausal women at increased breast
cancer risk. Horm Cancer. Apr 2014;5(2):98-103. [FREE Full text] [doi: 10.1007/s12672-013-0168-4] [Medline: 24435584]

27. Wen KY, Miller SM, Kilby L, Fleisher L, Belton TD, Roy G, et al. Preventing postpartum smoking relapse among inner
city women: development of a theory-based and evidence-guided text messaging intervention. JMIR Res Protoc. Apr 03,
2014;3(2):e20. [FREE Full text] [doi: 10.2196/resprot.3059] [Medline: 24698804]

28. Licskai C, Sands TW, Ferrone M. Development and pilot testing of a mobile health solution for asthma self-management:
asthma action plan smartphone application pilot study. Can Respir J. 2013;20(4):301-306. [FREE Full text] [doi:
10.1155/2013/906710] [Medline: 23936890]

29. Parry M, Dhukai A, Clarke H, Bjørnnes AK, Cafazzo JA, Cooper L, et al. Development and usability testing of
HEARTPA♀N: protocol for a mixed methods strategy to develop an integrated smartphone and web-based intervention
for women with cardiac pain. BMJ Open. Mar 09, 2020;10(3):e033092. [FREE Full text] [doi:
10.1136/bmjopen-2019-033092] [Medline: 32156763]

30. Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M. Developing and evaluating complex interventions: the
new Medical Research Council guidance. BMJ. Sep 29, 2008;337:a1655. [FREE Full text] [doi: 10.1136/bmj.a1655]
[Medline: 18824488]

31. Skivington K, Matthews L, Simpson SA, Craig P, Baird J, Blazeby JM, et al. Framework for the development and evaluation
of complex interventions: gap analysis, workshop and consultation-informed update. Health Technol Assess. Sep
2021;25(57):1-132. [FREE Full text] [doi: 10.3310/hta25570] [Medline: 34590577]

32. Campbell M, Fitzpatrick R, Haines A, Kinmonth AL, Sandercock P, Spiegelhalter D, et al. Framework for design and
evaluation of complex interventions to improve health. BMJ. Sep 16, 2000;321(7262):694-696. [FREE Full text] [doi:
10.1136/bmj.321.7262.694] [Medline: 10987780]

33. Parry M, Bjørnnes AK, Victor JC, Ayala AP, Lenton E, Clarke H, et al. Self-management interventions for women with
cardiac pain: a systematic review and meta-analysis. Can J Cardiol. Apr 2018;34(4):458-467. [doi: 10.1016/j.cjca.2017.12.011]
[Medline: 29477931]

34. Wichansky AM. Usability testing in 2000 and beyond. Ergonomics. Jul 2000;43(7):998-1006. [doi:
10.1080/001401300409170] [Medline: 10929833]

35. Currie LM. Evaluation frameworks for nursing informatics. Int J Med Inform. Dec 2005;74(11-12):908-916. [doi:
10.1016/j.ijmedinf.2005.07.007] [Medline: 16099711]

36. Ritterband LM, Gonder-Frederick LA, Cox DJ, Clifton AD, West RW, Borowitz SM. Internet interventions: in review, in
use, and into the future. Prof Psychol Res Pract. Oct 2003;34(5):527-534. [doi: 10.1037/0735-7028.34.5.527]

37. Gustafson DH, Wyatt JC. Evaluation of ehealth systems and services. BMJ. May 15, 2004;328(7449):1150. [doi:
10.1136/bmj.328.7449.1150] [Medline: 15142895]

JMIR Hum Factors 2025 | vol. 12 | e57583 | p. 14https://humanfactors.jmir.org/2025/1/e57583
(page number not for citation purposes)

Parry et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.ijnurstu.2007.07.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17803997&dopt=Abstract
https://doi.org/10.1155/2020/3916361
https://doi.org/10.1155/2020/3916361
http://dx.doi.org/10.1155/2020/3916361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32454998&dopt=Abstract
http://dx.doi.org/10.1207/S15324796ABM2601_01
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12867348&dopt=Abstract
http://dx.doi.org/10.1016/j.cnur.2011.05.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21791261&dopt=Abstract
http://dx.doi.org/10.1016/s0738-3991(02)00032-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12401421&dopt=Abstract
https://mhealth.jmir.org/2015/2/e44/
http://dx.doi.org/10.2196/mhealth.4071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26048313&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-015-0730-1
http://dx.doi.org/10.1186/s13063-015-0730-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25947578&dopt=Abstract
https://europepmc.org/abstract/MED/25433828
https://europepmc.org/abstract/MED/25433828
http://dx.doi.org/10.1016/j.srhc.2014.05.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25433828&dopt=Abstract
http://dx.doi.org/10.1186/1471-2458-11-933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22168267&dopt=Abstract
https://europepmc.org/abstract/MED/24435584
http://dx.doi.org/10.1007/s12672-013-0168-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24435584&dopt=Abstract
https://www.researchprotocols.org/2014/2/e20/
http://dx.doi.org/10.2196/resprot.3059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24698804&dopt=Abstract
https://doi.org/10.1155/2013/906710
http://dx.doi.org/10.1155/2013/906710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23936890&dopt=Abstract
https://pubmed.ncbi.nlm.nih.gov/32156763/
http://dx.doi.org/10.1136/bmjopen-2019-033092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32156763&dopt=Abstract
https://europepmc.org/abstract/MED/18824488
http://dx.doi.org/10.1136/bmj.a1655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18824488&dopt=Abstract
https://doi.org/10.3310/hta25570
http://dx.doi.org/10.3310/hta25570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34590577&dopt=Abstract
https://europepmc.org/abstract/MED/10987780
http://dx.doi.org/10.1136/bmj.321.7262.694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10987780&dopt=Abstract
http://dx.doi.org/10.1016/j.cjca.2017.12.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29477931&dopt=Abstract
http://dx.doi.org/10.1080/001401300409170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10929833&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2005.07.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16099711&dopt=Abstract
http://dx.doi.org/10.1037/0735-7028.34.5.527
http://dx.doi.org/10.1136/bmj.328.7449.1150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15142895&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


38. Callahan CM, Unverzagt FW, Hui SL, Perkins AJ, Hendrie HC. Six-item screener to identify cognitive impairment among
potential subjects for clinical research. Med Care. Sep 2002;40(9):771-781. [doi: 10.1097/00005650-200209000-00007]
[Medline: 12218768]

39. Carpenter CR, DesPain B, Keeling TN, Shah M, Rothenberger M. The Six-Item Screener and AD8 for the detection of
cognitive impairment in geriatric emergency department patients. Ann Emerg Med. Jun 2011;57(6):653-661. [FREE Full
text] [doi: 10.1016/j.annemergmed.2010.06.560] [Medline: 20855129]

40. Hyzy M, Bond R, Mulvenna M, Bai L, Dix A, Leigh S, et al. System usability scale benchmarking for digital health apps:
meta-analysis. JMIR Mhealth Uhealth. Aug 18, 2022;10(8):e37290. [FREE Full text] [doi: 10.2196/37290] [Medline:
35980732]

41. Maramba I, Chatterjee A, Newman C. Methods of usability testing in the development of eHealth applications: a scoping
review. Int J Med Inform. Jun 2019;126:95-104. [doi: 10.1016/j.ijmedinf.2019.03.018] [Medline: 31029270]

42. Fleming JB, Hill YN, Burns MN. Usability of a culturally informed mHealth intervention for symptoms of anxiety and
depression: feedback from young sexual minority men. JMIR Hum Factors. Aug 25, 2017;4(3):e22. [doi:
10.2196/humanfactors.7392] [Medline: 28842389]

43. Srikesavan C, Williamson E, Cranston T, Hunter J, Adams J, Lamb SE. An online hand exercise intervention for adults
with rheumatoid arthritis (mySARAH): design, development, and usability testing. J Med Internet Res. Jun 27,
2018;20(6):e10457. [FREE Full text] [doi: 10.2196/10457] [Medline: 29950288]

44. Voncken-Brewster V, Moser A, van der Weijden T, Nagykaldi Z, de Vries H, Tange H. Usability evaluation of an online,
tailored self-management intervention for chronic obstructive pulmonary disease patients incorporating behavior change
techniques. JMIR Res Protoc. Jan 16, 2013;2(1):e3. [FREE Full text] [doi: 10.2196/resprot.2246] [Medline: 23612363]

45. Macefield R. How to specify the participant group size for usability studies: a practitioner’s guide. J Usab Stud. 2009:34-45.
[FREE Full text]

46. Nielsen J, Landauer TK. A mathematical model of the finding of usability problems. In: Proceedings of the INTERACT
'93 and CHI '93 Conference on Human Factors in Computing Systems. 1993. Presented at: CHI '93; April 24-29, 1993;
Amsterdam, The Netherlands. URL: https://dl.acm.org/doi/abs/10.1145/169059.169166 [doi: 10.1145/169059.169166]

47. Gulati M, Levy PD, Mukherjee D, Amsterdam E, Bhatt DL, Birtcher KK, et al. 2021
AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR guideline for the evaluation and diagnosis of chest pain: a report of the
American College of Cardiology/American Heart Association Joint Committee on clinical practice guidelines. Circulation.
Nov 30, 2021;144(22):e368-e454. [FREE Full text] [doi: 10.1161/CIR.0000000000001029] [Medline: 34709879]

48. Brooke J. SUS: a 'quick and dirty' usability scale. In: Jordan PW, Thomas B, McClelland IL, Weerdmeester B, editors.
Usability Evaluation in Industry. Boca Raton, FL. CRC Press; 1996.

49. Peres SC, Pham T, Phillips R. Validation of the system usability scale (SUS): SUS in the wild. Proc Hum Factors Ergon
Soc Annu Meet. Sep 30, 2013;57(1):192-196. [doi: 10.1177/1541931213571043]

50. Bangor A, Kortum P, Miller J. Determining what individual SUS scores mean: adding an adjective rating scale. J Usability
Stud. 2009;4(3):114-123.

51. Bangor A, Kortum PT, Miller JT. An empirical evaluation of the system usability scale. Int J Hum Comput Interact. Jul
30, 2008;24(6):574-594. [doi: 10.1080/10447310802205776]

52. Gräve E, Buchner A. Is less sometimes more? An experimental comparison of four measures of perceived usability. Hum
Factors. Jan 2025;67(1):32-48. [FREE Full text] [doi: 10.1177/00187208241237862] [Medline: 38482806]

53. Ferry AV, Anand A, Strachan FE, Mooney L, Stewart SD, Marshall L, et al. Presenting symptoms in men and women
diagnosed with myocardial infarction using sex‐specific criteria. JAHA. Sep 03, 2019;8(17). [doi: 10.1161/jaha.119.012307]

54. Gjeilo KH, Stenseth R, Wahba A, Lydersen S, Klepstad P. Validation of the brief pain inventory in patients six months
after cardiac surgery. J Pain Symptom Manage. Dec 2007;34(6):648-656. [FREE Full text] [doi:
10.1016/j.jpainsymman.2007.01.010] [Medline: 17629665]

55. Health Canada. Guidance document: Software as a Medical Device (SaMD): classification examples. Government of
Canada. Ottawa, ON. Health Canada; Dec 18, 2019. URL: https://www.canada.ca/content/dam/hc-sc/documents/services/
drugs-health-products/medical-devices/application-information/guidance-documents/software-medical-device-guidance/
examples/examples.pdf [accessed 2025-03-26]

56. Sandelowski M. Whatever happened to qualitative description? Res Nurs Health. Aug 2000;23(4):334-340. [doi:
10.1002/1098-240x(200008)23:4<334::aid-nur9>3.0.co;2-g] [Medline: 10940958]

57. Rogers ML, Patterson E, Chapman R, Render M. Usability testing and the relation of clinical information systems to patient
safety. In: Henriksen K, Battles JB, Marks ES, Lewin DI, editors. Advances in Patient Safety: From Research to
Implementation (Volume 2: Concepts and Methodology). Rockville, MD. Agency for Healthcare Research and Quality
(US); 2005.

58. Kounis NG. Coronary hypersensitivity disorder: the Kounis syndrome. Clin Ther. May 2013;35(5):563-571. [doi:
10.1016/j.clinthera.2013.02.022] [Medline: 23490289]

59. Kounis NG, Koniari I, Velissaris D, Tzanis G, Hahalis G. Kounis syndrome—not a single-organ arterial disorder but a
multisystem and multidisciplinary disease. Balkan Med J. Jul 11, 2019;36(4):212-221. [FREE Full text] [doi:
10.4274/balkanmedj.galenos.2019.2019.5.62] [Medline: 31198019]

JMIR Hum Factors 2025 | vol. 12 | e57583 | p. 15https://humanfactors.jmir.org/2025/1/e57583
(page number not for citation purposes)

Parry et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1097/00005650-200209000-00007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12218768&dopt=Abstract
https://europepmc.org/abstract/MED/20855129
https://europepmc.org/abstract/MED/20855129
http://dx.doi.org/10.1016/j.annemergmed.2010.06.560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20855129&dopt=Abstract
https://mhealth.jmir.org/2022/8/e37290/
http://dx.doi.org/10.2196/37290
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35980732&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2019.03.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31029270&dopt=Abstract
http://dx.doi.org/10.2196/humanfactors.7392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28842389&dopt=Abstract
https://www.jmir.org/2018/6/e10457/
http://dx.doi.org/10.2196/10457
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29950288&dopt=Abstract
https://www.researchprotocols.org/2013/1/e3/
http://dx.doi.org/10.2196/resprot.2246
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23612363&dopt=Abstract
https://uxpajournal.org/how-to-specify-the-participant-group-size-for-usability-studies-a-practitioners-guide/
https://dl.acm.org/doi/abs/10.1145/169059.169166
http://dx.doi.org/10.1145/169059.169166
https://www.ahajournals.org/doi/abs/10.1161/CIR.0000000000001029?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1161/CIR.0000000000001029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34709879&dopt=Abstract
http://dx.doi.org/10.1177/1541931213571043
http://dx.doi.org/10.1080/10447310802205776
https://journals.sagepub.com/doi/abs/10.1177/00187208241237862?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/00187208241237862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38482806&dopt=Abstract
http://dx.doi.org/10.1161/jaha.119.012307
https://linkinghub.elsevier.com/retrieve/pii/S0885-3924(07)00421-6
http://dx.doi.org/10.1016/j.jpainsymman.2007.01.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17629665&dopt=Abstract
https://www.canada.ca/content/dam/hc-sc/documents/services/drugs-health-products/medical-devices/application-information/guidance-documents/software-medical-device-guidance/examples/examples.pdf
https://www.canada.ca/content/dam/hc-sc/documents/services/drugs-health-products/medical-devices/application-information/guidance-documents/software-medical-device-guidance/examples/examples.pdf
https://www.canada.ca/content/dam/hc-sc/documents/services/drugs-health-products/medical-devices/application-information/guidance-documents/software-medical-device-guidance/examples/examples.pdf
http://dx.doi.org/10.1002/1098-240x(200008)23:4<334::aid-nur9>3.0.co;2-g
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10940958&dopt=Abstract
http://dx.doi.org/10.1016/j.clinthera.2013.02.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23490289&dopt=Abstract
https://europepmc.org/abstract/MED/31198019
http://dx.doi.org/10.4274/balkanmedj.galenos.2019.2019.5.62
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31198019&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


60. Hales S, Turner-McGrievy G, Fahim A, Freix A, Wilcox S, Davis RE, et al. A mixed-methods approach to the development,
refinement, and pilot testing of social networks for improving healthy behaviors. JMIR Hum Factors. Feb 12, 2016;3(1):e8.
[FREE Full text] [doi: 10.2196/humanfactors.4512] [Medline: 27026535]

61. Kaufman DR, Patel VL, Hilliman C, Morin PC, Pevzner J, Weinstock RS, et al. Usability in the real world: assessing
medical information technologies in patients' homes. J Biomed Inform. Feb 2003;36(1-2):45-60. [FREE Full text] [doi:
10.1016/s1532-0464(03)00056-x] [Medline: 14552846]

62. Kushniruk A. Evaluation in the design of health information systems: application of approaches emerging from usability
engineering. Comput Biol Med. May 2002;32(3):141-149. [doi: 10.1016/s0010-4825(02)00011-2] [Medline: 11922931]

63. Snodgrass A, Coyne R. Models, metaphors and the hermeneutics of designing. Design Issues. 1992;9(1):56-74. [doi:
10.2307/1511599]

64. Nadarzynski T, Miles O, Cowie A, Ridge D. Acceptability of artificial intelligence (AI)-led chatbot services in healthcare:
a mixed-methods study. Digit Health. Aug 21, 2019;5:2055207619871808. [FREE Full text] [doi:
10.1177/2055207619871808] [Medline: 31467682]

65. Fadhil A, Schiavo G. Designing for health chatbots. arXiv. Preprint posted online on February 24, 2019. [FREE Full text]
66. Hirschberg J, Manning CD. Advances in natural language processing. Science. Jul 17, 2015;349(6245):261-266. [doi:

10.1126/science.aaa8685] [Medline: 26185244]
67. Lopez-Jimenez F, Attia Z, Arruda-Olson AM, Carter R, Chareonthaitawee P, Jouni H, et al. Artificial intelligence in

cardiology: present and future. Mayo Clin Proc. May 2020;95(5):1015-1039. [doi: 10.1016/j.mayocp.2020.01.038] [Medline:
32370835]

68. Martínez-Miranda J, Martínez A, Ramos R, Aguilar H, Jiménez L, Arias H, et al. Assessment of users' acceptability of a
mobile-based embodied conversational agent for the prevention and detection of suicidal behaviour. J Med Syst. Jun 25,
2019;43(8):246. [doi: 10.1007/s10916-019-1387-1] [Medline: 31240494]

69. Chakraborty C, Pal S, Bhattacharya M, Dash S, Lee SS. Overview of Chatbots with special emphasis on artificial
intelligence-enabled ChatGPT in medical science. Front Artif Intell. 2023;6:1237704. [FREE Full text] [doi:
10.3389/frai.2023.1237704] [Medline: 38028668]

70. Fawcett J, Watson J, Neuman B, Walker PH, Fitzpatrick JJ. On nursing theories and evidence. J Nurs Scholarsh.
2001;33(2):115-119. [doi: 10.1111/j.1547-5069.2001.00115.x] [Medline: 11419305]

71. Ryan P, Sawin KJ. The individual and family self-management theory: background and perspectives on context, process,
and outcomes. Nurs Outlook. Jul 2009;57(4):217-25.e6. [FREE Full text] [doi: 10.1016/j.outlook.2008.10.004] [Medline:
19631064]

72. Danaher BG, Brendryen H, Seeley JR, Tyler MS, Woolley T. From black box to toolbox: outlining device functionality,
engagement activities, and the pervasive information architecture of mHealth interventions. Internet Interv. Mar 01,
2015;2(1):91-101. [FREE Full text] [doi: 10.1016/j.invent.2015.01.002] [Medline: 25750862]

73. Tandel SS, Jamadar A. Impact of progressive web apps on web app development. Int J Innov Res Sci Eng Technol.
2018;7(9):9439-9444. [doi: 10.15680/IJIRSET.2018.0709021]

74. Colella TJ, Hardy M, Hart D, Price JA, Sarfi H, Mullen KA, et al. The Canadian Women's Heart Health Alliance Atlas on
the epidemiology, diagnosis, and management of cardiovascular disease in women-chapter 3: patient perspectives. CJC
Open. Mar 2021;3(3):229-235. [FREE Full text] [doi: 10.1016/j.cjco.2020.11.020] [Medline: 33778439]

75. The Canadian census: a rich portrait of the country's religious and ethnocultural diversity. Statistics Canada. Ottawa, ON.
Statistics Canada; Oct 26, 2022. URL: https://www150.statcan.gc.ca/n1/daily-quotidien/221026/dq221026b-eng.htm
[accessed 2024-01-23]

76. Immigration and ethnocultural diversity in Canada. Statistics Canada. Ottawa, ON. Statistics Canada; 2011. URL: https:/
/www12.statcan.gc.ca/nhs-enm/2011/as-sa/99-010-x/99-010-x2011001-eng.cfm [accessed 2025-03-26]

77. Jaffer S, Foulds HJ, Parry M, Gonsalves CA, Pacheco C, Clavel MA, et al. The Canadian Women's Heart Health Alliance
Atlas on the epidemiology, diagnosis, and management of cardiovascular disease in women-chapter 2: scope of the problem.
CJC Open. Jan 2021;3(1):1-11. [FREE Full text] [doi: 10.1016/j.cjco.2020.10.009] [Medline: 33458627]

78. Norris CM, Yip CY, Nerenberg KA, Clavel M, Pacheco C, Foulds HJ, et al. State of the science in women's cardiovascular
disease: a Canadian perspective on the influence of sex and gender. J Am Heart Assoc. Feb 18, 2020;9(4):e015634. [doi:
10.1161/JAHA.119.015634] [Medline: 32063119]

79. Parry M, Van Spall HG, Mullen KA, Mulvagh SL, Pacheco C, Colella TJ, et al. The Canadian Women's Heart Health
Alliance Atlas on the epidemiology, diagnosis, and management of cardiovascular disease in women - chapter 6: sex- and
gender-specific diagnosis and treatment. CJC Open. Jul 2022;4(7):589-608. [FREE Full text] [doi: 10.1016/j.cjco.2022.04.002]
[Medline: 35865023]

80. Fournier C. Comparison of smoothness in progressive web apps and mobile applications on android. KTH Royal Institute
of Technology. 2020. URL: https://www.diva-portal.org/smash/get/diva2:1474729/FULLTEXT01.pdf [accessed 2025-03-25]

81. Jolles MP, Fort MP, Glasgow RE. Aligning the planning, development, and implementation of complex interventions to
local contexts with an equity focus: application of the PRISM/RE-AIM Framework. Int J Equity Health. Feb 27,
2024;23(1):41. [FREE Full text] [doi: 10.1186/s12939-024-02130-6] [Medline: 38408990]

JMIR Hum Factors 2025 | vol. 12 | e57583 | p. 16https://humanfactors.jmir.org/2025/1/e57583
(page number not for citation purposes)

Parry et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://humanfactors.jmir.org/2016/1/e8/
http://dx.doi.org/10.2196/humanfactors.4512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27026535&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S153204640300056X
http://dx.doi.org/10.1016/s1532-0464(03)00056-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14552846&dopt=Abstract
http://dx.doi.org/10.1016/s0010-4825(02)00011-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11922931&dopt=Abstract
http://dx.doi.org/10.2307/1511599
https://journals.sagepub.com/doi/10.1177/2055207619871808?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/2055207619871808
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31467682&dopt=Abstract
https://arxiv.org/abs/1902.09022
http://dx.doi.org/10.1126/science.aaa8685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26185244&dopt=Abstract
http://dx.doi.org/10.1016/j.mayocp.2020.01.038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32370835&dopt=Abstract
http://dx.doi.org/10.1007/s10916-019-1387-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31240494&dopt=Abstract
https://europepmc.org/abstract/MED/38028668
http://dx.doi.org/10.3389/frai.2023.1237704
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38028668&dopt=Abstract
http://dx.doi.org/10.1111/j.1547-5069.2001.00115.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11419305&dopt=Abstract
https://europepmc.org/abstract/MED/19631064
http://dx.doi.org/10.1016/j.outlook.2008.10.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19631064&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(15)00003-2
http://dx.doi.org/10.1016/j.invent.2015.01.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25750862&dopt=Abstract
http://dx.doi.org/10.15680/IJIRSET.2018.0709021
https://linkinghub.elsevier.com/retrieve/pii/S2589-790X(20)30209-2
http://dx.doi.org/10.1016/j.cjco.2020.11.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33778439&dopt=Abstract
https://www150.statcan.gc.ca/n1/daily-quotidien/221026/dq221026b-eng.htm
https://www12.statcan.gc.ca/nhs-enm/2011/as-sa/99-010-x/99-010-x2011001-eng.cfm
https://www12.statcan.gc.ca/nhs-enm/2011/as-sa/99-010-x/99-010-x2011001-eng.cfm
https://hdl.handle.net/20.500.11794/67994
http://dx.doi.org/10.1016/j.cjco.2020.10.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33458627&dopt=Abstract
http://dx.doi.org/10.1161/JAHA.119.015634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32063119&dopt=Abstract
https://hdl.handle.net/20.500.11794/74002
http://dx.doi.org/10.1016/j.cjco.2022.04.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35865023&dopt=Abstract
https://www.diva-portal.org/smash/get/diva2:1474729/FULLTEXT01.pdf
https://equityhealthj.biomedcentral.com/articles/10.1186/s12939-024-02130-6
http://dx.doi.org/10.1186/s12939-024-02130-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38408990&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


82. Herington J, Connelly K, Illes J. Ethical imperatives for working with diverse populations in digital research. J Med Internet
Res. Sep 18, 2023;25:e47884. [FREE Full text] [doi: 10.2196/47884] [Medline: 37721792]

83. Parry M, Owadally T, O'Hara A, Nickerson N, Hart D. Community- and patient-partner engagement in women's
cardiovascular disease research: a rapid review of the evidence. CJC Open. Feb 2024;6(2Part B):485-502. [FREE Full text]
[doi: 10.1016/j.cjco.2023.12.016] [Medline: 38487065]

84. Alkureishi MA, Choo ZY, Rahman A, Ho K, Benning-Shorb J, Lenti G, et al. Digitally disconnected: qualitative study of
patient perspectives on the digital divide and potential solutions. JMIR Hum Factors. Dec 15, 2021;8(4):e33364. [FREE
Full text] [doi: 10.2196/33364] [Medline: 34705664]

85. Hill JR, Brown JC, Campbell NL, Holden RJ. Usability-in-place-remote usability testing methods for homebound older
adults: rapid literature review. JMIR Form Res. Nov 02, 2021;5(11):e26181. [FREE Full text] [doi: 10.2196/26181] [Medline:
34726604]

Abbreviations
CAD: coronary artery disease
HRQoL: health-related quality of life
MRC: Medical Research Council
RCT: randomized controlled trial
REB: Research Ethics Board
REDCap: Research Electronic Data Capture
SMD: standardized mean difference
SUS: System Usability Scale

Edited by K Adapa; submitted 20.02.24; peer-reviewed by EM Noack, S-Y Fang, S Ania, V Quinten; comments to author 23.05.24;
revised version received 10.12.24; accepted 31.03.25; published 17.04.25

Please cite as:
Parry M, Huang T, Clarke H, Bjørnnes AK, Harvey P, Parente L, Norris C, Pilote L, Price J, Stinson JN, O’Hara A, Fernando M,
Watt-Watson J, Nickerson N, Spiteri DeBonis V, Hart D, Faubert C
Development and Systematic Evaluation of a Progressive Web Application for Women With Cardiac Pain: Usability Study
JMIR Hum Factors 2025;12:e57583
URL: https://humanfactors.jmir.org/2025/1/e57583
doi: 10.2196/57583
PMID:

©Monica Parry, Tony Huang, Hance Clarke, Ann Kristin Bjørnnes, Paula Harvey, Laura Parente, Colleen Norris, Louise Pilote,
Jennifer Price, Jennifer N Stinson, Arland O’Hara, Madusha Fernando, Judy Watt-Watson, Nicole Nickerson, Vincenza Spiteri
DeBonis, Donna Hart, Christine Faubert. Originally published in JMIR Human Factors (https://humanfactors.jmir.org), 17.04.2025.
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 | e57583 | p. 17https://humanfactors.jmir.org/2025/1/e57583
(page number not for citation purposes)

Parry et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://www.jmir.org/2023//e47884/
http://dx.doi.org/10.2196/47884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37721792&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2589-790X(23)00384-0
http://dx.doi.org/10.1016/j.cjco.2023.12.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38487065&dopt=Abstract
https://humanfactors.jmir.org/2021/4/e33364/
https://humanfactors.jmir.org/2021/4/e33364/
http://dx.doi.org/10.2196/33364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34705664&dopt=Abstract
https://formative.jmir.org/2021/11/e26181/
http://dx.doi.org/10.2196/26181
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34726604&dopt=Abstract
https://humanfactors.jmir.org/2025/1/e57583
http://dx.doi.org/10.2196/57583
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/

