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Abstract—Despite the importance of user engagement in
mHealth system efficacy, many such interventions fail to engage
their users effectively. This paper provides a systematic review of
10 years of research (32 articles) on mHealth design
interventions conducted between 2011 and 2020. The PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) model was used for this review with the IEEE, Medline
EBSCO Host, ACM, and Springer databases searched for
English language papers with the published range. The goal of
this review was to find out which design process improves user
engagement with mHealth in order to guide the development of
future mHealth interventions. We discovered that the following
six analytical themes influence user engagement: design goal,
design target population, design method, design approach, socio-
technical aspects, and design evaluation. These six analytical
themes, as well as 16 other specific implementations derived from
the reviewed articles, were included in a checklist designed to
make designing, developing, and implementing mHealth systems
easier. This study closes a gap in the literature by identifying a
lack of consideration of socio-cultural contexts in the design of
mHealth interventions and recommends that such socio-cultural
contexts be considered and addressed in a systematic manner by
identifying a design process for engaging users in mHealth
interventions. Based on this, our systematic literature review
recommends that a framework that captures the socio-cultural
context of any mHealth implementation be refined or developed
to support user engagement for mHealth.

Keywords—Design process; mobile health; socio-cultural; user-
centered design; user engagement

I.  INTRODUCTION

Many mHealth interventions fail to achieve or sustain their
stated goals [1][2]. Many reasons have been put forward to
explain this, one of which asserts that the effectiveness of
mHealth initiatives is overly dependent on user engagement
[31[4][5]. In this context, the concept of user engagement is
critical. Although the term "user engagement” has several
different interpretations, it is critical to have a common
meaning of the term's specific definition because the various
interpretations have led to a great deal of misunderstanding
[6]. For the purposes of this study, user engagement should be
defined as "the emotional, cognitive, and behavioral
connection that exists between a user and a resource at any
point in time and possibly over time" [7]. User engagement is
critical in mHealth, with many researchers (e.g., [8]1[9])
arguing that the mHealth design process should take into
account the needs of various users. However, many current
mHealth interventions are based on pre-existing healthcare
system constructs [10], encouraging designers to base their
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designs on assumptions that have not been validated with
primary user input [11]. As a result, the interventions that
result are less effective than those that include end-user needs
[10] and input from relevant stakeholders such as commercial
app industries and design experts [9]. The author in [11]
defines user-centered design as a method that is informed by
the needs and understanding of a particular end-user group
and plays an important role in achieving user engagement with
technology. People must engage in mHealth interventions for
them to be effective, but engagement is frequently inadequate
[12].

It has been stated that the effectiveness of mHealth
initiatives is highly depended on user engagement [3].
However, despite the claimed importance of user engagement
in mHealth system efficacy, many such interventions
frequently lack user-engaging attributes [13]. According to
[13], some mHealth apps lacked engaging and customizable
features because the apps did not include any specific
strategies to facilitate user engagement. Furthermore, [14]
indicates that user engagement is a critical factor in
determining the success of any mobile application.

Thus, additional research is warranted to improve
understanding of user engaging features in technology in
general, and mHealth, as well as to develop techniques and
methodologies to facilitate and sustain user engagement [15].
As discussed in [11], it is also important to consider the socio-
cultural contexts associated with user engagement when
attempting to achieve user engagement with technology.
According to [16], a lack of engagement with mHealth
systems is caused by socio-cultural and organizational issues,
such as when mHealth applications developed in the Global
North are implemented in the Global South, where there may
be numerous social, cultural, and belief differences. In such
cases, it is critical that implementation take users' socio-
cultural contexts into account in order to improve mHealth
systems. This point is emphasized further by [17], who claims
that the assumption that technology developed in the Global
North can simply be dropped into the Global South and
expected to work is a "fallacy."

This systematic review identifies a gap in the literature by
highlighting the lack of consideration of users' socio-cultural
contexts in the design of mHealth interventions and proposes
that such user group socio-cultural contexts be considered.
This is because techno-centric approaches to mHealth design
and user engagement that are solely focused on technology, as
well as other approaches that rely on existing universal
frameworks for user-centered design, have been shown to be
ineffective [18].
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In this systematic review, we seek to present the process of
designing engaging mHealth interventions, situating the
design process within the context of a user-centered design
framework, and contextualizing the results by also
incorporating the design processes of other mHealth
interventions. As their guiding approaches, these are explicitly
named design approaches user-centered, human-centered
design, double diamond, and Hasso-Plattner Institute. As a
result, the paper emphasizes the importance of improving
understanding of user-engaging features in technology in
broad sense, and mHealth precisely, as well as the need
of developing more robust techniques and methodologies to
facilitate and sustain user engagement.

Il. LITERATURE REVIEW

This review of the literature begins with a discussion of the
body of work dealing with the success and failure of mHealth.
The section then examines the body of work on designing
mHealth for engaging experiences before emphasizing the
importance of considering the fit between various conceptions
of engagement and the design process in mHealth design.

A. Design Success and Failure in mHealth

In the field of mHealth, defining success or failure is a
difficult task. What is clear is that implementing such systems
in a sustainable and scalable manner is difficult. The author in
[1] states that "most information systems in developing
countries fail either completely or partially," while [19] states
that "successful examples of computerisation can be found...
but frustrating stories of systems that failed to fulfill their
initial promise are more common" (p.1). The success of any
new technology is dependent on its successful integration,
diffusion, and long-term use by intended users, according to
[20]. Projects have been shown to be productive when they are
tailored to the local context and language [21], and when they
are developed and implemented with the participation of local
private service providers [21][22]. A number of studies have
demonstrated that mHealth interventions in the Global South
are useful, particularly in improving treatment adherence,
appointment compliance, data collection, and the development
of support networks for health workers [23][24][25]. Although
it is acknowledged that mHealth, particularly in the Global
South, has great potential, many mHealth systems have
historically failed to deliver on their initial promises [19].
There are numerous challenges and risks associated with the
design, implementation, and adoption of such systems
[26][27].

There have been numerous explanations advanced for this
high level of mHealth failure. One of the primary causes of the
failure was identified in [28]. Socio-cultural considerations,
according to the article, have a significant impact on the
implementation of any health information system. They
discussed about the socio-cultural issues that arise when health
information systems are transferred between two African
developing countries' public health sectors (Mozambique and
South Africa). The article demonstrates that transferring
between two countries involves issues such as cultural
differences, adjustment, and adaptation. While the transfer
was deemed successful, the health information system
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needed to be flexible enough to support local variations.
Similarly, a number of articles [29][30][31][32] have argued
that successful implementations necessitate a better
understanding of user groups' sociocultural contexts due to
their importance and impact on the scale and sustainability of
mHealth initiatives.

A major cause of failure, according to [33], is an
unsuitable design in relation to the needs and context of use.
Similarly, taking a techno-centric approach to mHealth
implementation without considering socio-technical issues,
according to [34], can be detrimental. Another reason for
mHealth failure is the use of a top-down approach by
implementers [35]. This approach is techno-centric, with users
having no control over the technology that they expect to use.
Furthermore, many mHealth systems are designed, developed,
and imported from the Global North. According to [17],
assuming that such systems will fit into any Global South
country without considering users is a "fallacy." This
highlights the significance of creating engaging experiences
for users of mHealth interventions.

B. Designing for Engaging mHealth Experience

Although designing for engaging experiences is a widely
stated goal of interactive system development across many
disciplines, there are no guidelines in place to communicate
designers' efforts to make things engaging [36]. The problem
has been exacerbated by the lack of a unified definition of
engagement. It is difficult to know whether the systems we
design are engaging or to identify which aspects of technology
interaction engage or fail to engage users if user engagement
is not understood [37]. There are several definitions of user
engagement, and the various viewpoints have resulted in a
great deal of misunderstanding [6]. It's unclear how valuable
these viewpoints are to designers. [38]. The author in [6]
defined user engagement as "the total set of user relationships
toward IS and their development, implementation, and use" (p.
514). The psychological state of mind required by the user to
enjoy the representation, i.e., a willing suspension of disbelief,
has also been defined as "user engagement” [39]. Other points
of view on user engagement have shifted the focus away from
the individual user and toward the designer. The author in [40]
investigated methods for attracting people and encouraging
interaction. The author in [41] was interested in motivating
and improving the user experience of the application, whereas
[42] defined engagement relying on their synthesizing of
esthetical, flows, enjoy, and information interaction theories,
as well as previous work in the application areas of video
games, web searching, and educational software. Other
definitions include [43] user experience, spatiotemporal,
compositional, and sensual "threads of experience."

An important but frequently overlooked aspect of
engagement research is the fit between various conceptions of
engagement and the design process. The evaluation of user
engagement is critical in the design of engaging experiences.
However, there is very little attention given to incorporating
engagement measures into the design process [38], implying
that an improved mHealth design process is required to
strengthen user engagement [44].
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I1l. MATERIAL AND METHODS

The literature review provides a comprehensive
description of the current state of the mHealth design process
from the standpoint of user engagement. As a result, it can be
used to inform future research and studies in the mHealth
design process as a means of improving user engagement with
mHealth technologies.

A. Introduction

A systematic qualitative analysis was used to categorize
data based on different analytical themes. Articles from 2011
to 2020 were searched in four electronic databases (IEEE,
Medline EBSCO Host, ACM, and Springer Link). The time
period 2011 to 2020 was chosen to ensure that relevant articles
associated with existing design process frameworks to
improve user engagement with mHealth technology were
found. The search string and their combinations that were used
include "design process OR design process framework",
“design process evaluations AND mobile health", “mobile
health OR mHealth”, “user engagement AND mHealth design
process”, “user engagement AND health”, “mHealth AND
interventions”, “mHealth AND design process”, “mHealth
applications AND user engagement”. This ensures that the
mHealth design process is covered broadly across disciplines
such as health informatics, information technology, and
human-computer interaction (HCI). The search and selection
process are depicted in Fig. 1. According to Fig. 1, the search
yielded 3700 articles, 3100 of which remained after duplicates
were removed. Another 2496 articles were eliminated because
they were either (1) not published in English, (2) lacked full
text, or (3) did not discuss the design process of mHealth
interventions. This step resulted in 604 distinct articles. A
further 572 articles were eliminated based on the following
criteria: types of interventions studied - articles that do not
deal with health interventions are excluded; if they did not
report measured outcomes such as performance-based
measures,  self-report measures, or clinician-reported
measures; and if they were not peer-reviewed.

This leaves 32 articles for review. The majority of the 32
articles included in the review came from Medline, with 20
articles, Springer and ACM each having 5 articles, and IEEE
having the fewest, with only two. These articles were
examined using the set of analytical themes described in the
following section.

B. Thematic Analysis and Coding Scheme

The analysis of 32 selected articles is guided by [45] “six
model of thematic analysis.” Table | shows the themes used to
categorize reviewed articles. According to [45], thematic
analysis "provides a flexible and useful tool that can
potentially provide a rich and detailed, yet complex account of
data."

The following themes were generated in total: design
process goal, design approach, whether socio-technical aspects
of intervention were addressed, design methods, design target
audience, scalability, and design validation and evaluation.

The six themes are generated in accordance with the [45]
model.
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Fig. 1. The Atrticle Selection Workflow.

In order to improve user engagement with mHealth
interventions, the first step was to conduct a thorough review
of the selected articles, address and analyze the articles, and
keep in mind how the selected articles described the mHealth
design process. The second step was to generate preliminary
codes by highlighting phrases or sentences in the selected
articles and creating shorthand labels (codes) to describe their
content. Coding is the process of breaking down large
amounts of data into smaller chunks of meaning. The codes
were created and modified during the coding process without
the use of pre-set codes. The coding was completed on an
Excel sheet with the intention of not coding the entire data set
because the primary concern is to address and analyze the data
associating design process of improving user engagement.
Two people coded the articles independently. Before moving
on to the rest of the articles, each of the codes was compared,
discussed, and modified in the third step. Despite the fact that
not all of the text was coded, every coded reviewed article was
relevant to or specifically addressed user engagement
improvement. The fourth step was to look through the codes
for a theme, idea, or concept that captured and summarized the
data's meaningful and recurring patterns. According to [45],
there are no strict quidelines about what constitutes a theme. A
theme's significance defines it. The codes were scrutinized at
this point to ensure that they fit together into a larger theme
that addresses the design process of improving user
engagement. The fifth, sixth, and final steps involved naming,
reviewing, and refining codes to create the six themes.
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TABLE . THEMES USED TO CATEGORIZE REVIEWED ARTICLES might be derived from the data. The following section delves
Themes Definitions Supporting Review Articles into the specific meanings of the set of analytical themes.
“The primary analysis is C. Themes of Design Process for Improving user Engagement
concerned with the marginal effect . . - .
The theme design that is the average over time, of Any design process, according to [48], is "the specific
goals are the purposes | the contrast between the two series of events, actions, or methods by which a procedure or
Goal ofthe | for design work that possible intervention options. In set of procedures is followed, in order to achieve an intended
design 3:)60;3’@5323";22‘??% " \SNeiCtﬁflggré’ozqa;}’ﬂzagggﬂg&‘;”in purpose, goal, or outcome™ (p. 408). Fig. 2 depicts the design
such design work. which circumstances one Process .for mcr_easmg L.Jser eng_agement . with  mHealth
intervention option is more effect, interventions, which consists of six analytically generated
can be explored”. (Review 31) themes, each of which can be refined by a number of
Design target “The study showed, however, that desg:riptive themes._ Design goal, Qesign target audience,
populations are users | patients were satisfied with the design methods, design approach, socio-technical aspects, and
Design target | who mHealth phone application and it improved design evaluations are the six analytical themes.
populations designers consider on their self-reported depressive . . L
when developing symptoms” These analytical themes, as well as their descriptive
mHealth interventions. | (Review 6) themes, are discussed in greater detail in the results section
We identified variables that that follows.
corresponded to patient and
. scientific research priorities,
Design methods are discussed potential measurement Semi 1. Goal of User
techniques or tools for P the design se
- schemes, and began to investigate tructured ;
design work that technological options (eg, data struciied process EXpETENCe:
Design provide a variety of streams %ensorg active ?Asks i usabll_lty efflcacy,
methods activities that a > ’ ' Inspection, empathic
desi analytical methods). We also randomized desian
esigner may use as d talking about a variety of . ) gn,
part of the overall started talking about a variety o control trial, intearation.
. technical, user experience,
design process. - survey
regulatory, and other issues
related to the research program.
(Review 32) .
“Apolvine h tred 6. Design 2. Design
melzﬁo}g;l%n tl;g]ggs:icgenno;ee-health evaluations target
The design approgch solutions requires that designers populations
. refers to the solution- -
Design - must take particular
based method used in - : . Patient
approach developing mHealth considerations when patients and atien
interve?ni(?ns healthcare professionals are De populations (e.g.,
' involved in the design process.” sig older adults,
(Review 7) n patients with
B - Pro chronic
The si)uc;—techmcal ces conditions) and
aspects o clinician experts
) interventions are Furthgrmgre, the oyerall _ p
Socio- . organizational socioeconomic
- defined as case- -
technical specific interventions context of the clinical system
aspects based on qualitative Eg:\ﬂ ;nv\;];t) be investigated.
and empirical evidence 3.Design
[46]. methods
“Evaluation is used to 5. Socio-
:Zii;toarq:jegzglre;s The application and evaluation of technical Perf
srformed to asysess this framework is demonstrated aspects er do_r mance
P! - ] through the use case of a mHealth riven
(i) the interaction of h desianed dth 4. methods,
. users or a health app that was designed to read the Design user driven
Design - . results of the tuberculin skin test, Earl
. system with the digital o arly annrnach methods or
evaluations - - which is used to detect latent t
health intervention g - engagemen both
strategy, or tuberculosis infection (LTBI) and with
- ' for which a prototype was
(ii) changes available protolyp stakeholders Participatory design,
attributable to the (Review.30) & . user-centered design
digital health _partnership (UCD), double
intervention.” [47] n de5|gr_1 and diamond, human
] ] ] evaluations centered design, and
Data associated with each theme were read to see if the of mHealth Hasso-Plattner
data truly supported the theme and how the themes work ap?jitf,?gic" Institute; techno
within a single article as well as across all articles. The dimensions centric approach
process of naming themes entailed giving each theme a short
and simple name. As a result, we extracted themes from the
reviewed articles until we determined that no more themes Fig. 2. Six Analytical Themes of Design Process.
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IV. RESULTS

The six analytical themes provide a thorough examination
of the mHealth design process with the goal of increasing user
engagement with mHealth technology. They reveal a wide
range of trends and discoveries. To describe the design
process that can improve user engagement with mHealth
interventions, six analytical themes were developed, each of
which can be explained by several descriptive themes.

A. Goal of the Design of mHealth Interventions

Although there are numerous publicly available mHealth
interventions, particularly mental health apps, as identified in
the reviewed articles, current knowledge about the goals for
designing such interventions is limited, particularly from a
sociotechnical and user-centered perspective [49]. As a result,
six descriptive themes related to design goals were identified:
user experience, efficacy, empathic design, integrated,
predictive, personalized, and inclusive. These are now
described in greater detail.

1) User expereience: The reviewed articles stressed that
mHealth interventions should not be medically approved
solely on the basis of their effectiveness; the experience of
users during the use process should also be evaluated [49]
[50]. User experience should be researched and incorporated
into the intervention design process [51] [52][53]. Although
having a poor usability mHealth intervention may not have a
discernible negative impact on users, the negative experience
of users may prevent them from accepting and approving new
mHealth  technological interventions in the future
[54][55][56][57].

2) Efficacy: The efficacy of mHealth interventions was
frequently lauded in the reviewed articles. Many of the
mHealth interventions described in the reviewed articles had
observable outcomes [58][59][60] [61][62][63][64]. Despite
the fact that the efficacy of mHealth interventions varied
significantly across studies, all of the reviews indicated that
mHealth was a viable concept with the prospective to improve
patient health.

3) Empathic design: According to the reviewed articles, it
is critical to consider the user's feelings toward mHealth
products; users quickly lose interest when their feelings about
using products are jeopardized [65][66]. The preference was
for mobile device users to be paid attention to their feelings
toward mHealth products [67] and to receive feedback on
continuous monitoring data on user emotions while using
mHealth products, such as how their feelings progress over
time with mHealth product use [53], predicted possible causes
and solutions [68][69][70].

4) Integrated: An mHealth platform should not be
regarded as a stand-alone tool to be used in isolation.
Collaboration among practitioners, other healthcare service
components, communities, caregivers, patients, and their
dependents is required in various aspects of mHealth
interventions [59][7].

5) Predictive and personalized:
interventions desired not only automatically

Users of mHealth
tailored
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information, but also the ability to personalize the mHealth
intervention. The reviewed articles emphasized the importance
of mHealth intervention users being able to choose when and
how they receive SMS messages [72], setting goals for future
use of the mHealth tool to personalized lifestyle with
synchronous communication with a health care professional
[73], and participating in identifying the mHealth system
requirements [74][75].

6) Inclusive: According to the reviewed articles, inclusive
health care systems based on mobile interventions (for
example, in mental health) have frequently been viewed
positively [76] in developing countries, [70][77] due to the
obvious considerably large penetration rates of mobile
technologies and the effectiveness of human resources.
Furthermore, because of their intimate and confidential nature,
mobile solutions can be effective in a culture that stigmatizes
mental health issues [78]. The design processes examined in
this review had the following goals: high-quality user
experience, efficacy, empathic design, integration, "predictive
and personalized,” and inclusive. Fig. 3 depicts the
distribution of design process goals in the articles reviewed.

The analysis of the design goals revealed that all mHealth
intervention designs, in one way or another, attempt to achieve
some goals. It was discovered that none of the mHealth
intervention designs addressed a combination of all the goals
used in this study. The most frequently addressed design goal
is efficacy (59%).

In 17 studies, user experience is the second most
implemented design goal (53 percent). With 12 (38 %) and 11
(34%), respectively, studies, inclusiveness and empathic
design process ranked third and fourth in terms of most used
design goals. With a total of 7 (22 %) studies and 5 (16 %)
studies, integration and predictive and personalized were
ranked fifth and sixth, respectively.

B. Design Target Population

The users who mHealth designers consider when
developing mHealth interventions are referred to as the design
target population. The reviewed articles reported three design
target populations: patient population (e.g., older adults,
patients with chronic conditions) [69][71][79][80]; or both
(patient and clinician experts) [52][53].

Predictive and personalized
Integration

User experience

Efficacy

Inclusiveness

Empathic design

0 5 10 15 20

Fig. 3. mHealth Design Goals.
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= Clinician experts = Patient population

= Both(Patients and clinicians)

Fig. 4. mHealth Design Target Population.

The distribution of the articles across the mHealth design
target population is depicted in Fig. 4. According to [81],
mHealth projects frequently involve distinct stakeholders such
as patient populations (e.g., older adults, patients with chronic
conditions) and clinician experts, or both.

Eight studies (25%) targeted the population of clinician
experts, while nine articles (28%) targeted the population of
patients. Fifteen articles (47 %) were directed at both patients
and clinicians.

C. Design Methods

Design methods are the methods or tools for designing that
offer a variety of activities that a designer could use as part of
an overall design process. Performance-driven methods, user-
driven methods, and both were identified as three descriptive
themes that could improve design methods (performance and
user driven).

1) User driven methods: The reviewed articles
underscored the importance of involving users from the start
of the design process, to recognize, tap, and comprehend their
explicit and implicit knowledge and ideas [50][65]. User-
driven innovation methods range from casual observations to
collaborations and intensive user participation in co-creation
processes [71][79].

2) Performance driven methods: Performance driven
methods entail the use of expert analyses to generate a
continuous flow of improvement ideas that are strongly
focused on the desired results. Performance-driven methods
are commonly used when it is difficult to extract ideas or
information from potential users. Among the performance
methods extracted from the reviewed articles were using
machine learning model for predicting patients' ambience,
feelings, psychological states, actions, environmental factors,
and social context; demonstrating that the mobile diary tool
can increase client adherence to therapeutic activities;
collecting users' psychological, physiological, and activity
information for mental health research; and using assisted
cognitive behavioral therapy for insomnia [59][60].

3) User driven and performance driven methods: Some of
the reviewed mHealth interventions used both user-driven and

Vol. 13, No. 2, 2022

performance-based design methods, such as [52] personal
health monitoring and feedback system for bipolar disorder
patients, [53] autonomous, intelligent mobility aid for older
adults, [72] SMS-based application to motivate behavior
change among tobacco users, and [82] remote measurement
technologies (RMT) to study central nervous system function.

D. Comparative Analyses of the Design Methods, Design
Goals and Design Target Population

In terms of the three descriptive themes of design methods
used in the reviewed articles, user driven methods and both
(user driven and performance driven methods) share common
design goals, whereas performance driven methods do not

(Fig. 5).

Fig. 6 depicts the comparative analyses of design methods
and design target populations presented in the review. It
should come as no surprise that there is a strong correlation
between the targeted population and the design methods used
in the mHealth intervention design process. In 7 (22 %) of the
articles aimed at patients and clinicians, a combination of
user-driven and performance-driven methods were used. The
user-driven method was used in 17 (53%) of the reviewed
articles that targeted both patients and clinicians, with 15
(47%) focusing on patient populations and 2 (6%) focusing on
both patient and clinician populations. In 8 (2%) of the
clinician-targeted articles, the performance-driven method was
used.

User-driven methods (53%) were the most commonly used
methods for the design process of mHealth interventions
primarily aimed at patient populations, followed by
performance-driven methods (25%) aimed at clinician experts,
and finally a combination of user-driven and performance-
driven methods (22%).

Both (PDM & UDM) ._.=_

User Driven Method (UDM) #
[ ™

Performance Oriven Method (PDM) }

0 2 4 6 8 10
BWPredictved Personalized W integration M User experience BEmpathicdesgn W Inclusive B Efficacy

Fig. 5. Mobile Design Goals in different Design Methods.

User Driven Method and
Performance Driven Method

User Driven Method

Performance Driven Method —s—

0 5 10 15 20

B Clinician experts Patient populaions Both (Patients and clinicians)

Fig. 6. Mobile Design Methods by Design Target Population.
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E. Design Approach

The solution-based method used in designing mHealth
interventions is referred to as the design approach. The
following six approaches were used in the reviewed articles:
participatory design, user-centered design (UCD), double
diamond, human centered design, and Hasso-Plattner Institute;
and techno centric approach.

1) Participatory Design (PD): Participatory design (PD)
is an approach that involves all stakeholders in the
intervention design process and ensures that the interventions
developed are usable and meet the needs of users. The author
in [83] defines participatory design experience as a transition
in mindset and perception toward people from designing for
participants to designing with participants. It is the notion
anyone can contribute towards the design process in some way
and that, given the right tools, they can be both articulate and
creative. According to [84], timely engagement and
partnership with stakeholders is critical for mHealth
implementation. The concept of partnership implies shared
goals, shared accountability for outcomes, distinct
accountabilities, and reciprocal obligations. The PD process
consists of nine steps: introduction, analyses, idea generation,
idea selection, prototyping, testing, adjusting, implementation,
and evaluation [85]. In the reviewed articles, the PD approach
was used in identifying the system requirements for the design
of interventions for schizophrenia [71], trait anxiety in adults
[66], breast cancer [67], self-monitoring behavior [69][74] and
Ebola preparedness [70].

2) User-Centered Design (UCD): UCD is a process that
places users at the center of product design and development.
Its primary goal is to make interactive products usable by
analyzing system usage and applying human factors and
usability information and methods [86]. UCD is comprised of
four steps: (1) comprehend and specify the context of use; (2)
specify the user and organizational specifications; (3) develop
design solutions; and (4) evaluate design in relation to
specifications [87]. The UCD approach was used in the
reviewed articles to identify system requirements for the
design of an intervention for multiple sclerosis [82], mental
illness management [51][52], intelligent mobility aid for older
adults [53], support for adolescents coping with chronic pain
[61], behaviour patterns [80][88] and self-management
[82]89].

3) Double Diamond (DD): The Design Council (2007)
developed the Double Diamond approach, which is based on
the application of design thinking in businesses and innovation
designs and has four phases (discovery, definition,
development, and delivery)®. There was limited use of the
Double Diamond approach in the review articles, with only
[77] using it to improve healthcare delivery, particularly in
underserved contexts. Human-centered design and the Hasso-
Plattner Institute were two other design thinking approaches

! http://www.designcouncil.org.uk
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used in the reviewed articles. These approaches are described
in the following sections.

4) Human centered design: Innovation, Design
Engineering Organization (IDEO) created the human-centered
design (HCD) approach. Hearing, Creating, and Delivering are
the three phases of HCD?. The author in [90] states that "HCD
will assist one in hearing the needs of users in new ways,
creating innovative solutions to meet users' needs, and
delivering answers with financial sustainability in mind."
(Page 7) HCD was used in the reviewed articles to create a
patient-centered e-health solution for patients receiving weight
reduction therapies [50].

5) Hasso-Plattner Institute(HPI): The Hasso-Plattner
Institute's approach ® consists of six steps: 'Understand,’
'‘Observe,’ 'Point of View,' 'ldeate,' 'Prototype,’ and ‘Test.' In
the reviewed articles, HPI was used to improve the testing of
latent tuberculosis infection by health workers [75].

6) Techno-centric appraoch: The term "technocentric
approach™ refers to a point of view that emphasizes
technological aspects of designs. The primary distinction
between the techno-centric approach and the other approaches
described in the reviewed articles is that the other approaches
are focused on understanding potential users, which is
typically discovered through research process by conducting
comprehensive analysis of potential users' behaviours, actions,
and desires. The techno-centric approach, on the other hand, is
based on "technology-push,” in which designers focus on
technology first, after which try for implementations for it.
[91].

In the reviewed articles, an example of a techno-centric
approach was used in design of mHealth to predict patients'
ambience, feelings, psychological states, actions,
environmental factors, and social context by using machine
learning models [58], to improve the design of client
adherence to therapeutic activities [59], to collect users'
psychological, physiological, and activity information
[62][64], and to promote postpartum weight loss [73].

Fig. 7 presents the major design process approaches
employed in the design of mHealth interventions for user
engagement.

The articles under consideration took more than one
approach. Overall, 21 (66%) of the 32 reviewed articles used a
participatory design approach, while 8 (25%) used a techno-
centric approach, and 3 (9%) used design thinking (whether
double diamond, human centered design, or Hasso-Plattner
Institute), with that being the least used approach in the
articles reviewed, as shown in Fig. 7. This suggests that
knowledge about how design thinking can impact mHealth
intervention competencies is either still developing or has a
minor impact in mHealth designs. Scholars, on the other hand,
advocate for more research into how design thinking
influences innovation design processes and methods [92].

2 nttps://designthinking.ideo.com/
® http://www.hpi.uni-potsdam.de/d_school/designthinking
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Fig. 7. mHealth Design Approach.

F. Socio-technical Aspects

Socio-technical aspects describe case-specific
interventions based on qualitative and empirical evidence and
include three descriptive elements such as early user
engagement in design, evaluations of mHealth interventions,
and understanding users' socio-cultural context.

Eleven studies (34%) used qualitative design method to
examine various components of the system, including personal
traits of use as well as larger issues of patient-healthcare-
system interaction [61]. Examples include early user
involvement and identifying and managing relationships
between stakeholders in the design of mHealth interventions
[71]1[771, user involvement in the evaluation stages of mHealth
development [8][73], and incorporation of users' socio-cultural
contexts into the design of mHealth interventions [51] [65].
The sociocultural contexts of mHealth intervention use,
according to [49], are among the most difficult aspects of
developing mHealth solutions and designing for technology
acceptance and adoption. Two of the most important socio-
cultural factors to consider before developing any mHealth
solution are the position of users in the design of systems and
products, as well as cultural differences. Thus, a culture-
rooted design approach is considered to be the best way to
actually connect and communicate cultural identity,
significance, values, and tradition [93]. Of the reviewed
articles, 21 (66%) did not explicitly discuss sociotechnical
aspects in the design process of mHealth interventions.

G. Design Evaluations

Design evaluations are the processes that are used to
determine whether mHealth interventions work as intended for
end users.

In the 7 of the 32 reviewed articles (22 %) that discussed
evaluation, the following four techniques were used to
evaluate design: semi structured interviews, usability
inspection, survey, and randomized control trial. Table Il
summarizes the evaluation techniques, their benefits and
drawbacks, and the design goals.

These various evaluation techniques in Table Il can be
divided into two categories: formative and summative.
Formative evaluations, according to [47], are studies that aim
to inform the development and design of effective intervention
techniques. Summative evaluations, on the other hand, are
techniques carried out at the completion of an intervention (or
at the end of each stage of the intervention) to verify the
degree to which expected results were achieved.

TABLE Il EVALUATION TECHNIQUES AND DESIGN GOALS AS IDENTIFIED
IN THE REVIEWED ARTICLES
Article Evalt{atlon Descriptions Design Considerations
S techniques Goals
Benefits: inform
This technique ic:;r;giz o
Elr\(;:r?eﬁsfir the satisfaction,
L interaction, and
distribution of adapt to end-
- identify a variety
the design of issues
E:ggﬁsesr?kfone associated with
“Ref. Semi video Empathic g:z\rlvvsg;(? use
[65]1” structured messaging design: subject to b-ias
smoklpg especially if
cessation there isn't
intervention enough time to
?::Itimedia collect and
messagin transcribe data
ging and it takes more
depression
revention than one person
P . to decide on the
intervention.
themes
generating.
The goal of
- i i r
“Ref. Usability this technique | User Benefits: allows
. . . is to first experience :
[79] inspection ircon ryt . to determine
co PO ate which features
real-time user of the
exp_eriepce by intervention
:iaeslll(vteor I:sge?s influenced user
. engagement in
and observing real time
g;?pﬁ;tglﬁé User Drawbacks: may
“Ref. Usability task . and EXperience | place a mental
g : " | and burden on the
[8] Inspection second, refinin | gmpathi S
N mpatnic users, making it
g the content, | design difficult for the
poten.tlal . observer to
func_t ionality, analyze the data
and interface collected
... based on '
user feedback.
A p'af‘”ed Empathic
experiment desian
“Ref Randomized | that compares rocgess o
(67> | controlled the sn d Benefits: high
trial effectiveness | . . standard of
of an Inclusiven | stydy design
. . ess
intervention.
Randomized
controlled, Drawbacks:
:};‘2‘02 tej; ;he Efficacy, | Ethical concems
“Ref Randomized SmartP%mne- predictive | and the
[73],', controlled based and difficulty of
trial ; . personaliz | randomizing
intervention to od subjects
promote
postpartum
weight loss.
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Benefit: It may

participant enrollment, such as obtaining
consent and maintaining confidentiality.

7.
8. Base the design on a clear understanding of
the users, tasks performance, and
Design method environments.
9. Provide task performance and environment
information tailored to the user's preferences.
10. Use an iterative design process.

Design approach 11. Ensure that the design process considers the

entire user experience, flow and aesthetics.

be less
Structured ExXpensive than
. . alternatives.
questionnaires | User
« with many experience Drawbacks Does
Ref. questions to , efficacy ]
- Survey L not give an
[77] elicit and LY
. . . indication of the
comprehensive | inclusiven
. . sequence of
information ess
events because
they are carried
out at one time
point.
Incorporate

real-time user
experience by
delivering a
task to users
and observing
them as they
complete the User

Benefits: allows
to determine

task in the experience | which features

design of a , efficacy, of the

mHealth predictive intervention

intervention and influenced user
“Ref. Usability and analyzing personaliz | engagement,
[751” inspection and reporting ed and effective and

the results some usable in real

through the extent time.

lens of the empathic Drawbacks: may

combined design place a mental

Information process burden on the

Systems users.

Research

(ISR)

framework and

design

thinking

approach.

12. Use Techno-social design (TSD) and culture
centered design (CCD) to incorporate users'
socio-cultural contexts into the design of
mHealth interventions.

13. Co-designing with users to understand their

values is preferable to designing for users.

Identify the barriers and facilitators of

intervention participation among study

participants. Individual-level structural
barriers or facilitators, as well as other factors
that may limit a user's ability to engage with
the intervention, should be addressed.

Socio-technical
aspects 14.

15. Assess how users felt about the intervention or
how satisfied they were with it.

16. Describe the evaluation techniques used (for
example, usability testing), along with the
target group(s).

Determine whether the mHealth intervention
incurred costs that were proportionate to the
benefits of the design's goal.

Design evaluations

H. Checklist of Design Process to Improve user Engagement

We developed a checklist based on a comprehensive
evaluation of the 32 articles that considers 6 themes of the
design process and the corresponding implementations. There
were 16 items reported that improve user engagement in total,
and we provide explanations and illustrations as a basis for
future research (Table I11).

TABLE Ill.  CHECKLIST OF DESIGN PROCESS THAT ENHANCE USER
ENGAGEMENT
Themes Criteria
1. Outline in a clear statement the goals of the
design.
2. Identify metrics that will allow mHealth

Goal of the design designers and developers to track progress and

determine when the design's goals have been

met.

3. Identify stakeholders and their roles in the
mobile health design.

4. Include stakeholders with a diverse set of

Design target skills and perspectives and

populations 5. Involve all stakeholders from the beginning
and throughout the design process of mHealth
interventions.
6. Examine the ethical issues surrounding

V. DISCUSSION

In response to several requests for more information on
how to design mHealth interventions that effectively engage
their users and measure engagement, this systematic literature
review paints a picture of how these design processes address
user engagement and their socio-cultural contexts. As a
methodological framework, user-centered design is used, and
related projects that explicitly apply that framework are
presented. Based on the articles we reviewed, we used
thematic synthesis to identify design processes that increased
user engagement with mHealth interventions. This paper
discusses six analytical themes related to the design process
that can strengthen user engagement with mHealth
interventions. We created a design process checklist that
improves user engagement to encourage better application of
the study's findings to future mHealth intervention
development. This tool contains 16 evidence-based items that
are clearly described for mHealth intervention designers and
developers.

This research yields four major findings. To begin, a
robust design process for user engagement with mHealth that
incorporates users' socio-cultural contexts into the design of
mHealth interventions is required. It has been established that
the socio-cultural contexts associated with user engagement
are important factors to consider when attempting to achieve
user engagement with technology [11]. Techno-social design
(TSD) and culture-centered design (CCD) are design
principles that emphasize users' social and cultural
backgrounds [93]. CCD focuses on the target user and their
specific cultural situation. It offers a complementary, rather
than diametrically opposed perspective to existing design
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methodologies [93]. These design approaches would
incorporate user feedback into the mHealth intervention
design process. Ethnographic observation or any other
methods of describing the mechanism of user engagement
with mHealth applications and designing engaging mHealth
applications could be used in user research.

Second, the systematic review of literature revealed that
mHealth designs should explicitly use user- or human-
centered design approaches and involve users from the
beginning to understand their needs, as well as throughout the
mHealth design process. This finding is consistent with user-
centered design interpretations and requirements, which assert
that such a process must involve users and understand their
needs early and throughout an iterative process.

Third, mHealth initiatives could conduct initial evaluations
by soliciting user feedback (for example, through semi-
structured interviews or surveys), users interacting with
mHealth application prototypes using the usability inspection
method and asking detailed questions of what users
recognized from the prototype and how it engaged them
during user testing.

Finally, more collaboration between patient and clinician
populations in mHealth design should be allowed in all
mHealth projects. Involvement and engagement of
stakeholders (patients and clinicians) in research teams should
be encouraged in order to foster an appropriate partnership. To
keep the use of mHealth tools relevant, [94] states that a
technology-enabled health care partnership with patients and
clinicians is required.

We acknowledge some limitations in our work, namely
that the literature on mHealth design processes is primarily
focused on efficacy and general user experience, as well as
other design objectives, with eleven of 32 articles emphasizing
the importance of identifying socio-cultural contexts of the
user group in the mHealth design process. The articles,
however, did not provide extensive and clear guidance,
frameworks, or methods for uncovering such socio-cultural
contexts in order to improve user engagement with mHealth
technology. There was little evidence of these design
processes being evaluated (as opposed to mHealth
intervention evaluations). As a result, there is a gap in
understanding and examining the factors that influence
mHealth engagement, acceptance, and usage processes within
the mHealth design process. This gap explains why mHealth
interventions are poorly accepted and have a limited impact.

Despite these limitations and constraints, we believe the
research findings have significant implications, prompting us
to make the following recommendations.

1) An ideal mHealth app user engagement framework
should capture the users' sociocultural contexts in order to
assist mHealth developers and implementers in determining
which aspects of the interaction with technology engage, or
fail to engage, users. This would overcome the limitations of
previous frameworks by covering the design of mHealth apps
for user engagement.

Vol. 13, No. 2, 2022

2) To assess user engagement with an app, mHealth
evaluation criteria should be clear, concise, specific, and
objective. It is also critical to assess user engagement early in
the design process of mHealth interventions and consider
improving the user-centered design framework and perhaps
using other frameworks, particularly techno-social design
(TSD) and cultural centered design (CCD), that consider
design principles emphasizing users' social and cultural
contexts in the design of mHealth interventions.

3) A comprehensive objective mHealth user engagement
design framework requires future testing on various platforms
across many mHealth implementations to determine a low-
burden approach to improve user engagement cheaply and
efficiently.

4) There are contributions about theory-based mHealth
systems for, user-engaged mHealth interventions based on
behavioural techniques. However, the reviews emphasize the
need to develop a framework that will employ processes and
tools that uncover socio-cultural contexts of end users into the
design of mHealth technologies and encompasses all the areas
that this systematic review identified as important for user
engagement with mHealth.

VI. CONCLUSION

This systematic review of the literature looks at articles
that focus on the design processes of mHealth interventions.
We provided a thorough comparison of the design methods
and who the design targets for mHealth design interventions,
highlight trends in the mobile design process, targeting
patients and/or clinicians, including design goals implemented
alongside the mHealth interventions, design process approach
used, sociotechnical aspects of the systems, and mHealth
intervention evaluations. The strengths and weaknesses of
existing mHealth design processes for user engagement are
discussed, and recommendations for future research in these
areas are made. We discovered that only a few of the reviewed
articles considered the evaluation of mHealth interventions,
and the majority of the articles did not consider a framework
that will incorporate processes and tools that uncover end
users' socio-cultural contexts into the design of mHealth
technologies. According to the findings, the participatory
approach of user-centered designs was most frequently used in
the review articles.
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