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Abstract

Well-documented scientific evidence indicates that mobile health (mHealth) apps can improve the quality of life, relieve symptoms,
and restore health for patients. In addition to improving patients’ health outcomes, mHealth apps reduce health care use and the
cost burdens associated with disease management. Currently, patients and health care providers have a wide variety of choices
among commercially available mHealth apps. However, due to the high resource costs and low user adoption of mHealth apps,
the cost-benefit relationship remains controversial. When compared to traditional expert-driven approaches, applying
human-centered design (HCD) may result in more useable, acceptable, and effective mHealth apps. In this paper, we summarize
current HCD practices in mHealth development studies and make recommendations to improve the sustainability of mHealth.
These recommendations include consideration of factors regarding culture norms, iterative evaluations on HCD practice, use of
novelty in mHealth app, and consideration of privacy and reliability across the entire HCD process. Additionally, we suggest a
sociotechnical lens toward HCD practices to promote the sustainability of mHealth apps. Future research should consider
standardizing the HCD practice to help mHealth researchers and developers avoid barriers associated with inadequate HCD
practices.
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Introduction

Mobile health (mHealth) is defined by the World Health
Organization [1] as the practice of medical and public health
supported by mobile devices [2]. As smartphone use becomes
ubiquitous, the increasing popularity of mHealth apps is not
surprising. mHealth apps can address many limitations of
traditional medicine. For example, mHealth apps can monitor
real-time conditions, assess progress, improve communication,
detect illness, help prevent disease exacerbations, manage and
track chronic disease, and deliver therapeutic interventions at

a convenient time to the patient [3-5]. Additionally, mHealth
apps are increasingly used to reduce the burden of disease linked
with poverty [6]. Most recently, the COVID-19 pandemic has
intensified the focus of the development of mHealth apps [7]
potentially due to quarantine policies and the large amount of
health resources allocated to COVID-19 prevention and
treatment [8]. Currently, patients and health care providers (HPs)
have a wide variety of choices among commercially available
mHealth apps. However, the cost-benefit appraisal of mHealth
apps has sparked debate due to the high cost of resources and
well-documented low acceptance by users [9]. Many mHealth

JMIR Form Res 2023 | vol. 7 | e45694 | p. 1https://formative.jmir.org/2023/1/e45694
(page number not for citation purposes)

An et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

mailto:qingfan.an@umu.se
http://dx.doi.org/10.2196/45694
http://www.w3.org/Style/XSL
http://www.renderx.com/


apps are thought to lack a rigorous research process to back up
their intervention efficacy, which may explain their low
acceptance [10]. Furthermore, most research has focused on the
technology rather than the service delivery and app content from
the user’s perspective [11]. Most mHealth apps created from
existing structures of health care systems or based on behavior
change theories are assumed to be “one-size-fits-all”
interventions [12]. Such apps often lack resultful end-user
inputs, which may not be as effective as those that have users
in mind [9,13-15]. Emerging research suggests that
human-centered design (HCD) in mHealth can help address
patient needs in the development process, which could improve
user acceptance. mHealth is also expected to show effectiveness
in improving patient outcomes if mHealth apps are sustained
with long-term and regular use. The sustainability of mHealth
use is a long-lasting issue. A need exists for guidance in the
development of sustainable mHealth apps [16] as currently no
standardized HCD guidance exists for mHealth app developers.
mHealth studies provided limited or scattered reports on their
HCD practices. There is still a lack of consensus regarding the
HCD practice when developing mHealth apps [17]. A discussion
on evidence-informed or evidence-based HCD practice could
aid in the sustainability of mHealth development. By
evidence-informed or evidence-based HCD practice, they can
be interpreted differently in various disciplines. To clarify, this
study attempts to investigate pathways to evidence-informed
or evidence-based HCD, which is primarily concerned with
synthesizing the best-reflective HCD practices. The purpose of
this paper is to summarize current HCD practices in mHealth
studies and present recommendations supported by a literature
review of HCD practice in mHealth research and the reflection
from our HCD research experience [18,19]. We hope this paper
will inform future research and development of sustainable
mHealth apps.

The Definition of HCD and Its Use to
Improve mHealth Adoption

When compared to traditional design methods, incorporating
HCD into research methods resulted in more usable, acceptable,
and effective health care interventions [20,21]. Numerous
definitions of HCD exist and are often specific to the targeted
field using HCD [22]. The commonly used International
Standardization Organization (ISO) standard ISO 9241-210
[23] definition for HCD suggests that “the human-centered
design approach to system’s design and development aims to
make interactive systems more usable by focusing on the use
of the system and applying human factors/ergonomics and
usability knowledge and techniques.” This definition prioritizes
building empathy with the target group before attempting to
alter or improve their behavior through design improvements
[24]. Using HCD and addressing the above requirements afford
designers and developers much useful design knowledge to
improve the likelihood of mHealth app adoption. HCD differs
from user-centered design [25]. The term “user” evolved and
was replaced by “human” to humanize the process and
emphasize and evoke empathy in the design process [26].
However, in some mHealth studies, the terms “HCD” and
“user-centered design” are used interchangeably [27].

Incorporating Theories and Frameworks
in the HCD Practice

The Medical Research Council [28] recommends incorporating
stakeholder involvement and the use of theory into the process
of complex health intervention development [28]. Various
theories and frameworks have been incorporated into HCD
practices to develop mHealth apps. These theories are used to
address specific aspects of mHealth and have been empirically
validated through case studies. The Information Systems
Research [29,30], for example, which is developed based on
design science and behavior science, has been incorporated as
a sociotechnical theory. According to Farao et al [29], current
barriers to HCD implementation in health care include
combining the needs of end users, HPs, and researchers;
differences in approaches taken by designers and researchers;
and a lack of evidence from studies that include HCD as a
methodology. Importantly, Information Systems Research may
improve the use of HCD in the mHealth development process
by focusing on rigorous research and data analysis from various
sources, accommodating researchers and end-user requirements,
and its widespread application in other areas of design [29].
Additionally, Curtis et al [31] synthesized that, while theories
and models of behavior change have been used in conjunction
with an intervention development framework to develop health
interventions, the context in which behavior occurs, reflective
process, and explainable change are not specified. To address
these challenges, the behavior change wheel framework, a
theoretical approach based on the capability opportunity
motivation behavior model, was used in conjunction with the
HCD concept to develop mHealth apps [31]. The capability
opportunity motivation behavior model determines which
components must be altered in order for the desired behavior
to occur [31]. Another theoretical approach, by Patel and Arya
[32], is social marketing, which examines the audience’s
perspectives by incorporating product, price, location, and
promotion aspects, all of which are important factors to consider
when developing mHealth apps. They created the behavior
change theories, user-centered design, and social marketing
framework by combining behavior change theories, social
marketing, and HCD in order to increase the acceptance of
design outcomes [32]. In addition to those theories and
frameworks that have been incorporated and demonstrated in
cases, research also suggests that implementation science could
contribute to enhancing the rigor of HCD by incorporating its
frameworks, measures, and study designs into the
implementation phase of the HCD process [33].

Common Methods Used in Current HCD
Practice

Currently, there are no standardized HCD processes, and HCD
practices are reported inconsistently in mHealth studies
[29,32,34]. However, similarities exist in these HCD practices.
Based on the definition and guiding principles of HCD
[23,35-38], we synthesized four major HCD phases commonly
referenced in mHealth studies: (1) needs assessment, (2) design
and development, (3) laboratory evaluation, and (4) field
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evaluation. HCD practices have different reporting priorities
depending on the research context, with many only reporting
on one of the last 2 phases. Various methods were used to assist
data collection and analysis in each of these 4 HCD phases. In
addition, mixed methods are commonly reported [39]. Often,
qualitative research methods are used in the first 2 HCD phases,
while mixed methods are usually applied in the third or fourth
HCD phases. In Table 1, we summarize the methods used in
each HCD phase. Qualitative data collection methods, useful

at any stage of the HCD process, included interviews, focus
groups, observation, and think-aloud techniques. Quantitative
approaches, on the other hand, were more frequently used in
the final stages of laboratory and field evaluations. Overall, the
most commonly reported methods were self-report
questionnaires, such as the poststudy system usability
questionnaire [29], the mHealth app usability questionnaire
[40], and self-report questionnaires on health outcomes.

Table 1. Research methods used at 4 stages.

Research methodsStages

Observation [29], focus group discussion [31,41], questionnaire [34], persona [34], scenario [34], workshop [42], and
qualitative interview

Need assessment

Workshop [42] and member check [42]Design and development

Focus group discussion [29], workshop [42], observation [29], think-aloud [29], and self-report questionnaires measuring

the usability of mHealth, such as the PSSUQa [29] and the MAUQb [40]

Laboratory evaluation

Self-report questionnaires measuring health outcomes, such as the Diabetes Family Responsibility Questionnaire [41]Field evaluation

aPSSUQ: poststudy system usability questionnaire.
bMAUQ: mHealth app usability questionnaire.

Not surprisingly, mHealth studies used traditional methods that
have been widely used in health care research involving patients
and HPs. Most HCD studies in mHealth development relied
excessively on traditional interviews and focus groups. Both
techniques are well suited to pose direct questions but have a
limited ability to elicit tacit knowledge [43]. Playing it safe and
developing interventions that funders can relate to are more
important for applying funding for the intervention development
process rather than innovative interventions that require new
ways of thinking [44]. However, as mHealth interventions face
adoption, efficacy, and sustainability challenges, more dynamic
approaches tailored to each mHealth project, as well as more
creative methods for improving interaction with end users and
other stakeholders, may be needed for mHealth apps to succeed
[43].

Gaps in Current HCD Practice in
Achieving Long-Term Efficacy for
mHealth Apps

A review of the HCD practice literature specific to mHealth
app development indicates five constraints associated with the
long-term efficacy of mHealth apps: (1) limited coherence, (2)
lack of considerations for long-term viability, (3) undefined
measurement, (4) long development time, and (5) publication
bias.

Limited Coherence
Coherence is the degree of consistency when HCD practice is
enforced when developing a mHealth app. The incorporation
of HCD into the development of mHealth apps necessitates the
use of other theories, but they have not yet been developed
methodically [29,45,46]. The lack of a theoretical foundation
leads to a lack of systematic design procedure, resulting in
internally recurrent errors and inefficiency across HCD practices
[47]. Many practices have been carried out with the goal of

investigating the feasibility of incorporating various theories or
theoretical frameworks; however, no follow-up studies have
been conducted to provide additional evidence. Limited research
exists to address this coherence concern.

Lack of Considerations for Long-Term Viability
Another major concern is the lack of long-term viability of
mHealth apps developed through HCD practice partially due
to a different interpretation of outcomes between the design and
the public health perspective [27]. For instance, the resulting
mHealth app to improve public health may be considered an
outcome from a design standpoint, but it is not considered a
health outcome from a public health standpoint, where the key
outcome of interest is the app’s impact on public health [27].
HCD practice is frequently evaluated through short-term
usability testing or short-term feasibility study of design
solutions [48]. However, existing mHealth design literature
focuses heavily on short-term behavior changes [29] and
overlooks long-term usage [48]. Based on the anticipated usage
of mHealth apps in lifestyle management, disease management,
and even self-diagnosis, desired outcomes are unlikely to be
achieved with short-term usage. Emerging research conducted
to determine the psychological factors influencing the continued
use of mHealth apps emphasizes that the resultful input from
users’ perspective is needed in the HCD process to design a
long-term mHealth solution [49-51].

Undefined Measurement
Challenges exist in defining and then selecting measures of
success in design outcomes. During the HCD evaluation phase,
randomized controlled trials (RCTs) and usability testing may
not be sufficient to validate the success of a mHealth app as
there are often multiple indirect outcomes that cannot be easily
quantified and aggregated (ie, learning and behavioral changes)
[52]. Additionally, one-time success is unlikely to provide
evidence of the impact on long-term health outcomes. Before
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adopting a mHealth app, public health and health care
practitioners and users usually desire RCT-based evidence that
demonstrates the intervention’s effectiveness [44]. However, a
conflict often exists between creating an intervention that could
be evaluated in an RCT and creating an intervention that can
be used in the real-world; efficacy in an RCT often differs from
effectiveness in a real-world setting [44].

Long Development Time
New forms of technology are constantly emerging, and mobile
technology is evolving quickly. Meanwhile, valid and reliable
mHealth development is always time-consuming, especially
the development process with users involved. Therefore,
designed mHealth apps should be released in the future, which
means they exist outside of the understanding of technology
and user paradigms at the time of the HCD process. This can
be problematic. Potential solutions for the development team
include speculative design, which involves imagining life in
the future to create a better-fitting design [53]. However,
technology is the result of complex social changes that are
difficult to predict. To engage participants in the critical
exploration of future technology’s role, forms, and behaviors,
creative methods such as user enactment and provotypes were
developed and used [54,55]. However, there are still limitations
as there is insufficient practice to support speculative methods.
More appropriate technology may be developed after the start
of the HCD process but before the implementation of mHealth
apps, making mHealth less competitive, but the upfront
investment is massive.

Publication Bias
Positive results are more likely to be reported or published,
implying publication bias [27]; and this is true in mHealth app
development using HCD practice as well. We lack an equal
amount of data on the facilitating and inhibiting factors of HCD
practice to determine how to make a mHealth solution work.
Publication bias limits our ability to learn from and avoids
mistakes.

Recommendations for Developing
Sustainable mHealth Apps

Overview
We reviewed the current HCD practices in mHealth studies and
identified interconnected gaps that indicate a lack of
comprehensive HCD practices. These gaps in reported HCD
practice of mHealth development lead to poor adoption rates
and a lack of long-term sustainability. Here, we provide 5
recommendations for future mHealth studies with the goal of
developing sustainable mHealth apps using HCD. The
recommendations aimed to address the identified gaps and
explore the potential of HCD in addressing prevalent challenges
with mHealth sustainability. This viewpoint attempts to
encourage a discussion toward evidence-informed or
evidence-based HCD practice in mHealth development, which
can then help address existing gaps in science.

Consideration of Factors Regarding Culture Norms
Because mHealth design solutions from HCD practice are
typically localized, lifestyle-focused, and are part of a system
solution, “culture norms” must be considered [56]. In support
of this assertion, the digital behavior change intervention
framework, for example, stated that cultural norms are an
important attribute that influences engagement with digital
behavior change interventions by creating different contexts
[57]. Current HCD practice in mHealth studies is overly focused
on behavior, which might lead to an overlook of how it links
to cultural context. Hofstede [58] defined culture as “the
collective programming of the mind which distinguishes the
members of one human group from another,” and provides 6
dimensions for explaining culture, namely, power distance
index, individualism, uncertainty avoidance index, masculinity,
long-term orientation, and indulgence versus restraint. In HCD
practice, the user needs may be assessed along with these 6
dimensions, particularly when researchers and stakeholders
come from different cultural backgrounds. Including cultural
aspects helps the mHealth app integration into existing local
infrastructure and organizational workflows and results in a
more feasible design solution [59]. Cultural aspects have been
proven to be an important technology acceptance factor because
of their impact on perceived usefulness and perceived ease of
use within the technology acceptance model [60]. Research also
suggests that behavioral change models including technology
acceptance models tend to differ across cultures [61].
Understanding how cultural values influence users’ acceptance
of technology is critical for technology designers [47]. Taking
cultural norms into account also aids in determining the best
manner to communicate with participants during the data
collection process of HCD practice [62].

Iterative Evaluations on HCD Practice
Evaluation of the HCD process and participant experience is
just as critical as evaluation of the design solution. However, it
is largely unexplored [17]. When building a mHealth app,
Bartlett et al [17] analyzed HCD practice and provided useful
insights for advanced HCD practice, revealing the importance
of HCD practice evaluation. Because HCD practice is iterative,
and the data collecting point occurs more than once, it is critical
to update the techniques used and conduct process validity
throughout the entire HCD practice. We advocate incorporating
process validity and satisfaction assessment throughout the
HCD practice. Methods such as member checks [63], diary
studies [64], focus groups, and questionnaires are suggested.

Use of Novelty in mHealth App
Novelty is an important aspect to address since lost interest is
one of the reasons why the majority of users do not use such
apps frequently and may even stop using them for a short time
[65]. Gamification, defined as the application of game design
features in nongaming circumstances [66], is an effective way
to rekindle interest and boost user engagement and has been
validated as effective in hypertension-monitoring mHealth app
[67]. The theory goes that if interventionists can isolate the
active ingredients that make games addictive, they can use them
to make digital technologies addictive as well [68]. Because the
appropriate gamification differs depending on the target

JMIR Form Res 2023 | vol. 7 | e45694 | p. 4https://formative.jmir.org/2023/1/e45694
(page number not for citation purposes)

An et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


audience and surroundings, the HCD process has the potential
to address the key gamification elements for various mHealth
contexts. Existing gamification for mHealth includes points,
medals, and leaderboards as achievement or progression-oriented
gamification elements and social networking as a social-oriented
gamification element that can leverage the functions of
friending, commenting, and sharing experiences [69]. More
research is being performed on creating and deploying
gamification design frameworks [70]. It was suggested that
HCD can benefit from gamification in sequential work processes
[69] and thus enhance mHealth adoption and sustainability.

Consideration of Privacy and Reliability
Various studies have raised concerns about the quality of
mHealth apps, especially the credibility of the medical
information in the apps, because some mHealth app development
may be driven by developers without professional medical
expertise [71]. One of the consequences of unsubstantiated
medical information circulation is “infodemic,” defined as “too
much information including false or misleading information in
digital and physical environments during a disease outbreak
which causes confusion and risk-taking behaviors that can harm
health” [72]. Same problems arose in mHealth studies using
HCD as well. The removal of arbitrary participation of HPs
leads to some debate on the reliability of mHealth apps. Some
HCD research fails to disclose methods for ensuring up-to-date
medical information. HPs and researchers may have a
preponderance to have the initiatives on mHealth development
to deliver evidence-based care due to their specialized
knowledge, networks in the relevant field, and hands-on clinical
experience. This is not in opposition to the concept of HCD;
rather, the emphasis here is to argue that HPs and researchers
are in the best position to organize HCD projects in developing
mHealth because the content provided in mHealth apps is
critical. HPs and researchers may be able to advance the process
of “research into practice,” which is converting promising
interventions in clinical research into health care practice [73].

Aside from information reliability, data privacy and security
are also of concern. In a cross-sectional analysis of 36
top-ranked apps for depression and smoking cessation available
in public app stores, 29 transmitted data to Facebook or Google,
but only 12 accurately disclosed this in a privacy policy [74].
Moreover, it is stated that some mHealth policies were
developed without references, implying that they are not based
on current scientifically obtained facts [75]. This may reflect
the power constraint between the municipal, regional, and
central levels [75]. Currently, very few studies mentioned that
their mHealth apps comply with policies at the national and
international levels, resulting in even fewer HCD studies
describing how they adhere to current regulations during the
design and evaluation phases [76]. Reporting how the HCD
project complied with national and international policies for the
development of mHealth is essential as it is needed to move
forward evidence-based mHealth policies and provide mHealth
users a reliable environment.

Integration of a Sociotechnical Lens
Emery and Trist [77] coined the term sociotechnical systems
(STSs) to describe work systems that involve a complex
interaction among humans, machines, and the surrounding
environment. mHealth apps exist within a complex STS,
including a diverse group of people (eg, patients, nurses, and
physicians) working with various integrated technologies (eg,
mHealth apps and electronic health records) in a dynamic
physical and organizational environment [78]. STS emphasizes
the involvement of people in the system and focuses on
improving the machine-human relationship. Both HCD and
STS share the concept of being human-centered, but HCD tends
to lead to overreliance on end user input [43], which explains
why using the STS lens to demonstrate HCD practice could be
beneficial. As van Velsen et al [43] suggested, end user input
is commendable, but they are only a subset of the people who
should be heard during mHealth design. Ideally, every
development team can be seen as an organization [79]. As
technology evolves and health care improves, an organization’s
ability to adapt to and influence a changing environment
determines its sustainability [79]. Because the HCD process is
iterative, changes to the work plan occur frequently throughout
the development process. Developing a sociotechnical lens to
demonstrate HCD practice helps formulate an integrated change
strategy.

In Figure 1, we propose a new HCD process with a
sociotechnical lens based on an adaptation of Leavitt’s [80]
sociotechnical model. By considering the development team as
an organization, prior reporting aspects in different phases of
HCD practice are located on the 4 dimensions (ie, structure,
task, technology, and people). Outside the organizational basis,
the external environment includes pluralistic knowledge
translation [81], data exchange among institutions, and policy
considerations prior to action, all of which need to be considered
in the course of the HCD practice. Pluralistic knowledge
translation is a dynamic and iterative process that aims to
improve the use and usefulness of research in practice [72,82].
The goal of data exchange is to maximize data efficiency while
adhering to regulations. Policy and regulations in the field of
mHealth development, as well as related fields, should be
consulted as early as possible and, if necessary, throughout the
process. Additionally, mHealth development may benefit from
the concept of sociotechnical imaginaries, which in this case is
to envision the compelling future for sustainably developing
mHealth initiatives in the STS. Jasanoff and Kim [83] define
“sociotechnical imaginaries” as “collectively held, institutionally
stabilized, and publicly performed visions of desirable futures,
animated by shared understanding of forms of social life and
social order attainable through, and supportive of, advances in
science and technology.” To date, few rigorous research
publications have examined the social, cultural, or political
ramifications of eHealth tools. This paper may contribute to the
generation of imaginaries of mHealth development and then
meanwhile may help to address the development time limitation
by conceiving futures.
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Figure 1. Human-centered design process integrated with a sociotechnical lens.

Conclusions

mHealth apps have been widely developed and have proven
successful, in some instances, in improving patient outcomes
and quality of life. However, low adoption and sustainability
are known challenges for mHealth apps. In this paper, we
reviewed and synthesized the current HCD literature focused
on mHealth app development and identified the gaps in current

mHealth studies. We offer 5 recommendations for future HCD
practice to develop sustainable mHealth apps, which can
potentially address the gaps mentioned and contribute to the
sustainability of mHealth apps. In particular, a new HCD process
with a sociotechnical lens was proposed, which illustrates the
integration of HCD phases with an STS in mind. Future research
should consider standardizing the HCD practices to help
mHealth researchers and developers avoid barriers associated
with inadequate HCD practices.

Conflicts of Interest
None declared.

References

1. mHealth: new horizons for health through mobile technologies: second global survey on eHealth. WHO Global Observatory
for eHealth. 2011. URL: https://apps.who.int/iris/handle/10665/44607 [accessed 2023-07-19]

2. Wood CS, Thomas MR, Budd J, Mashamba-Thompson TP, Herbst K, Pillay D, et al. Taking connected mobile-health
diagnostics of infectious diseases to the field. Nature 2019;566(7745):467-474 [FREE Full text] [doi:
10.1038/s41586-019-0956-2] [Medline: 30814711]

3. Kim H, Lee SH, Cho NB, You H, Choi T, Kim J. User-dependent usability and feasibility of a swallowing training mHealth
app for older adults: mixed methods pilot study. JMIR Mhealth Uhealth 2020;8(7):e19585 [FREE Full text] [doi:
10.2196/19585] [Medline: 32663161]

JMIR Form Res 2023 | vol. 7 | e45694 | p. 6https://formative.jmir.org/2023/1/e45694
(page number not for citation purposes)

An et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://apps.who.int/iris/handle/10665/44607
https://www.nature.com/articles/s41586-019-0956-2
http://dx.doi.org/10.1038/s41586-019-0956-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30814711&dopt=Abstract
https://mhealth.jmir.org/2020/7/e19585/
http://dx.doi.org/10.2196/19585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32663161&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


4. Korpershoek YJG, Vervoort SCJM, Trappenburg JCA, Schuurmans MJ. Perceptions of patients with chronic obstructive
pulmonary disease and their health care providers towards using mHealth for self-management of exacerbations: a qualitative
study. BMC Health Serv Res 2018;18(1):757 [FREE Full text] [doi: 10.1186/s12913-018-3545-4] [Medline: 30286761]

5. Woldeyohannes HO, Ngwenyama OK. Factors influencing acceptance and continued use of mHealth apps. 2017 Presented
at: HCI in Business, Government and Organizations. Interacting With Information Systems. HCIBGO 2017; July 9-14,
2017; Vancouver, BC, Canada p. 239-256 [doi: 10.1007/978-3-319-58481-2_19]

6. Gurman TA, Rubin SE, Roess AA. Effectiveness of mHealth behavior change communication interventions in developing
countries: a systematic review of the literature. J Health Commun 2012;17(Suppl 1):82-104 [doi:
10.1080/10810730.2011.649160] [Medline: 22548603]

7. Yoon S, Goh H, Nadarajan GD, Sung S, Teo I, Lee J, et al. Perceptions of mobile health apps and features to support
psychosocial well-being among frontline health care workers involved in the COVID-19 pandemic response: qualitative
study. J Med Internet Res 2021;23(5):e26282 [FREE Full text] [doi: 10.2196/26282] [Medline: 33979296]

8. Barker RE, Brighton LJ, Maddocks M, Nolan CM, Patel S, Walsh JA, et al. Integrating home-based exercise training with
a hospital at home service for patients hospitalised with acute exacerbations of COPD: developing the model using accelerated
experience-based co-design. Int J Chron Obstruct Pulmon Dis 2021;16:1035-1049 [FREE Full text] [doi:
10.2147/COPD.S293048] [Medline: 33907391]

9. Degavre F, Kieffer S, Bol D, Dekimpe R, Desterbecq C, Pirson T, et al. Searching for sustainability in health systems:
toward a multidisciplinary evaluation of mobile health innovations. Sustainability 2022;14(9):5286 [FREE Full text] [doi:
10.3390/su14095286]

10. Larson RS. A path to better-quality mHealth apps. JMIR Mhealth Uhealth 2018;6(7):e10414 [FREE Full text] [doi:
10.2196/10414] [Medline: 30061091]

11. Jung ML, Berthon P. Fulfilling the promise: a model for delivering successful online health care. J Med Mark Device Diagn
Pharm Mark 2009;9(3):243-254 [doi: 10.1057/jmm.2009.26]

12. Leask CF, Sandlund M, Skelton DA, Altenburg TM, Cardon G, Chinapaw MJM, GrandStand, Safe Step and Teenage Girls
on the Move Research Groups. Framework, principles and recommendations for utilising participatory methodologies in
the co-creation and evaluation of public health interventions. Res Involv Engagem 2019;5(1):2 [FREE Full text] [doi:
10.1186/s40900-018-0136-9] [Medline: 30652027]

13. Verhoeven F, Tanja-Dijkstra K, Nijland N, Eysenbach G, van Gemert-Pijnen L. Asynchronous and synchronous
teleconsultation for diabetes care: a systematic literature review. J Diabetes Sci Technol 2010;4(3):666-684 [FREE Full
text] [doi: 10.1177/193229681000400323] [Medline: 20513335]

14. Luxford K, Safran DG, Delbanco T. Promoting patient-centered care: a qualitative study of facilitators and barriers in
healthcare organizations with a reputation for improving the patient experience. Int J Qual Health Care 2011;23(5):510-515
[FREE Full text] [doi: 10.1093/intqhc/mzr024] [Medline: 21586433]

15. Blandford A. HCI for health and wellbeing: challenges and opportunities. Int J Hum Comput Stud 2019;131:41-51 [doi:
10.1016/j.ijhcs.2019.06.007]

16. Choukou MA. Sustainability of mHealth solutions for healthcare system strengthening. In: Syed-Abdul S, Zhu X,
Fernandez-Luque L, editors. Digital Health: Mobile and Wearable Devices for Participatory Health Applications. Amsterdam:
Elsevier; 2021:171-189

17. Bartlett R, Boyle JA, Smith JS, Khan N, Robinson T, Ramaswamy R. Evaluating human-centred design for public health:
a case study on developing a healthcare app with refugee communities. Res Involv Engagem 2021;7(1):32 [FREE Full
text] [doi: 10.1186/s40900-021-00273-2] [Medline: 34053451]

18. An Q, Kelley MM, Yen PY. Using experience-based co-design to develop mHealth app for digital pulmonary rehabilitation
management of patients with chronic obstructive pulmonary disease (COPD). In: Communications in Computer and
Information Science. Birkhäuser Verlag AG: Springer International Publishing; 2021:125-133

19. An Q, Kelley MM, Yen PY. Stakeholder mapping on the development of digital health interventions for self-management
among patients with chronic obstructive pulmonary disease in China. Stud Health Technol Inform 2022;290:1106-1107
[doi: 10.3233/SHTI220290] [Medline: 35673228]

20. Altman M, Huang TTK, Breland JY. Design thinking in health care. Prev Chronic Dis 2018;15(180128):E117 [FREE Full
text] [doi: 10.5888/pcd15.180128] [Medline: 30264690]

21. Yardley L, Morrison L, Bradbury K, Muller I. The person-based approach to intervention development: application to
digital health-related behavior change interventions. J Med Internet Res 2015;17(1):e30 [FREE Full text] [doi:
10.2196/jmir.4055] [Medline: 25639757]

22. Baker FW, Moukhliss S. Concretising design thinking: a content analysis of systematic and extended literature reviews on
design thinking and human-centred design. Rev Educ 2019;8(1):305-333 [doi: 10.1002/rev3.3186]

23. ISO 9241-210:2019 Internet. ISO. 2019. URL: https://www.iso.org/standard/77520.html [accessed 2021-11-30]
24. Design Kit. URL: https://www.designkit.org/ [accessed 2021-11-04]
25. Norman DA. User Centered System Design: New Perspectives on Human-Computer Interaction. 1st Edition. London,

England: Taylor & Francis; 1986.

JMIR Form Res 2023 | vol. 7 | e45694 | p. 7https://formative.jmir.org/2023/1/e45694
(page number not for citation purposes)

An et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-018-3545-4
http://dx.doi.org/10.1186/s12913-018-3545-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30286761&dopt=Abstract
http://dx.doi.org/10.1007/978-3-319-58481-2_19
http://dx.doi.org/10.1080/10810730.2011.649160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22548603&dopt=Abstract
https://www.jmir.org/2021/5/e26282
http://dx.doi.org/10.2196/26282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33979296&dopt=Abstract
https://www.dovepress.com/integrating-home-based-exercise-training-with-a-hospital-at-home-servi-peer-reviewed-fulltext-article-COPD
http://dx.doi.org/10.2147/COPD.S293048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33907391&dopt=Abstract
https://www.mdpi.com/2071-1050/14/9/5286
http://dx.doi.org/10.3390/su14095286
https://mhealth.jmir.org/2018/7/e10414/
http://dx.doi.org/10.2196/10414
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30061091&dopt=Abstract
http://dx.doi.org/10.1057/jmm.2009.26
https://researchinvolvement.biomedcentral.com/articles/10.1186/s40900-018-0136-9
http://dx.doi.org/10.1186/s40900-018-0136-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30652027&dopt=Abstract
https://journals.sagepub.com/doi/epdf/10.1177/193229681000400323
https://journals.sagepub.com/doi/epdf/10.1177/193229681000400323
http://dx.doi.org/10.1177/193229681000400323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20513335&dopt=Abstract
https://academic.oup.com/intqhc/article/23/5/510/1864420?login=false
http://dx.doi.org/10.1093/intqhc/mzr024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21586433&dopt=Abstract
http://dx.doi.org/10.1016/j.ijhcs.2019.06.007
https://researchinvolvement.biomedcentral.com/articles/10.1186/s40900-021-00273-2
https://researchinvolvement.biomedcentral.com/articles/10.1186/s40900-021-00273-2
http://dx.doi.org/10.1186/s40900-021-00273-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34053451&dopt=Abstract
http://dx.doi.org/10.3233/SHTI220290
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35673228&dopt=Abstract
https://www.cdc.gov/pcd/issues/2018/18_0128.htm
https://www.cdc.gov/pcd/issues/2018/18_0128.htm
http://dx.doi.org/10.5888/pcd15.180128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30264690&dopt=Abstract
https://www.jmir.org/2015/1/e30/
http://dx.doi.org/10.2196/jmir.4055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25639757&dopt=Abstract
http://dx.doi.org/10.1002/rev3.3186
https://www.iso.org/standard/77520.html
https://www.designkit.org/
http://www.w3.org/Style/XSL
http://www.renderx.com/


26. Baron-Cohen S. Zero Degrees of Empathy: A New Theory of Human Cruelty and Kindness. Harlow, England: Penguin
Books; 2012.

27. Bazzano AN, Martin J, Hicks E, Faughnan M, Murphy L. Human-centred design in global health: a scoping review of
applications and contexts. PLoS One 2017;12(11):e0186744 [FREE Full text] [doi: 10.1371/journal.pone.0186744] [Medline:
29091935]

28. MRC. Developing and evaluating complex interventions. UKRI. URL: https://mrc.ukri.org/documents/pdf/
complex-interventions-guidance/ [accessed 2022-03-07]

29. Farao J, Malila B, Conrad N, Mutsvangwa T, Rangaka MX, Douglas TS. A user-centred design framework for mHealth.
PLoS One 2020;15(8):e0237910 [FREE Full text] [doi: 10.1371/journal.pone.0237910] [Medline: 32813711]

30. Schnall R, Rojas M, Bakken S, Brown W, Carballo-Dieguez A, Carry M, et al. A user-centered model for designing
consumer mobile health (mHealth) applications (apps). J Biomed Inform 2016;60:243-251 [FREE Full text] [doi:
10.1016/j.jbi.2016.02.002] [Medline: 26903153]

31. Curtis KE, Lahiri S, Brown KE. Targeting parents for childhood weight management: development of a theory-driven and
user-centered healthy eating app. JMIR Mhealth Uhealth 2015;3(2):e69 [FREE Full text] [doi: 10.2196/mhealth.3857]
[Medline: 26088692]

32. Patel S, Arya M. The BUS framework: a comprehensive tool in creating an mHealth app utilizing behavior change theories,
user-centered design, and social marketing. J Mob Technol Med 2017;6(1):39-45 [FREE Full text] [doi: 10.7309/jmtm.6.1.6]
[Medline: 29104674]

33. Nilsen P. Making sense of implementation theories, models and frameworks. Implement Sci 2015;10(1):53 [FREE Full
text] [doi: 10.1186/s13012-015-0242-0] [Medline: 25895742]

34. Das A, Svanæs D. Human-centred methods in the design of an e-health solution for patients undergoing weight loss treatment.
Int J Med Inform 2013;82(11):1075-1091 [FREE Full text] [doi: 10.1016/j.ijmedinf.2013.06.008] [Medline: 23886482]

35. An introduction to design thinking process guide. Stanford d.School. URL: https://web.stanford.edu/~mshanks/MichaelShanks/
files/509554.pdf [accessed 2021-08-14]

36. Clemensen J, Rothmann MJ, Smith AC, Caffery LJ, Danbjorg DB. Participatory design methods in telemedicine research.
J Telemed Telecare 2017;23(9):780-785 [FREE Full text] [doi: 10.1177/1357633X16686747] [Medline: 28027678]

37. Simonsen J, Robertson T. Routledge International Handbook of Participatory Design. New York: Routledge; 2013.
38. IDEO.org. The Field Guide to Human-centered Design: Design Kit. San Francisco, CA: IDEO; 2015.
39. Nimmanterdwong Z, Boonviriya S, Tangkijvanich P. Human-centered design of mobile health apps for older adults:

systematic review and narrative synthesis. JMIR Mhealth Uhealth 2022;10(1):e29512 [FREE Full text] [doi: 10.2196/29512]
[Medline: 35029535]

40. Zhou L, Bao J, Setiawan IMA, Saptono A, Parmanto B. The mHealth app usability questionnaire (MAUQ): development
and validation study. JMIR Mhealth Uhealth 2019;7(4):e11500 [FREE Full text] [doi: 10.2196/11500] [Medline: 30973342]

41. Cafazzo JA, Casselman M, Hamming N, Katzman DK, Palmert MR. Design of an mHealth app for the self-management
of adolescent type 1 diabetes: a pilot study. J Med Internet Res 2012;14(3):e70 [FREE Full text] [doi: 10.2196/jmir.2058]
[Medline: 22564332]

42. Nielsen C, Agerskov H, Bistrup C, Clemensen J. User involvement in the development of a telehealth solution to improve
the kidney transplantation process: a participatory design study. Health Informatics J 2020;26(2):1237-1252 [FREE Full
text] [doi: 10.1177/1460458219876188] [Medline: 31566460]

43. van Velsen L, Ludden G, Grünloh C. The limitations of user-and human-centered design in an eHealth context and how to
move beyond them. J Med Internet Res 2022;24(10):e37341 [FREE Full text] [doi: 10.2196/37341] [Medline: 36197718]

44. Turner KM, Rousseau N, Croot L, Duncan E, Yardley L, O'Cathain A, et al. Understanding successful development of
complex health and healthcare interventions and its drivers from the perspective of developers and wider stakeholders: an
international qualitative interview study. BMJ Open 2019;9(5):e028756 [FREE Full text] [doi:
10.1136/bmjopen-2018-028756] [Medline: 31152042]

45. Good A, Omisade O. Linking activity theory with user centred design: a human computer interaction framework for the
design and evaluation of mHealth interventions. Stud Health Technol Inform 2019;263:49-63 [doi: 10.3233/SHTI190110]
[Medline: 31411152]

46. Ettinger KM, Pharaoh H, Buckman RY, Conradie H, Karlen W. Building quality mHealth for low resource settings. J Med
Eng Technol 2016;40(7-8):431-443 [doi: 10.1080/03091902.2016.1213906] [Medline: 27560713]

47. Alsswey AH, Al-Samarraie H, El-Qirem FA, Alzahrani AI, Alfarraj O. Culture in the design of mHealth UI: an effort to
increase acceptance among culturally specific groups. Electron libr 2020;38(2):257-272 [doi: 10.1108/el-04-2019-0097]

48. Kelley MM, Kue J, Brophy L, Peabody AL, Foraker RE, Yen PY, et al. Mobile health applications, cancer survivors, and
lifestyle modification: an integrative review. Comput Inform Nurs 2021;39(11):755-763 [FREE Full text] [doi:
10.1097/CIN.0000000000000781] [Medline: 34074873]

49. Wu P, Zhang R, Zhu X, Liu M. Factors influencing continued usage behavior on mobile health applications. Healthcare
(Basel) 2022;10(2):208 [FREE Full text] [doi: 10.3390/healthcare10020208] [Medline: 35206823]

50. Vaghefi I, Tulu B. The continued use of mobile health apps: insights from a longitudinal study. JMIR Mhealth Uhealth
2019;7(8):e12983 [FREE Full text] [doi: 10.2196/12983] [Medline: 31469081]

JMIR Form Res 2023 | vol. 7 | e45694 | p. 8https://formative.jmir.org/2023/1/e45694
(page number not for citation purposes)

An et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0186744
http://dx.doi.org/10.1371/journal.pone.0186744
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29091935&dopt=Abstract
https://mrc.ukri.org/documents/pdf/complex-interventions-guidance/
https://mrc.ukri.org/documents/pdf/complex-interventions-guidance/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0237910
http://dx.doi.org/10.1371/journal.pone.0237910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32813711&dopt=Abstract
https://www.sciencedirect.com/science/article/pii/S1532046416000241?via%3Dihub
http://dx.doi.org/10.1016/j.jbi.2016.02.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26903153&dopt=Abstract
https://mhealth.jmir.org/2015/2/e69/
http://dx.doi.org/10.2196/mhealth.3857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26088692&dopt=Abstract
https://www.journalmtm.com/2017/the-bus-framework-a-comprehensive-tool-in-creating-an-mhealth-app-utilizing-behavior-change-theories-user-centered-design-and-social-marketing/
http://dx.doi.org/10.7309/jmtm.6.1.6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29104674&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-015-0242-0
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-015-0242-0
http://dx.doi.org/10.1186/s13012-015-0242-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25895742&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/S1386505613001366?via%3Dihub
http://dx.doi.org/10.1016/j.ijmedinf.2013.06.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23886482&dopt=Abstract
https://web.stanford.edu/~mshanks/MichaelShanks/files/509554.pdf
https://web.stanford.edu/~mshanks/MichaelShanks/files/509554.pdf
https://journals.sagepub.com/doi/10.1177/1357633X16686747
http://dx.doi.org/10.1177/1357633X16686747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28027678&dopt=Abstract
https://mhealth.jmir.org/2022/1/e29512
http://dx.doi.org/10.2196/29512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35029535&dopt=Abstract
https://mhealth.jmir.org/2019/4/e11500/
http://dx.doi.org/10.2196/11500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30973342&dopt=Abstract
https://www.jmir.org/2012/3/e70/
http://dx.doi.org/10.2196/jmir.2058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22564332&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/1460458219876188
https://journals.sagepub.com/doi/10.1177/1460458219876188
http://dx.doi.org/10.1177/1460458219876188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31566460&dopt=Abstract
https://www.jmir.org/2022/10/e37341
http://dx.doi.org/10.2196/37341
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36197718&dopt=Abstract
https://bmjopen.bmj.com/content/9/5/e028756
http://dx.doi.org/10.1136/bmjopen-2018-028756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31152042&dopt=Abstract
http://dx.doi.org/10.3233/SHTI190110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31411152&dopt=Abstract
http://dx.doi.org/10.1080/03091902.2016.1213906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27560713&dopt=Abstract
http://dx.doi.org/10.1108/el-04-2019-0097
https://europepmc.org/abstract/MED/34074873
http://dx.doi.org/10.1097/CIN.0000000000000781
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34074873&dopt=Abstract
https://www.mdpi.com/2227-9032/10/2/208
http://dx.doi.org/10.3390/healthcare10020208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35206823&dopt=Abstract
https://mhealth.jmir.org/2019/8/e12983/
http://dx.doi.org/10.2196/12983
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31469081&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


51. Akter S, Ray P, D’Ambra J. Continuance of mHealth services at the bottom of the pyramid: the roles of service quality and
trust. Electron Markets 2012;23(1):29-47 [doi: 10.1007/s12525-012-0091-5]

52. Walshe K. Understanding what works—and why—in quality improvement: the need for theory-driven evaluation. Int J
Qual Health Care 2007;19(2):57-59 [FREE Full text] [doi: 10.1093/intqhc/mzm004] [Medline: 17337518]

53. Dunne A, Raby F. Speculative Everything: Design, Fiction, and Social Dreaming. Cambridge, MA: MIT Press; 2013.
54. Odom W, Zimmerman J, Davidoff S, Forlizzi J, Dey AK, Lee MK. A fieldwork of the future with user enactments. 2012

Presented at: DIS '12: Proceedings of the Designing Interactive Systems Conference; June 11-15, 2012; Newcastle Upon
Tyne, United Kingdom p. 338-347 URL: https://dl.acm.org/doi/proceedings/10.1145/2317956 [doi:
10.1145/2317956.2318008]

55. Boer L, Donovan J. Provotypes for participatory innovation. 2012 Presented at: DIS '12: Proceedings of the Designing
Interactive Systems Conference; June 11-15, 2012; Newcastle Upon Tyne, United Kingdom p. 388-397 URL: https://dl.
acm.org/doi/proceedings/10.1145/2317956 [doi: 10.1145/2317956.2318014]

56. Incropera F. Climate Change: A Wicked Problem: Complexity and Uncertainty at the Intersection of Science, Economic,
Politics and Human Behavior. New York: Cambridge University Press; 2016.

57. Perski O, Blandford A, West R, Michie S. Conceptualising engagement with digital behaviour change interventions: a
systematic review using principles from critical interpretive synthesis. Transl Behav Med 2017;7(2):254-267 [FREE Full
text] [doi: 10.1007/s13142-016-0453-1] [Medline: 27966189]

58. Hofstede G. Motivation, leadership, and organization: do American theories apply abroad? Organ Dyn 1980;9(1):42-63
[doi: 10.1016/0090-2616(80)90013-3]

59. Lin FR, Windasari NA. Continued use of wearables for wellbeing with a cultural probe. Serv Ind J 2018;39(15-16):1140-1166
[doi: 10.1080/02642069.2018.1504924]

60. Emad H, El-Bakry HM, Asem A. A modified technology acceptance model for health informatics. Int J Artif Intell
Mechatronics 2016;4(4):153-161 [FREE Full text]

61. McCoy S, Galletta DF, King WR. Applying TAM across cultures: the need for caution. Eur J Inf Syst 2017;16(1):81-90
[doi: 10.1057/palgrave.ejis.3000659]

62. Ghaye T, Melander-Wikman A, Kisare M, Chambers P, Bergmark U, Kostenius C, et al. Participatory and appreciative
action and reflection (PAAR)—democratizing reflective practices. Reflective pract 2008;9(4):361-397 [doi:
10.1080/14623940802475827]

63. Carlson J. Avoiding traps in member checking. TQR 2014;15(5):1102-1113 [doi: 10.46743/2160-3715/2010.1332]
64. Bartlett R, Milligan C. What Is Diary Method?. London: Bloomsbury Academic; 2015:144
65. Krebs P, Duncan DT. Health app use among US mobile phone owners: a national survey. JMIR Mhealth Uhealth

2015;3(4):e101 [FREE Full text] [doi: 10.2196/mhealth.4924] [Medline: 26537656]
66. Deterding S, Dixon D, Khaled R, Nacke L. From game design elements to gamefulness. 2011 Presented at: MindTrek '11:

Proceedings of the 15th International Academic MindTrek Conference: Envisioning Future Media Environments; September
28-30, 2011; Tampere Finland URL: https://dl.acm.org/doi/proceedings/10.1145/2181037 [doi: 10.1145/2181037.2181040]

67. Cechetti NP, Bellei EA, Biduski D, Rodriguez JPM, Roman MK, De Marchi ACB. Developing and implementing a
gamification method to improve user engagement: a case study with an m-Health application for hypertension monitoring.
Telemat Inform 2019;41:126-138 [FREE Full text] [doi: 10.1016/j.tele.2019.04.007]

68. Cugelman B. Gamification: what it is and why it matters to digital health behavior change developers. JMIR Serious Games
2013;1(1):e3 [FREE Full text] [doi: 10.2196/games.3139] [Medline: 25658754]

69. Wang T, Fan L, Zheng X, Wang W, Liang J, An K, et al. The impact of gamification-induced users' feelings on the continued
use of mHealth apps: a structural equation model with the self-determination theory approach. J Med Internet Res
2021;23(8):e24546 [FREE Full text] [doi: 10.2196/24546] [Medline: 34387550]

70. Villegas E, Labrador E, Fonseca D, Fernández-Guinea S, Moreira F. Design thinking and gamification: user centered
methodologies. In: Learning and Collaboration Technologies. Designing Learning Experiences. Birkhäuser Verlag AG:
Springer International Publishing; 2019:115-124

71. Lupton D. Apps as artefacts: towards a critical perspective on mobile health and medical apps. Societies (Basel)
2014;4(4):606-622 [FREE Full text] [doi: 10.3390/soc4040606]

72. Infodemic. World Health Organization. URL: https://www.who.int/health-topics/infodemic [accessed 2023-01-01]
73. Morris ZS, Wooding S, Grant J. The answer is 17 years, what is the question: understanding time lags in translational

research. J R Soc Med 2011;104(12):510-520 [FREE Full text] [doi: 10.1258/jrsm.2011.110180] [Medline: 22179294]
74. Huckvale K, Torous J, Larsen ME. Assessment of the data sharing and privacy practices of smartphone apps for depression

and smoking cessation. JAMA Netw Open 2019;2(4):e192542 [FREE Full text] [doi: 10.1001/jamanetworkopen.2019.2542]
[Medline: 31002321]

75. Villumsen S, Faxvaag A, Nøhr C. Development and progression in Danish eHealth Policies: towards evidence-based policy
making. Stud Health Technol Inform 2019;264:1075-1079 [doi: 10.3233/SHTI190390] [Medline: 31438090]

76. Nurgalieva L, O'Callaghan D, Doherty G. Security and privacy of mHealth applications: a scoping review. IEEE Access
2020;8:104247-104268 [FREE Full text] [doi: 10.1109/access.2020.2999934]

JMIR Form Res 2023 | vol. 7 | e45694 | p. 9https://formative.jmir.org/2023/1/e45694
(page number not for citation purposes)

An et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1007/s12525-012-0091-5
https://academic.oup.com/intqhc/article/19/2/57/1804825?login=false
http://dx.doi.org/10.1093/intqhc/mzm004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17337518&dopt=Abstract
https://dl.acm.org/doi/proceedings/10.1145/2317956
http://dx.doi.org/10.1145/2317956.2318008
https://dl.acm.org/doi/proceedings/10.1145/2317956
https://dl.acm.org/doi/proceedings/10.1145/2317956
http://dx.doi.org/10.1145/2317956.2318014
https://academic.oup.com/tbm/article/7/2/254/4563238?login=false
https://academic.oup.com/tbm/article/7/2/254/4563238?login=false
http://dx.doi.org/10.1007/s13142-016-0453-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27966189&dopt=Abstract
http://dx.doi.org/10.1016/0090-2616(80)90013-3
http://dx.doi.org/10.1080/02642069.2018.1504924
https://www.ijaim.org/administrator/components/com_jresearch/files/publications/IJAIM_518_Final.PDF
http://dx.doi.org/10.1057/palgrave.ejis.3000659
http://dx.doi.org/10.1080/14623940802475827
http://dx.doi.org/10.46743/2160-3715/2010.1332
https://mhealth.jmir.org/2015/4/e101/
http://dx.doi.org/10.2196/mhealth.4924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26537656&dopt=Abstract
https://dl.acm.org/doi/proceedings/10.1145/2181037
http://dx.doi.org/10.1145/2181037.2181040
https://www.sciencedirect.com/science/article/abs/pii/S0736585318312656?via%3Dihub
http://dx.doi.org/10.1016/j.tele.2019.04.007
https://games.jmir.org/2013/1/e3/
http://dx.doi.org/10.2196/games.3139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25658754&dopt=Abstract
https://www.jmir.org/2021/8/e24546
http://dx.doi.org/10.2196/24546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34387550&dopt=Abstract
https://www.mdpi.com/2075-4698/4/4/606
http://dx.doi.org/10.3390/soc4040606
https://www.who.int/health-topics/infodemic
https://journals.sagepub.com/doi/10.1258/jrsm.2011.110180
http://dx.doi.org/10.1258/jrsm.2011.110180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22179294&dopt=Abstract
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2730782
http://dx.doi.org/10.1001/jamanetworkopen.2019.2542
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31002321&dopt=Abstract
http://dx.doi.org/10.3233/SHTI190390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31438090&dopt=Abstract
https://ieeexplore.ieee.org/document/9108214
http://dx.doi.org/10.1109/access.2020.2999934
http://www.w3.org/Style/XSL
http://www.renderx.com/


77. Emery FE, Trist EL. Socio-technical systems. In: Churchman CW, Verhulst M, editors. Management Sciences, Models
and Techniques. Vol 2. Oxford: Pergamon Press; 1960:83-97

78. Xie A, Gurses AP, Hundt AS, Steege L, Valdez RS, Werner NE. Conceptualizing sociotechnical system boundaries in
healthcare settings. Proc Hum Factors Ergon Soc Annu Meet 2016;60(1):866-870 [doi: 10.1177/1541931213601198]

79. Daft RL. Essentials of Organization Theory & Design. Cincinnati, OH: South-Western College Pub; 2001.
80. Leavitt HJ. Applied organizational change in industry: structural, technological, and humanistic approaches. In: March JG,

editor. Handbook of Organizations. Chicago, IL: Rand McNally and Company; 1965.
81. Knowledge translation. Government of Canada, Canadian Institutes of Health Research, Public, Government, Institute

Affairs. URL: https://cihr-irsc.gc.ca/e/29418.html [accessed 2023-07-18]
82. Wensing M, Grol R. Knowledge translation in health: how implementation science could contribute more. BMC Med

2019;17(1):88 [FREE Full text] [doi: 10.1186/s12916-019-1322-9] [Medline: 31064388]
83. Jasanoff S, Kim S. Dreamscapes of Modernity: Sociotechnical Imaginaries and the Fabrication of Power. Chicago, IL: The

University of Chicago Press; 2015.

Abbreviations
HCD: human-centered design
HP: health care provider
ISO: International Standardization Organization
mHealth: mobile health
RCT: randomized controlled trial
STS: sociotechnical system

Edited by A Mavragani; submitted 12.01.23; peer-reviewed by K Baker, YC Liu; comments to author 12.05.23; revised version received
31.05.23; accepted 28.06.23; published 25.08.23

Please cite as:
An Q, Kelley MM, Hanners A, Yen PY
Sustainable Development for Mobile Health Apps Using the Human-Centered Design Process
JMIR Form Res 2023;7:e45694
URL: https://formative.jmir.org/2023/1/e45694
doi: 10.2196/45694
PMID:

©Qingfan An, Marjorie M Kelley, Audra Hanners, Po-Yin Yen. Originally published in JMIR Formative Research
(https://formative.jmir.org), 25.08.2023. 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 Formative Research, is properly cited. The complete
bibliographic information, a link to the original publication on https://formative.jmir.org, as well as this copyright and license
information must be included.

JMIR Form Res 2023 | vol. 7 | e45694 | p. 10https://formative.jmir.org/2023/1/e45694
(page number not for citation purposes)

An et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1177/1541931213601198
https://cihr-irsc.gc.ca/e/29418.html
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-019-1322-9
http://dx.doi.org/10.1186/s12916-019-1322-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31064388&dopt=Abstract
https://formative.jmir.org/2023/1/e45694
http://dx.doi.org/10.2196/45694
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/

