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Abstract

Background and objectives: Heart failure requires complex and daily self-care that many patients struggle with for arange
of reasons including limited health literacy, cognitive impairment, comorbidities, and emotional distress. This study
describes the user-centred design and development of a mobile app (SmartHeart) to support comprehensive self-monitoring
and improve self-care engagement for people with heart failure. Methods: Building on previous co-design research and
expert panel feedback, we developed an initial Figma prototype following user-centred design principles. Two online
sessions were conducted with adults living with heart failure (n=7), including a focus group session and a follow-up
individual feedback session. The same participants took part in both sessions to provide feedback on the functionality,
aesthetics, navigation, and content. Data were analysed deductively based on heuristic principles of user interface design,
with findings informing the iterative development of the SmartHeart mobile app. The functional app was tested in-home by
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two participants over two weeks to evaluate real-world usability and gather contextual feedback to inform further re-
finement. Results: The SmartHeart prototype was developed through expert workshops and user feedback. Participants
emphasised simplicity, leading to a streamlined design with clear navigation, adaptable graphics, and larger fonts. The app’s
health tracking features were iteratively improved. User-driven modifications included personalised threshold alerts,
simplified symptom reporting, and integrated medication reminders. Participants reported high satisfaction with the
prototype interface and health monitoring capabilities; however, formative testing identified reliability issues that are being
addressed prior to pilot evaluation. Findings primarily inform design refinements before evaluating clinical effectiveness.
Conclusion: The SmartHeart app was refined through user-centred design process involving direct feedback from in-
dividuals with heart failure, resulting in a self-care tool with user-friendly features, to be further evaluated in future research.
These user-driven enhancements support self-care engagement and highlight the app’s potential for real-world use and
broader clinical integration.
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Introduction

Heart failure is a significant public health challenge worldwide.' ™ The global prevalence of heart failure was estimated to be
between 1% and 3%, affecting 56.2 million people in 2019.* In Australia, it was estimated that approximately 511,000 people
(2.1%) were living with heart failure as of 2017, with prevalence projected to rise due to population ageing, increasing
prevalence of obesity and improved survival following cardiac events.” The burden of heart failure extends beyond
individuals, exerting substantial pressure on families and the healthcare system. Around 75% of individuals hospitalised for
heart failure are readmitted within 12 months, and approximately 30% die within one year of their initial hospitalisation,
reflecting the serious and progressive nature of the condition.” Heart failure imposes a substantial economic burden on
healthcare systems worldwide, with approximately 60% of the cost attributed to direct medical expenses such as hos-
pitalisations and outpatient care, and the remaining 40% to indirect costs including lost productivity.® Notably, a large
proportion of these hospitalisations are considered potentially preventable, underscoring the critical need for improved
outpatient management and patient engagement in self-care.’

Heart failure management guidelines recommend that people living with the condition engage in complex, daily self-care
practices to help maintain health stability, reduce hospital admissions and mortality rates, and enhance their quality of life.”~'°
This complex regimen includes monitoring symptoms (e.g., shortness of breath, fatigue, and oedema), tracking body weight
to detect fluid retention, adhering to medication regimens, managing fluid intake and engaging in regular physical activity.''
Barriers to self-care such as limited health literacy, cognitive impairment, comorbidities, and emotional distress, can impact
on the ability and motivation to carry out these tasks.''™*

Digital health technologies, including wearable devices and smartphone applications (apps), have potential to improve
self-care by continuously monitoring health parameters and behaviour (e.g., weight, blood pressure, physical activity,
medication adherence) through connected sensors and ecological momentary assessment.'>~'° These systems provide data-
driven information about a person’s condition, detect potential deterioration, and deliver tailored, real-time feedback and
recommendations, enabling timely responses and supporting earlier intervention and improved disease management.'®
When effectively designed and implemented, these technologies can contribute to improved clinical outcomes and enhanced
quality of life for people with heart failure.””

Despite their considerable potential, many previous heart failure self-care apps have been developed without adequate
input from end-users, often leading to poor alignment with real-world needs, preferences, and capabilities.>' This disconnect
can result in usability challenges and low engagement and adherence.?”> Incorporating user-centred design approaches
(e.g., co-design workshops and iterative feedback loops) is critical for developing apps that are not only functional, but also
user-friendly and effective in promoting sustained self-care behaviours.”® One example is the Care4myHeart app, co-
designed with people living with heart failure, caregivers, and clinicians.”” The app enabled users to collect, track, and
evaluate health data, and a 14-day usability study indicated that users recognised its potential to support self-care. However,
features that required participants to manually enter data were used infrequently, highlighting the need for solutions that
reduce user burden.?® With advancing technologies, there is an opportunity to integrate connected devices (e.g., wearables
and wireless sensors) that automatically collect information and deliver timely, personalised recommendations.
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To address identified limitations, we developed the SmartHeart app as part of a broader research program that is building a
smart health ecosystem (SmartHeart) for heart failure management in Australia® by integrating the app with connected
devices for data collection, a conversational agent, and a clinician portal. An initial prototype of the app was developed prior
to this study by drawing on prior research with people with heart failure and healthcare professionals.?’

This paper describes the co-design of the SmartHeart mobile app tailored to the self-care needs of individuals with heart
failure in Australia. Through a collaborative, user-centred approach, we aimed to develop a technology-enabled solution that
integrates self-monitoring capabilities with self-care support, enhancing the ability of people living with heart failure to
manage their health, make informed decisions, and maintain long-term health independently.

Methods
Study design and app development process

This study utilised mixed-methods, user-centred design comprising a focus group and individual feedback sessions involving
patients with heart failure, an expert panel exercise to prioritise feedback, and a two-week user testing period. The integration
of qualitative feedback, structured prioritisation, and real-world usability testing enabled comprehensive identification and
refinement of usability issues from both end-user and clinical perspectives.

This study adopted a formative, user-centred design approach aimed at identifying key usability issues and user needs to
support iterative refinement rather than hypothesis testing or effectiveness evaluation. Accordingly, a formal sample size
calculation or statistical power analysis was not performed, and the study did not aim to achieve theoretical saturation.
Instead, data collection was guided by the point at which sufficient feedback was obtained to identify major usability concerns
and inform design decisions.

Prior to this study, the research team developed a low fidelity prototype app using Figma (Figma Inc., San Francisco,
United States of America), which allowed for an interactive wireframe simulation.*° Prototype 1 included a symptom logging
tool, visualisations of physiological data from connected devices (e.g., blood pressure monitor, smart scale, smartwatch), and
personalised push notifications (i.e. messages that pop up on a mobile device and are used to deliver timely and relevant
information to users even when they are not actively using apps.

To meet the aim of this study, feedback on Prototype 1 was obtained through a focus group session with people living with
heart failure. Synthesised feedback from the focus group was prioritised by a research expert panel using the MoSCoW
framework®' and iteratively implemented over a two-month period to create a high fidelity prototype (Prototype 2).
Participants then reviewed Prototype 2 in individual feedback sessions, and their insights guided the development of a
functional app. This functional app was subsequently evaluated in a user testing stage with additional participants. An
overview of the SmartHeart app development and design process is shown in Figure 1.

= =N

Co-design to understand In depth user-feedback User-feedback obtained from n=7, SmartHeart app was tested
patients’ needs gained from n=7 participants during individual sessions with two patients with heart
and clinicians’ perspective during a group session failure

@ |
| |

Low-fidelity Figma prototype was High-fidelity Figma prototype was Functional app integrated with
deigned designed sensors was developed

Figure 1. SmartHeart app development process.
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Ethical considerations

The study received ethical approval from the Deakin University Human Research Ethics Committee (HREC/76317/MH-
202). Participants were fully informed about the study through a participant information sheet and consent form, which were
emailed to them before data collection. Written informed consent was obtained from all participants during the pre-screening
assessment prior to Focus Group session.

Reporting framework

This study adhered to the Consolidated Criteria for Reporting Qualitative Research (COREQ) to ensure comprehensive and
transparent reporting of qualitative methodologies.> This structured approach enhances the credibility, transferability,
dependability, and confirmability of the qualitative data presented. Specific details regarding each criterion are provided in
the appendix (Supplemental File 1). In addition, the study was reported in accordance with the Good Reporting of A Mixed
Methods Study (GRAMMS) checklist™ (Supplemental File 2).

Participant eligibility, recruitment & screening

Eligible participants were adults aged 18 years or older, living with heart failure who had internet access, were able to read and
understand English, and residing in Australia. Participants were recruited through two primary sources: (a) individuals who
had previously taken part in related studies by the authors and had provided consent for future contact, and (b) through online
advertisements on social media platforms, including Facebook and Instagram advertised across Australia.

A total of 16 patients expressed interest in participating. All were initially contacted via telephone for a brief pre-screening
intedrview to confirm key eligibility criteria, including diagnosis, language proficiency, internet access, and residence in
Australia. Nine individuals were not enrolled because they either resided outside of Australia (n=6, ineligible) or were
unavailable during the study period (n=3). Following the screening, seven participants met all eligibility criteria and were
formally enrolled in the study.

Sample size was guided by established principles in usability and participatory design research, which indicate that small
samples are sufficient to identify the majority of usability issues when participants are intensively engaged through
qualitative methods such as focus groups, individual feedback sessions, and iterative testing.>**> The final sample size for the
qualitative design phase (n=7) was therefore considered appropriate and is consistent with participatory design approaches
for prototype refinement,*®*” where intensive engagement with a small number of users enables in-depth exploration of
experiences, preferences, and usability issues to inform iterative development. Participants were provided with full study
details and invited to participate. Each consenting participant received a $100 voucher in recognition of their time and
contribution.

Focus group feedback

A 100-minute online focus group session (using Zoom Videoconferencing platform) was conducted with seven participants
in April 2023. The session was facilitated by four digital health researchers (AS; female PhD student, RD & PJ; both male
research fellow) experienced in qualitative studies, user-centred design, and app development. Among the facilitators, one
served as the lead moderator (RD), guiding the discussion and ensuring all key topics were covered. The remaining
facilitators supported participant engagement, took notes, and managed technical aspects of the session. The discussion
followed a semi-structured topic interview guide (Supplemental File 3), adapted from established mHealth usability and
quality evaluation approaches,”® " and developed collaboratively by the research team based on a review of existing
literature, prior user feedback, and the objectives of the SmartHeart project. While the interview guide was not formally
validated, it was reviewed by the multidisciplinary research team and pilot-tested internally to ensure clarity, appropriateness
of wording, and relevance to the study aims before use in data collection.

The session commenced with a welcome and introductions, followed by an overview of SmartHeart system’s purpose and
features. We then facilitated a discussion using event scenarios, which were developed by the research team in consultation
with clinicians and based on common self-care challenges in heart failure (e.g., symptom monitoring, medication
management, and monitoring blood pressure and heart rate). The scenarios were used to explore user needs, preferences, and
expectations. In the latter half of the focus group, participants engaged in prototype testing and provided task-driven feedback
on usability and functionality. Participants were asked to interact with Prototype I to complete navigation tasks and assess
design elements such as layout, colour schemes, and menu organisation. Questions addressed prior experiences with health
apps and devices, as well as assessing SmartHeart prototype for ease of navigation, functional features (e.g., menu labels),
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preferences for aesthetics, and content quality (e.g., usefulness of information). Privacy and security concerns were also
assessed participants’ concern about SmartHeart app. Facilitators concluded the focus group by providing a summary of key
insights gathered in the session and outlining how participant feedback would be used to inform the next phase of
development.

Prioritisation exercise

Over the course of five meetings lasting 60 minutes each, an expert panel of digital health researchers, health care providers
with expertise in managing heart failure (a cardiology physician and a cardiology nurse), software engineers, and a user
experience designer (n=8) reviewed findings from the focus group. The panel applied the MoSCoW framework (Must have,
Should have, Could have, and Won’t have for now) to prioritise user-identified needs and preferences for the SmartHeart
app.”' The prioritisation process was informed by a structured discussion and consensus. Each proposed feature was
evaluated individually, in terms of clinical relevance, feasibility, and impact on the user. Each proposed feature was evaluated
individually in terms of clinical relevance, feasibility, and impact on the user. During the MoSCoW prioritisation process,
user-requested features were evaluated not only on perceived usefulness but also on clinical relevance, technical feasibility,
safety considerations, resource requirements, and alignment with the scope of early-stage prototype development. Some
features categorised as “Could have” or “Won’t have (for now)” were not dismissed as unimportant; rather, they were
identified as requiring additional governance structures, ongoing moderation, or system-level integration that could not be
adequately addressed within the current study phase. The process adopted group consensus to reach decisions, rather than
voting, to ensure that every expert voice was considered appropriately. Once the features were prioritised, we undertook
approximately two months of refinements, resulting in the development of Prototype 2 in Figma.

The following features were identified as Must Haves and were incorporated into the high-fidelity prototype (Figure 2):

a) A one-click access point for key icons to enhance usability

b) Timely reminders for measuring blood pressure, taking medications, and weighing in

¢) Grouping of reminders to reduce notification fatigue and minimise interruptions

d) Line charts displaying trends for each biological sign (e.g., heart rate)

e) A traffic light indicator system (green, amber, red) to reflect normal, borderline, and critical values
f) Improved data presentation within each data tab to reduce user confusion and enhance clarity

Individual feedback

Once Prototype 2 was developed, we carried out individual online feedback sessions (using Zoom Videoconferencing
platform) with the same participants to understand whether the new features aligned with their expectations and their
potential willingness to include the SmartHeart app as a part of their daily activities. These sessions each lasted for
approximately 50 minutes and were conducted by one researcher (RD) in the month of September 2023. Participants were
presented with Prototype 2 and were asked to complete a series of tasks that reflected the app’s core elements (e.g., symptom
tracking), and to comment on usability, clarity of content, and overall relevance toward their self-care needs.

User-testing

Two male adults (both aged 66 years, Australian, and retired; one with a bachelor’s degree and high school diploma,
respectively) with heart failure were recruited to use the functional SmartHeart system (mobile app and measurement
devices) for two weeks. These participants were recruited separately from those involved in the focus group and individual
feedback sessions, but using the same eligibility criteria described above to ensure consistency in participant selection. A
trained researcher installed the system in each participant’s home, provided a demonstration, and addressed any questions to
facilitate usage. To further support engagement, participants received a written user guide and weekly phone calls. Via the
broader SmartHeart system, the app collected data on blood pressure, heart rate, weight, physical activity (steps), medication
use, and symptoms. Medication use was supported by a generic Bluetooth-enabled motion sensor placed either on a
participant’s pillbox or on the drawer/cabinet where medications were stored, depending on individual routines. The sensor
detected movement events (e.g., opening or handling), which were timestamped and used as a proxy indicator of medication
access, complementing patient self-reported medication confirmation via the app or voice interface. Usability was assessed at
the end of two weeks using the System Usability Scale (SUS).*'** Any challenges or issues with the system were documented
during home visits and phone calls to support problem resolution and inform iterative improvements to the app after the
testing period.
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I
One click place Must have
Customisable tile Should have
Changing pictures Should have
Background Brightness Should have
Reminders (to measure BP, take medications, etc.) Must have
Grouping of reminders to minimise interruptions Could have
Grouping of reminders to minimise interruptions Must have
Map to locate nearby hospital, GP clinic etc. Won't have
Peer support Could have
In Case of Emergency (ICE) Won't have
Periodically generate heath reports (weekly/ monthly) [Won't have
Share graphs/data with others Won't have
Body Mass Index (BMI) Could have
Traffic light indicator to show normal/critical values Must have
Reminders to supply medication ahead of Could have
Reminding the timing of medication Could have
Improve datapresentation
L Must have

(Reduce datapresented on data tabs as it is too much)
Line chart for heart rate and similar data Must have
Educational content

2w ) oy Could have
(separate nutrition, physical activity content)

Figure 2. Prioritising SmartHeart features based on MoSCoW framework.

Analysis

Focus groups and individual feedback sessions were recorded and transcribed verbatim, and data were analysed in NVivo
(Version 14, QSR International Pty Ltd). Quantitative data, including participant demographics and SUS scores, were
summarised using descriptive statistics (means, standard deviations, and ranges) to characterise the sample and provide an
overview of usability outcomes. A deductive content analysis based on heuristic principles of user interface design43 was
conducted to systematically categorise feedback about core app features and known areas of usability (function, navigation,
aesthetics, clarity of content, and potential improvements). The analysis involved an initial phase where the researchers (AS
and RD) undertook a process of familiarisation with the data, and independently read and re-read transcripts and documented
relevant excerpts linked to the pre-existing categories. All transcripts were divided into discrete units of meaning and coded.
An initial coding table of categories was developed with AS and RD, which was then refined iteratively through the analysis
process to capture any subtleties of user feedback that extended the original categories. RD carried out the primary coding,
and themes within categories were reviewed, validated, and approved by both researchers to improve reliability. The findings
were synthesised to address design modifications for the app’s next version, as the research provides insight into potential
modifications of that iteration of the app.
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Results
Participants

Seven participants (mean 64 years, range 38-78; 3.3-15.0 years post-diagnosis) attended the focus group and individual
feedback sessions. Of these, 57% were female. Most participants reported to be Australian (85%), and with bachelor’s degree
(71%). Insights from the focus group and individual feedback sessions are summarised below and in Tables 1 and 2. The
iterated version of the SmartHeart app is presented in Figure 3.

Focus group findings

Overall, focus group session demonstrated interest in digital tools specific to heart failure self-care and identified priorities to
improve usability, personalisation, and integration with clinical care.

Past experience with digital health/tech/apps: Participants described gradual trust-building with commercial health apps
once accuracy was confirmed (e.g., “I only trusted it once I'd checked the readings against my usual machine”). They valued
convenient self-monitoring and emergency alerts (e.g., Apple Health) but expressed scepticism about initial data accuracy
and reported difficulty sharing results with multiple healthcare providers. General aspects: The app’s purpose—supporting
heart-failure self-care and providing early warning i.e. alerts—was well received. However, participants highlighted the
complexity of information exchange across different clinicians and emphasised the need for strong privacy safeguards and
easy, selective data-sharing functions (“It’s good to have something focused on heart failure and to link with my watch”). The
app was seen as a motivational self-management aid, but there was concern it might exclude those with limited digital literacy
levels. Suggestions included comprehensive onboarding tutorials and multi-platform support. Although live sign-in was not
yetimplemented, participants expected a simple, step-by-step process compatible with both iOS and Android (“It needs to be
easy to start, like one clear button to get in”"). Navigation: Users found the interface simple and functional, with clearly
recognisable icons, but complained of “too many taps” to reach specific data. They recommended one-click shortcuts and the
ability to reorder tabs. Functional aspects: Key functions (e.g., symptom logging, blood-pressure and medication tracking)
were valued, and trend graphs were found useful for clinical consultations (“Graphs help me explain to my doctor what’s been
happening”). Gaps included incomplete medication histories and lack of peer-to-peer communication. Suggestions focused
on improving health management by adding structured symptom logging with automated trend detection, dropdown-based
reporting (e.g., fluid intake), chatbot follow-ups, peer-to-peer support, and predictive alerts backed by human assistance.
Participants suggested that medication management should include clear timing displays, refill reminders, and notification
icons that highlight urgency levels, while monitoring features cover weight or body mass index (BMI), heart rate, blood
pressure, and now fluid intake. Participants suggested that emergency support could be enhanced through quick access to
contacts, nearby hospitals or GPs, and designated in case of emergency (ICE) calls. Aesthetics/visual design: a generally clean
appearance was appreciated, but some icons were perceived as “child-like”, colours inconsistent, and fonts non-adjustable.
Participants recommended using professional icons and adjustable fonts. Content & information: Participants wanted
concise but customisable summaries and the ability to record symptom “triggers.” They also sought personalised dietary
guidance, including fluid and salt limits (“It would be great if the app could guide me on how much salt and fluids I should have
each day, based on my own health readings”.

Individual session findings

Individual sessions confirmed the value of iterative design. Prior concerns about aesthetics and clarity were largely resolved,
and attention shifted to enhanced personalisation, broader content (diet/fluid guidance), and seamless clinical integration for
future development. General aspects: The app was viewed as purpose-built and senior-friendly, with clear colour coding (i.e.
traffic light indicator) and labelling. Sustaining long-term engagement and providing continuous clinical linkage were
identified as next challenges. Building on earlier exposure, participants reported increased confidence and motivation to
engage with a heart-specific app. They mentioned the importance of data privacy and ongoing technical support. The live
registration page (name, email, phone, password) was judged “very straightforward,” though testing revealed minor
confusion from developer placeholder names. Visual cues and assisted onboarding were advised for less tech-confident users.
Navigation/usability: One-touch access to blood-pressure, weight, step count and symptom pages was praised (“They’re easy
to see—you can figure them out from the picture as well as the written text”). Occasional difficulty returning to the home
screen (either by pressing the home button or backwards arrow) suggested the need for quick-start guides and on-screen tips.
Functional aspects: Comprehensive self-monitoring with automated colour-coded alerts and historical trends was valued.
Participants requested flexible manual entry for extra readings and linkage of medication changes to blood-pressure trends.
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Table 1. Focus group session results.

Feature Feedback

Challenges

Suggestions

Quotes

Used the following apps:
-Samsung Health app &
Smasung Watch: for

heart rate

-Apple Health & Apple
Watch: for irregular
rhythms

-Pharmacy prescription
apps (e.g., Priceline):
allowed e-scripts and
remote ordering

-Overall found the app
useful for heart failure

Past Experience

General

self-care and early alerts

-Could be motivating

Navigation
weight, medication,
blood pressure,
symptoms, heart rate,

steps and notifications
-Simple, functional layout

Functions
-Valued trend graphs

-Successfully navigated to

-Found the functions useful

- Initial scepticism about
accuracy of data from
these apps

- Risk of excluding low
digital literacy users
-Needed assistance with

sign in
-Concerns for users with
lower digital literacy

-Hard to use two-step click
to see data

-Occasional difficulty
finding notification tab

-Data on individual tabs
not clear and
informative (weight,
blood pressure, heart
rate and steps).

-Limited medication
display (lacking names,
dose, times per day etc.)

-There are no peer-to-peer
contact

-Patients reported steps as
the hardest one due
to...

- Unfamiliarity with certain
medical terminology
(e.g., ICD) within
symptom assessment
section.

-Ensure proven accuracy of device
data
- Early alerts

-Motivation (esp. for exercise) was
suggested a daily life challenge
and needed the app to
motivate them.

-Adaptation to different phone
screens

-Easy, secure sharing of data with
different healthcare providers.

-Enable one-click access

-Drag-and-drop to prioritise tabs

-Requested intuitive design,
large/adjustable fonts, and
clear icons.

-Wanted BMI integration with
weight.

-Symptom logging with
automated trend detection.
-Medications: Display medication

timing and list

-Remind users before medication
supply runs out

-Notifications: Use icons to show
urgency/importance of
different notifications (i.e.
ordinary, educational, critical,
etc.).

-Symptoms: Prefer dropdown lists
to report symptoms instead of
free text

-Symptoms: Link symptoms to
chatbot prompts and follow-up
questions [Having shortness of
breath! Have you been doing an
activity?]

-Symptoms: Peer-to-peer texting
to discuss symptoms

-Location: ldentify nearest
hospital, GP, etc.

-In case of emergency (ICE):
enable call/contact to
designated people in
emergencies

-Weight/BMI monitoring via
Bluetooth.

-Heart rate & BP monitoring via
wearables.

-Predictive alerts and chatbots
with human backup.

* Fluid intake feature was missing
in the initial prototype, and we
decided to include in Prototype
2 after understanding concerns
about their fluid intake.

“I only trusted it once I'd
checked the readings
against my usual
machine”

“It’s good to have
something focused on
heart failure and to link
with my watch.” & “It
must work for people who
aren’t tech-savvy.”

“Would love a faster way to
reach the blood-pressure

page.”

“Graphs help me explain to
my doctor what’s been
happening.”

(continued)
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Table 1. (continued)

Feature Feedback Challenges Suggestions Quotes
Aesthetics -Generally, clean and basic ~ -Some icons are childlike  -Allow adjustable font size “Some icons look like
-Inconsistent colour -Use consistent, calming colour they’re for kids.”
schemes, overall. palette/colour themes
-Font size inflexible -Use more professional icons
-They wanted clear and simpler
graphics, high contrast,
minimal clutter.
Content -Valued trend graphs and -Patients thought -They wanted personalised diet “It would be great if the app

historical data (helpful
for doctor visits)

educational content is
messy and confusing

and fluid/salt intake guidance.

-Intuitive prompts (“portion size

could guide me on how
much salt and fluids |

advice”). should have each day,
based on my own health

readings.”

Aesthetics/visual design: Colours and fonts were balanced and easy to read. Users welcomed options for light/dark mode,
colour-blind accessibility and more compacttiles. Content & information: Trend graphs and reminders were highly regarded,
but participants wanted broader fluid-intake tracking with drop-down icons for different fluids such as tea, coffee and soups,
and optional wellbeing prompts such as mindfulness or relaxation. Other/future concepts: Enthusiasm emerged for longer-
term innovations such as service robots or smart-home sensors to deliver medications and monitor vital signs, while
recognising cost and feasibility constraints.

The SmartHeart functional app

Using user design principles and incorporating user feedback we iterated the app to ensure features aligned with user needs
and preferences. These requirements directly informed the final feature specifications, which were tailored to support self-
care among patients with heart failure. The primary features of SmartHeart end-product included' Weight tracking:
integration with a Bluetooth-enabled weight scale allowed for automatic transfer and monitoring of daily weight data.” Blood
pressure monitoring: A Bluetooth-enabled blood pressure cuff was used to record blood pressure measurements.® Physical
activity monitoring: physical activity data, including steps taken and heart rate, were collected through a smartwatch
equipped with an accelerometer and heart rate sensor.* Fluid intake tracking: the app allowed users to manually log their daily
fluid intake through an easy-to-use interface.’> Medication intake: users confirmed their medication intake using the app or a
voice-assisted device. A medication sensor (i.e. motion sensor) detected pillbox movement (i.e. openings) serving as a proxy
of medication use, adding an extra layer of data for verifying adherence.® Symptom reporting: daily symptom check-ins
enabled users to report symptoms such as fatigue, shortness of breath, and swelling.” Real-time syncing: data from connected
devices were synced in real time (within one minute, except for steps data), allowing for up-to-date monitoring.® Alerts: the
app generated threshold-based alerts for abnormal weight, blood pressure, or symptom changes, helping prompt early
action.” Accessibility and customisation: users could adjust font size, switch between dark/light modes, tailor the interface to
their preferences, include or exclude implantable cardioverter defibrillator (ICD) use.'" Personalised user profiles: the app
supported entry of individualised parameters such as dry weight and daily fluid restriction targets to enable tailored self-care
tracking.

User testing results

The average SUS score was 71.25 (individual scores: 70.0 and 72.5). SUS consists of 10 items; each rated on a 5-point Likert
scale ranging from strongly disagree' to strongly agree.” Scores below 50 indicate poor usability, 50-68 suggest below-
average usability, 68—80 reflect good usability, and above 80 are considered excellent. Participants provided suggestions for
improvements based on regular weekly contacts feedback and task-specific challenges. The main challenges participants
reported included unreliable data syncing between the sensors and the app, slow app refresh rates on all pages, errors in the
blood pressure graph made it difficult to distinguish between systolic and diastolic readings, and frequent loss of sensor
Bluetooth connectivity with all sensors. Participant suggestions included improving data syncing and overall app per-
formance, clearly distinguishing systolic and diastolic blood pressure readings, and resolving issues with fluid intake
submission.
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Table 2. Individual feedback session results.

Feature Feedback Challenges Suggestions Quotes
General - Purpose-built for heart failure - Some concern about - Provide ongoing “It [SmartHeart] makes you
-Consistent, senior-friendly long-term updates and feel it’s valid—like it’s
design engagement community or really for people with
-Easy to use - Minor confusion over clinician linkage heart problems.”
-Streamlined/simplified developer -Need ongoing privacy &
-Higher confidence from prior placeholder names assurance and “I think it will be very useful
iteration; dedicated heart- during testing technical support once my history
health focus reinforced - Keep live version [historical data] is in
motivation and psychological cleanly branded; there.”
reassurance. include visual cues &
-Registration fields (name, and optional assisted ~ “Name, email, phone—very
email, phone, password) onboarding straightforward to fill in.”
described as “I'd like it to link a
“straightforward” and “very medication change with
clear” blood-pressure changes
over time.”
Navigation -One-touch access to blood -Set-up may still - Add quick-start guide,  “They [functions] are easy to
pressure, weight, steps, etc. challenge low on-screen tips, and see—you can figure them
-Clear icons digital literacy optional set-up out from the picture as
-Clear colour codes support well as the writing.”
Functions - Comprehensive self- -Limited flexibility for - Allow manual extra
monitoring (symptoms, blood ad-hoc readings
pressure, heart rate, steps); measurements -Plan future clinician-
colour-coded alerts; -Medication tab linked medication
automated trends cannot store actual features
drug names
Aesthetics - Balanced colours and fontsizes - Some users want - Provide light/dark “Colours are easy to read—
adjustable mode, colour-blind even if English isn’t your
brightness/contrast options, and first language.”
-Icons and tiles could resizable tiles
be more compact
Content -Easy-to-read graphs and - Fluid-intake logging - Add drop-down “It would help if I could tick
reminders; history useful for too narrow; menus/icons for tea, [select] tea, coffee, or
linking symptoms to -Limited stress- coffee, soups; soup when tracking
medication changes management introduce fluids.”
resources mindfulness/
relaxation prompts
Discussion

The SmartHeart app was developed as part of a larger project to develop a remote monitoring ecosystem to support people
with heart failure to self-care at home and to reduce avoidable heart failure-related hospitalisation.** Building on previous
formative research,?” we undertook a user-centred design process to develop the SmartHeart mobile app. The user-centred
approach was chosen to align app features and design with user’s needs, and to enhance usability and functionality. Engaging
participants in iterative sessions provided valuable insights into their challenges, preferences, and expectations that influence
self-care behaviours for people with health failure, ensuring that the SmartHeart app offered practical and meaningful support
for heart failure management.

The use of multiple data sources enabled triangulation of findings, whereby usability concerns identified in early
qualitative sessions were confirmed and refined during real-world testing. Expert prioritisation further contextualised
patient-identified needs within clinical workflows, ensuring that design modifications were both user-responsive and
clinically appropriate.

Our user design approach led to the development of a mobile app that patients with heart failure perceived as usable,
though further research is needed to assess real-world applications and effectiveness on behavioural and clinical health
outcomes. These findings align with prior studies demonstrating that early assessment of patient needs and iterative
stakeholder involvement enhance usability and adoption of mobile health applications. For example, Reimer et al. (2024)



Daryabeygi-Khotbehsara et al.

11

Create Account

131/82 mm Hg

©

weight

Heart Rate
96 bpm

22

Steps

17020 Steps

N

Notifications (15)

Have you ainted or feel ke fainting?

Has your ICO gone off?

Figure 3. Iterated version of SmartHeart app.

showed that applying a user-centred framework in the development of a cardiovascular prevention app enabled the
identification of features and interface elements that improved usability and user satisfaction through structured, iterative
feedback.** Similarly, Koumpouros (2022) reported that participatory design processes involving patients, clinicians, and
technical experts facilitated the identification of user requirements and barriers during mobile health development.*’

Furthermore, research evidence suggests that involving potential users directly in design processes leads to higher
acceptability, greater perceived relevance, and improved usability of digital tools—factors critical to long-term engagement
and adoption.*® Participants in our study emphasised the need for simplicity in design, tailored notifications, and visual clarity
of graphs, which aligns with prior studies in cardiovascular care, where older adults frequently report technology-related
barriers such as cognitive overload, low health literacy, and small device interfaces.*” Most study participants indicated
willingness to use the system daily, provided that these usability challenges are adequately addressed.

The integration of self-monitoring features including weight, blood pressure, and symptom tracking was viewed
positively by participants, aligning with existing evidence that such tools may support behavioural activation, symptom
recognition, and timely intervention in heart failure.*® A recent meta-analysis of mobile health interventions for heart failure
found improvements in self-care behaviours and reductions in hospitalisations when mobile health tools provided real-time
feedback and interactive features.*” SmartHeart’s combination of sensor and self-report data entry options addressed the need
for both passive data collection and user control, a dual approach shown to increase compliance.'®

Several smartphone applications have been developed to support heart failure self-management. For example, Medly is a
clinically integrated remote monitoring platform that combines symptom reporting with physiological monitoring and
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automated feedback, demonstrating feasibility and user acceptability across implementation studies.’*>' Both Medly and
SmartHeart enable daily tracking of weight, blood pressure, and symptoms to support early detection of deterioration and
reduce avoidable hospitalisation.’*

However, Medly has largely been implemented within specialised tertiary programmes and relies heavily on clinician
dashboard monitoring and algorithm-triggered alerts. Published evaluations of Medly have identified challenges related to
digital literacy, caregiver dependence, and integration within structured clinical workflows.”” In contrast, SmartHeart was
developed using an iterative, user-centred framework that prioritised usability, behavioural engagement, and adaptability
across broader care contexts. Features such as a simplified interface, hybrid passive—active data entry, tailored context-
sensitive notifications, and fluid tracking were incorporated to enhance autonomy and reduce user burden. Unlike more
mature platforms such as Medly, SmartHeart has not yet undergone large-scale clinical evaluation or real-world
implementation. A clinical trial is currently underway, representing an important step toward establishing its effec-
tiveness, equity, and scalability across broader care contexts.

Participants also highlighted the importance of personalised, context-sensitive notifications and encouragement (i.e. data-
driven messages and more proactive messages targeting behaviour change), which can enhance perceived usefulness and
reduce alert fatigue.”* This aligns with principles from persuasive systems design and just-in-time adaptive interventions,
where context-specific tailoring of message content, timing, and tone improves digital intervention effectiveness.’
Additionally, participants’ feedback on features such as fluid intake tracking, chatbot support, and ICE functionality points to
the increasing demand for holistic, integrated support systems. These suggestions support calls from digital health re-
searchers for designing comprehensive platforms that consider physical, psychological, and social determinants of health.>®

The SmartHeart app demonstrated above-average usability, which indicates good usability and user satisfaction.’’
Although only two participants were involved in testing the app and the findings should therefore be interpreted with caution,
this finding is promising given that both participants were older adults, a population often reported to experience greater
challenges when adopting digital health.”®> Technical issues including data syncing failures, delayed refresh rates,
graphical errors in blood pressure visualisations, and frequent sensor Bluetooth disconnections can significantly impact
sustained engagement and adherence.®® Addressing these technical shortcomings is critical to enhance user experience,
especially those who may be less resilient of inconsistent system performance.®’ Technical issues experienced in our study
were resolved with subsequent iterations of the SmartHeart app with the aim of prioritising technical reliability and intuitive
design modifications informed by user-centered feedback.

Despite these promising findings, this study has several limitations. Participants who chose to take part in the study may
have had a greater interest or comfort in using technology, potentially introducing selection bias. Future studies should seek to
include a more diverse sample and explore accessibility across varying health and digital literacy levels. Furthermore, while
qualitative feedback offers insights into usability and user perceptions, the study did not collect objective usage data. In
addition, clinical characteristics of participants (e.g., left ventricular ejection fraction or LVEF, B-type natriuretic peptide,
New York Heart Association [NYHA] class) were not collected. As a result, it was not possible to examine how underlying
heart failure severity or overall health status may have influenced app engagement, usability perceptions, or feedback. Future
research should incorporate clinical profiling to better understand the relationship between patient disease characteristics and
digital health intervention use. Although the semi-structured interview guide was informed by established mHealth usability
frameworks, reviewed by a multidisciplinary team, and pilot-tested internally, it was not formally validated, which may have
limited the comprehensiveness or consistency of the data collected. Additionally, medication adherence was inferred using a
motion sensor placed on a pillbox or medication storage location; while this provided an objective proxy of medication
access, it does not confirm actual medication ingestion. The small sample sizes across the qualitative and user-testing phases
limit the generalisability of findings; however, this aligns with formative usability research, where intensive engagement with
a small number of participants is used to identify key usability and interaction issues to inform iterative refinement. User
testing with two participants enabled detailed observation of real-world system use but captured limited variability in user
experiences. These stages formed part of a staged evaluation approach, and a larger pilot study has subsequently been
completed to provide a broader assessment of usability and user experience. Although formal saturation analysis was not
conducted, the formative usability focus meant that later sessions yielded largely repetitive feedback. Future studies with
larger and more diverse samples may identify additional user needs. Incorporating real-world usage patterns, such as feature
engagement rates and app session frequency and duration, cross-sectionally and longitudinally, could help quantify app
impact on user engagement and guide adaptive refinement. We acknowledge these limitations and aim to address them in the
next phase of evaluation, which is currently underway. This subsequent stage will involve a larger and more diverse group of
participants, allowing for more robust findings and a stronger assessment of the app’s usability and overall effectiveness.
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Conclusions

This study illustrates the value of iterative, user-centred design in developing a digital health intervention for heart failure
management. The SmartHeart app demonstrated relatively positive levels of acceptability, perceived usefulness, and
usability across key health self-care domains. These findings lay the groundwork for subsequent pilot testing and real-world
trials to assess engagement, clinical outcomes, and scalability.

Acknowledgements

We thank all participants for their valuable input through focus groups, interviews, and user testing. Their contribution informed the design
and development of SmartHeart mobile app.

ORCID iDs

Reza Daryabeygi-Khotbehsara (2 https://orcid.org/0000-0003-4064-978X
Paul Jansons (2 https://orcid.org/0000-0002-8766-0516

Yuxin Zhang @ https://orcid.org/0000-0002-7636-4084

Gavin Abbott (@ https://orcid.org/0000-0003-4014-0705

Paul Scuffham (® https://orcid.org/0000-0001-5931-642X

Ralph Maddison (2 https://orcid.org/0000-0001-8564-5518

Consent to participate

All participants provided written informed consent before participating in the study.

Author contributions

RM: Conceptualisation, Supervision, Software conceptualisation, Writing, review & editing. RD: Conceptualisation, Methodology,
Investigation, Formal analysis, Software prototyping, Writing, original draft. PJ: Investigation, Software conceptualisation, Writing,
review & editing. AS: Investigation, Formal analysis, Writing, review & editing. YZ: Software development, Prototyping, Validation,
Writing, review & editing. RAN: Methodology, Writing, review & editing. JR: Methodology, Writing, review & editing. All authors
reviewed, made changes and approved the final manuscript.

Funding

The authors disclosed receipt of the following financial support for the research, authorship, and/or publication of this article: This study
was funded by a National Health and Medical and Research Council grant (grant number 2018698). However, the funding agency did not
play a part in the design, execution, analysis, or interpretation of this study.

Declaration of conflicting interests

The authors declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.

Supplemental material

Supplemental material for this article is available online.

References

1. Groenewegen A, Rutten FH, Mosterd A, et al. Epidemiology of heart failure. European journal of heart failure 2020; 22(8):
1342-1356. https://doi.org/10.1002/ejhf.1858

2. YanT,Zhu S, Yin X, et al. Burden, trends, and inequalities of heart failure globally, 1990 to 2019: a secondary analysis based on the
global burden of disease 2019 study. Journal of the American Heart Association 2023; 12(6): €027852. https://doi.org/10.1161/
JAHA.122.027852

3. Bragazzi NL, Zhong W, Shu J, et al. Burden of heart failure and underlying causes in 195 countries and territories from 1990 to 2017.
European Journal of Preventive Cardiology 2021; 28(15): 1682—1690. https://doi.org/10.1093/eurjpc/zwaal47

4. KhanMS, Shahid I, Bennis A, et al. Global epidemiology of heart failure. Nature Reviews Cardiology 2024;21(10): 717-734. https://
doi.org/10.1038/s41569-024-01046-6

5. Chan Y-K, Tuttle C, BallJ, et al. Current and projected burden of heart failure in the Australian adult population: a substantive but still
ill-defined major health issue. BMC health services research 2016; 16: 1-10. https://doi.org/10.1186/s12913-016-1748-0

6. CookC, Cole G, Asaria P, etal. The annual global economic burden of heart failure. International journal of cardiology 2014; 171(3):
368-376. https://doi.org/10.1016/j.ijcard.2013.12.028


https://orcid.org/0000-0003-4064-978X
https://orcid.org/0000-0003-4064-978X
https://orcid.org/0000-0002-8766-0516
https://orcid.org/0000-0002-8766-0516
https://orcid.org/0000-0002-7636-4084
https://orcid.org/0000-0002-7636-4084
https://orcid.org/0000-0003-4014-0705
https://orcid.org/0000-0003-4014-0705
https://orcid.org/0000-0001-5931-642X
https://orcid.org/0000-0001-5931-642X
https://orcid.org/0000-0001-8564-5518
https://orcid.org/0000-0001-8564-5518
https://doi.org/10.1002/ejhf.1858
https://doi.org/10.1161/JAHA.122.027852
https://doi.org/10.1161/JAHA.122.027852
https://doi.org/10.1093/eurjpc/zwaa147
https://doi.org/10.1038/s41569-024-01046-6
https://doi.org/10.1038/s41569-024-01046-6
https://doi.org/10.1186/s12913-016-1748-0
https://doi.org/10.1016/j.ijcard.2013.12.028

14

DIGITAL HEALTH 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Atherton JJ, Sindone A, De Pasquale CG, et al. National Heart Foundation of Australia and Cardiac Society of Australia and New
Zealand: guidelines for the prevention, detection, and management of heart failure in Australia 2018. Heart, Lung and Circulation
2018; 27(10): 1123-1208. https://doi.org/10.1016/j.h1c.2018.06.1042

Lee CS, Bidwell JT, Paturzo M, et al. Patterns of self-care and clinical events in a cohort of adults with heart failure: 1 year follow-up.
Heart & Lung 2018; 47(1): 40-46. https://doi.org/10.1016/j.hrtlng.2017.09.004

Calero-Molina E, Hidalgo E, Rosenfeld L, et al. The relationship between self-care, long-term mortality, and heart failure
hospitalization: insights from a real-world cohort study. European journal of cardiovascular nursing 2022;21(2): 116-126. https://
doi.org/10.1093/eurjcn/zvab011

Auld JP, Mudd JO, Gelow JM, et al. Self-care moderates the relationship between symptoms and health-related quality of life in heart
failure. Journal of Cardiovascular Nursing 2018; 33(3): 217-224. https://doi.org/10.1097/JCN.0000000000000447

Jaarsma T, Hill L, Bayes-Genis A, et al. Self-care of heart failure patients: practical management recommendations from the Heart
Failure Association of the European Society of Cardiology. European journal of heart failure 2021; 23(1): 157-174. https://doi.org/
10.1002/ejhf.2008

Segan L, Nanayakkara S, Mak V, et al. Patient perspectives of barriers to self-care strategies in managing heart failure. Heart, Lung
and Circulation 2017; 26: S142. https://doi.org/10.1016/j.hlc.2017.06.224

Hjelm CM, Brostrom A, Riegel B, et al. The association between cognitive function and self-care in patients with chronic heart failure.
Heart & Lung 2015; 44(2): 113-119. https://doi.org/10.1016/j.hrtlng.2014.12.003

Meraz R. Medication nonadherence or self-care? Understanding the medication decision-making process and experiences of older
adults with heart failure. Journal of cardiovascular nursing 2020; 35(1): 26-34. https://doi.org/10.1097/JCN.0000000000000616
Lustrek M, Bohanec M, Barca CC, et al. A personal health system for self-management of congestive heart failure (HeartMan):
development, technical evaluation, and proof-of-concept randomized controlled trial. JMIR Medical Informatics 2021;9(3): €24501.
https://doi.org/10.2196/24501

Indraratna P, Tardo D, Yu J, et al. Mobile phone technologies in the management of ischemic heart disease, heart failure, and
hypertension: systematic review and meta-analysis. JMIR mHealth and uHealth 2020; 8(7): €16695. https://doi.org/10.2196/16695
Choi E-Y, Park J-S, Min D, et al. Heart Failure-Smart Life: a randomized controlled trial of a mobile app for self-management in
patients with heart failure. BMC cardiovascular disorders 2023; 23(1): 7. https://doi.org/10.1186/s12872-023-03039-8
Athilingam P and Jenkins B. Mobile phone apps to support heart failure self-care management: integrative review. JMIR cardio 2018;
2(1): e10057. https://doi.org/10.2196/10057

Yang L and Shrestha A. A deepening digital divide in cardiovascular disease management: Heart failure. Nature Reviews Cardiology
2025; 22(12): 1.

Carbo A, Gupta M, Tamariz L, et al. Mobile technologies for managing heart failure: a systematic review and meta-analysis.
Telemedicine and e-Health 2018; 24(12): 958-968. https://doi.org/10.1089/tmj.2017.0269

Ware P, Dorai M, Ross HJ, et al. Patient adherence to a Mobile phone—based heart failure Telemonitoring program: a longitudinal
mixed-methods study. JMIR mHealth and uHealth 2019; 7(2): e13259. https://doi.org/10.2196/13259

Maddison R, Nourse R, Daryabeygikhotbehsara R, et al. Digital Home-Based Self-Monitoring System for People with Heart Failure:
Protocol for Development of SmartHeart and Evaluation of Feasibility and Acceptability. JMIR Research Protocols 2025; 14(1):
€62964. https://doi.org/10.2196/62964

Creber RMM, Maurer MS, Reading M, et al. Review and analysis of existing mobile phone apps to support heart failure symptom
monitoring and self-care management using the Mobile Application Rating Scale (MARS). JMIR mHealth and uHealth 2016; 4(2):
e5882.

Kitsiou S, Gerber BS, Kansal MM, et al. Patient-centered mobile health technology intervention to improve self-care in patients with
chronic heart failure: protocol for a feasibility randomized controlled trial. Contemporary clinical trials 2021; 106: 106433. https://
doi.org/10.1016/j.cct.2021.106433

Bezerra Giordan L, Tong HL, Atherton JJ, et al. The use of mobile apps for heart failure self-management: systematic review of
experimental and qualitative studies. JMIR cardio 2022; 6(1): €33839. https://doi.org/10.2196/33839

Fox S, Brown LJ, Antrobus S, et al. Co-design of a smartphone app for people living with dementia by applying agile, iterative co-
design principles: development and usability study. JMIR mHealth and uHealth 2022; 10(1): €24483. https://doi.org/10.2196/24483
Woods L, Duff J, Roehrer E, et al. Design of a consumer mobile health app for heart failure: findings from the nurse-led co-design of
CaredmyHeart. JMIR nursing 2019; 2(1): e14633. https://doi.org/10.2196/14633

Woods LS, Duff J, Roehrer E, et al. Patients’ experiences of using a consumer mHealth app for self-management of heart failure:
mixed-methods study. JMIR human factors 2019; 6(2): €13009. https://doi.org/10.2196/13009

Nourse R, Kayser L and Maddison R. Developing Requirements for a Digital Self-Care Intervention for Adults With Heart Failure:
Qualitative Workshop Study. Journal of Medical Internet Research 2025; 27: €72589. https://doi.org/10.2196/72589

Santoso MF. Implementation of UI/UX concepts and techniques in web layout design with figma. Jurnal Teknologi Dan Sistem
Informasi Bisnis 2024; 6(2): 279-285. https://doi.org/10.47233/jteksis.v6i2.1223


https://doi.org/10.1016/j.hlc.2018.06.1042
https://doi.org/10.1016/j.hrtlng.2017.09.004
https://doi.org/10.1093/eurjcn/zvab011
https://doi.org/10.1093/eurjcn/zvab011
https://doi.org/10.1097/JCN.0000000000000447
https://doi.org/10.1002/ejhf.2008
https://doi.org/10.1002/ejhf.2008
https://doi.org/10.1016/j.hlc.2017.06.224
https://doi.org/10.1016/j.hrtlng.2014.12.003
https://doi.org/10.1097/JCN.0000000000000616
https://doi.org/10.2196/24501
https://doi.org/10.2196/16695
https://doi.org/10.1186/s12872-023-03039-8
https://doi.org/10.2196/10057
https://doi.org/10.1089/tmj.2017.0269
https://doi.org/10.2196/13259
https://doi.org/10.2196/62964
https://doi.org/10.1016/j.cct.2021.106433
https://doi.org/10.1016/j.cct.2021.106433
https://doi.org/10.2196/33839
https://doi.org/10.2196/24483
https://doi.org/10.2196/14633
https://doi.org/10.2196/13009
https://doi.org/10.2196/72589
https://doi.org/10.47233/jteksis.v6i2.1223

Daryabeygi-Khotbehsara et al. 15

31.
32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.
43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Koivumaa J. Sprint: How to Solve Big Problems and Test New Ideas in just Five Days. Simon and Schuster, 2017.

Tong A, Sainsbury P and Craig J. Consolidated criteria for reporting qualitative research (COREQ): a 32-item checklist for interviews
and focus groups. International journal for quality in health care 2007; 19(6): 349-357. https://doi.org/10.1093/intghc/mzm042
O'cathain A, Murphy E and Nicholl J. The quality of mixed methods studies in health services research. Journal of health services
research & policy 2008; 13(2): 92-98. https://doi.org/10.1258/jhsrp.2007.007074

Virzi RA. Refining the test phase of usability evaluation: how many subjects is enough? Human factors 1992; 34(4): 457-468. https://
doi.org/10.1177/001872089203400407

Nielsen J. Usability engineering. Morgan Kaufmann, 1994.

Liu S, La H, Willms A, et al. A “No-Code” app design platform for mobile health research: Development and usability study. JMIR
Formative Research 2022; 6(8): e38737. https://doi.org/10.2196/38737

Nielsen J and Landauer TK (eds). 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.

Stoyanov SR, Hides L, Kavanagh DJ, et al. Mobile app rating scale: a new tool for assessing the quality of health mobile apps. JMIR
mHealth and uHealth 2015; 3(1): e3422. https://doi.org/10.2196/mhealth.3422

Zhou L, Bao J, Setiawan IMA, et al. The mHealth app usability questionnaire (MAUQ): development and validation study. JMIR
mHealth and uHealth 2019; 7(4): e11500. https://doi.org/10.2196/11500

Maramba I, Chatterjee A and Newman C. Methods of usability testing in the development of eHealth applications: a scoping review.
International journal of medical informatics 2019; 126: 95-104. https://doi.org/10.1016/j.ijmedinf.2019.03.018

Bangor A, Kortum PT and Miller JT. An empirical evaluation of the system usability scale. Intl Journal of Human—Computer
Interaction 2008; 24(6): 574-594. https://doi.org/10.1080/10447310802205776

Brooke J. SUS-A quick and dirty usability scale. Usability evaluation in industry 1996; 189(194): 4-7.

Nielsen J and Molich R (eds). Heuristic evaluation of user interfaces. In: Proceedings of the SIGCHI conference on Human factors in
computing systems, 1990.

Reimer LM, Nissen L, von Scheidt M, et al. User-centered development of an mHealth app for cardiovascular prevention. Digital
Health 2024; 10: 20552076241249269. https://doi.org/10.1177/20552076241249269

Koumpouros Y. User-centric design methodology for mHealth apps: the PainApp paradigm for chronic pain. Technologies 2022;
10(1): 25. https://doi.org/10.3390/technologies 10010025

Greenhalgh T, Jackson C, Shaw S, etal. Achieving research impact through co-creation in community-based health services: literature
review and case study. The Milbank Quarterly 2016; 94(2): 392—429. https://doi.org/10.1111/1468-0009.12197

Varsi C, Solberg Nes L, Kristjansdottir OB, et al. Implementation strategies to enhance the implementation of eHealth programs for
patients with chronic illnesses: realist systematic review. Journal of medical internet research2019;21(9): €14255. https://doi.org/10.
2196/14255

Kitsiou S, Pare G and Jaana M. Systematic reviews and meta-analyses of home telemonitoring interventions for patients with chronic
diseases: a critical assessment of their methodological quality. Journal of Medical Internet Research 2013; 15(7): €2770. https://doi.
org/10.2196/jmir.2770

Inglis SC, Clark RA, Dierckx R, et al. Structured telephone support or non-invasive telemonitoring for patients with heart failure.
Cochrane Database of Systematic Reviews 2015; 2015(10): CD007228. https://doi.org/10.1002/14651858.CD007228.pub3
Barbaric A, Munteanu C, Ross H, et al. Design of a patient voice app experience for heart failure management: usability study. JMIR
Formative Research 2022; 6(12): e41628. https://doi.org/10.2196/41628

Barbaric A, Munteanu C, Ross H, et al. A voice app design for heart failure self-management: proof-of-concept implementation study.
JMIR Formative Research 2022; 6(12): e40021. https://doi.org/10.2196/40021

Brahmbhatt DH, Ross HJ, O’Sullivan M, et al. The effect of using a remote patient management platform in optimizing guideline-
directed medical therapy in heart failure patients: a randomized controlled trial. Heart Failure 2024; 12(4): 678—690. https://doi.org/
10.1016/j.jchf.2024.02.008

El-Dassouki N, Pfisterer K, Benmessaoud C, et al. The value of technology to support dyadic caregiving for individuals living with
heart failure: qualitative descriptive study. Journal of Medical Internet Research 2022;24(9): e40108. https://doi.org/10.2196/40108
Gani I, Litchfield I, Shukla D, et al. Understanding “Alert Fatigue” in Primary Care: Qualitative Systematic Review of General
Practitioners Attitudes and Experiences of Clinical Alerts, Prompts, and Reminders. Journal of Medical Internet Research 2025;27:
€62763. https://doi.org/10.2196/62763

Nahum-Shani I, Smith SN, Spring BJ, et al. Just-in-time adaptive interventions (JITAIs) in mobile health: key components and design
principles for ongoing health behavior support. Annals of Behavioral Medicine 2018; 52(6): 446—462. https://doi.org/10.1007/
$12160-016-9830-8

YuC,XianY,Jing T, et al. More patient-centered care, better healthcare: the association between patient-centered care and healthcare
outcomes in inpatients. Frontiers in Public Health 2023; 11: 1148277. https://doi.org/10.3389/fpubh.2023.1148277


https://doi.org/10.1093/intqhc/mzm042
https://doi.org/10.1258/jhsrp.2007.007074
https://doi.org/10.1177/001872089203400407
https://doi.org/10.1177/001872089203400407
https://doi.org/10.2196/38737
https://doi.org/10.2196/mhealth.3422
https://doi.org/10.2196/11500
https://doi.org/10.1016/j.ijmedinf.2019.03.018
https://doi.org/10.1080/10447310802205776
https://doi.org/10.1177/20552076241249269
https://doi.org/10.3390/technologies10010025
https://doi.org/10.1111/1468-0009.12197
https://doi.org/10.2196/14255
https://doi.org/10.2196/14255
https://doi.org/10.2196/jmir.2770
https://doi.org/10.2196/jmir.2770
https://doi.org/10.1002/14651858.CD007228.pub3
https://doi.org/10.2196/41628
https://doi.org/10.2196/40021
https://doi.org/10.1016/j.jchf.2024.02.008
https://doi.org/10.1016/j.jchf.2024.02.008
https://doi.org/10.2196/40108
https://doi.org/10.2196/62763
https://doi.org/10.1007/s12160-016-9830-8
https://doi.org/10.1007/s12160-016-9830-8
https://doi.org/10.3389/fpubh.2023.1148277

16

DIGITAL HEALTH 12

57.

58.

59.

60.

61.

Bangor A, Kortum P and Miller J. Determining what individual SUS scores mean: Adding an adjective rating scale. Journal of
usability studies 2009; 4(3): 114-123.

Heart T and Kalderon E. Older adults: are they ready to adopt health-related ICT? International journal of medical informatics 2013;
82(11): e209—e231. https://doi.org/10.1016/j.ijmedinf.2011.03.002

Vaportzis E, Giatsi Clausen M and Gow AlJ. Older adults perceptions of technology and barriers to interacting with tablet computers: a
focus group study. Frontiers in psychology 2017; 8: 1687. https://doi.org/10.3389/fpsyg.2017.01687

Matthew-Maich N, Harris L, Ploeg J, et al. Designing, implementing, and evaluating mobile health technologies for managing
chronic conditions in older adults: a scoping review. JMIR mHealth and uHealth 2016; 4(2): e5127. https://doi.org/10.2196/
mhealth.5127

Peek ST, Wouters EJ, Van Hoof J, et al. Factors influencing acceptance of technology for aging in place: a systematic review.
International journal of medical informatics 2014; 83(4): 235-248. https://doi.org/10.1016/j.ijmedinf.2014.01.004


https://doi.org/10.1016/j.ijmedinf.2011.03.002
https://doi.org/10.3389/fpsyg.2017.01687
https://doi.org/10.2196/mhealth.5127
https://doi.org/10.2196/mhealth.5127
https://doi.org/10.1016/j.ijmedinf.2014.01.004

