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Abstract

Background: Mobilehealth (mHealth) interventions areincreasingly being designed to facilitate health-rel ated behavior change.
Integrating insights from behavioral science and design science can help support the development of more effective mHealth
interventions. Behavioral Design (BD) and Design Thinking (DT) have emerged as best practice approaches in their respective
fields. Until now, little work has been done to examine how BD and DT can beintegrated throughout the mHealth design process.

Objective: The aim of this scoping review was to map the evidence on how insights from BD and DT can be integrated to guide
the design of mHealth interventions. The following questions were addressed: (1) what are the main characteristics of studies
that integrate BD and DT during the mHealth design process? (2) what theories, models, and frameworks do design teams use
during the mHealth design process? (3) what methods do design teams use to integrate BD and DT during the mHealth design
process? and (4) what are key design challenges, implementation considerations, and future directions for integrating BD and
DT during mHealth design?

Methods: This review followed the Joanna Briggs I nstitute reviewer manua and PRISMA-ScR (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses Extension for Scoping Reviews) checklist. Studies were identified from MEDLINE,
PsycINFO, Embase, CINAHL, and IMIR by using search termsrelated to mHealth, BD, and DT. Included studies had to clearly
describe their mHealth design process and how behavior change theories, models, frameworks, or techniques were incorporated.
Two independent reviewers screened the studies for inclusion and completed the data extraction. A descriptive analysis was
conducted.

Results: A tota of 75 papers met the inclusion criteria. All studies were published between 2012 and 2021. Studies integrated
BD and DT in notable ways, which can be referred to as “Behavioral Design Thinking.” Five steps were followed in Behavioral
Design Thinking: (1) empathize with users and their behavior change needs, (2) define user and behavior change requirements,
(3) ideate user-centered features and behavior change content, (4) prototype a user-centered solution that supports behavior
change, and (5) test the solution against users’ needs and for its behavior change potential. The key challenges experienced during
mHealth design included meaningfully engaging patient and public partners in the design process, transating evidence-based
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behavior change techniquesinto actual mHealth features, and planning for how to integrate the mHealth intervention into existing
clinical systems.

Conclusions: Best practices from BD and DT can be integrated throughout the mHealth design process to ensure that mHealth
interventions are purposefully developed to effectively engage users. Although this scoping review clarified how insights from
BD and DT can beintegrated during mHealth design, future research is needed to identify the most effective design approaches.

(JMIR Mhealth Uhealth 2022;10(3):€35799) doi: 10.2196/35799
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Introduction

Background

Digital health interventions are increasingly being designed to
help people managetheir health [1]. Many of these digital health
interventions seek to facilitate behavior change and are often
referred to as “ digital behavior change interventions” (DBCIs)
[2]. Among the wide range of DBCIs available, mobile health
(mHealth) interventions have the potential toimprovethereach
and efficiency of health support owing to the widespread use
of mobile phones[3,4]. Despite the potential impact of mHealth
DBCIs, there is mixed evidence on whether they are effective
at changing health behavior and improving health outcomes
[3]. One concern is that patients and the public struggle to
“effectively engage” with mHealth DBCls [5,6]. Effective
engagement with mHealth DBCIs has been defined as
necessitating both microengagement with the mHealth interface
itself (eg, logging into the app, entering data) and
macroengagement with the behavior changes the mHealth
intervention aims to support (eg, performing the exercises
prescribed by the app) [6]. Therefore, for an mHealth DBCI to
“effectively engage” users, it must be designed with engaging
user-centered features to support microengagement and
evidence-based behavior change techniques (BCTSs) to support
macroengagement.

To design effective behavior change content, there is evidence
that mHealth interventions devel oped using the behavior change
theory and BCTs are more likely to be effective than those
without [ 7]. Behavioral scientists have been devel oping methods
to systematically transition from diagnosing a behaviora
problem to designing a behavior change intervention [8-11],
which can be referred to as Behaviora Design (BD) [12].
Bondaronek and colleagues [13] provide several examples of
how BD can be operationalized in publicly available physical
activity apps. For instance, the app “Movesum” uses BCT 1.1
Goal Setting (Behavior) in theform of an easily adjustable step
count goal [13,14]. BCT 1.1 Goal Setting (Behavior) is
particularly useful when users struggle to plan for what they
want to achieve or how they want to act [15]. Overall, BD can
be operationalized in diverse ways but generaly involves the
following steps: (1) understanding the behavioral problem, (2)
making a behavioral diagnosis for the target behavior using
behavioral theories, models, and frameworks, (3) identifying
relevant BCTs using taxonomies and classifications, (4)
translating BCTs into intervention features, and (5) evaluating
behavior change outcomes.
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To design engaging user-centered mHealth features, there is
evidence that mHealth interventions developed using person-
and user-centered design processes are more likely to facilitate
user engagement and improveintervention effectiveness[16,17].
Person- and user-centered design processes vary in terms of
their operationalization but always put user needs at the forefront
of design. Design Thinking (DT) isacommon framework used
in design science to guide creative user-centric designs for
mHealth [18]. Design thinkers can use a range of approaches
during the design process to ensure user-centeredness, such as
directly involving users in app development or referring to
Nielsen's 10 usability heuristics [19]. The Nielsen Norman
Group provides severa detailed examples of how different
usability principles can be implemented in application design
[20,21]. Overdl, DT can be executed in different ways but
generaly involves the following steps: (1) empathizing with
the user, (2) defining the user requirements, (3) ideating
functional concepts, (4) prototyping the user-centered solution,
and (5) testing the solution to seeif users’' needs are met. Despite
knowledge about what constitutes“ effective engagement” with
mHealth DBCIs, a recent scoping review of DBCIs devel oped
over the past 2 decades found that most design teams make
limited use of BCTsand do not adequately describe the methods
they employ to meet users' needs [22]. This scoping review
concluded that DBCI practitioners have little guidance on how
to integrate best practices from behavioral science and design
science, and a need exists to devel op guidance to support them
through this process [22]. This conclusion has been reiterated
acrossthe literature, with experts agreeing that methodol ogical
guidanceisrequired to design effectively engaging DBCIs[23].

Experts have also begun to discuss similarities and differences
between approaches used by design scientists and behavioral
scientists [24-26]. For example, design scientists often rely on
end users to ideate content based on their stated preferences,
needs, and recommendations. They iteratively build
interventions by using ongoing feedback, with a focus on
producing creative solutions that users will enjoy (ie, ensuring
the users are microengaged). In contrast, behavioral scientists
focus on producing solutions that will nudge behavior change
(ie, ensuring the users are macroengaged). Behavioral scientists
often rely on theory- and evidence-based linkagesto understand
behavioral problems and select intervention content. They
rigorously test solutions against their ability to effect behavior
change and not necessarily how and whether the user isengaging
with them. Nonetheless, both approaches emphasize the
importance of understanding and diagnosing the problem at
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hand before proposing, designing, and implementing a sol ution.
Both approaches also aim to ensure that the resulting solutions
are designed purposefully to achieve user engagement.
Amalgamating best practicesfrom DT and BD may be mutually
beneficial and help design teams develop more “effectively
engaging” DBCIs[24-26]. Thereis currently a knowledge gap
with respect to how best practices from DT and BD can be
integrated to develop “effectively engaging” mHealth DBCIs.
Specificaly, little is known about how DT and BD can be
blended throughout the mHealth DBCI design processto ensure
that microengagement and macroengagement needswill be met.

Aims and Objectives

The aim of this scoping review was to identify and map how
design teams have integrated best practices from BD and DT
throughout the mHealth DBCI design process. By clarifying
how BD and DT can beintegrated, thisreview aimed to provide
guidance on how mHealth DBCls can be designed to more
“effectively engage” patientsand the public. Thisscoping review
addressed the following questions: (1) what are the main
characteristics of the studiesthat integrated BD and DT during
the mHealth DBCI design process? (2) what theories, models,
and frameworks did design teams use during the mHealth DBCI
design process? (3) what methods did design teams use to
integrate BD and DT during the mHealth DBCI design process?
and (4) what are the key design challenges, implementation
considerations, and future directions for the integration of BD
and DT during mHealth DBCI design?

Methods

Study Design

The Joanna Briggs Ingtitute reviewer’'s manual was used to
guide the conduct of this scoping review [27]. The scoping
review follows the PRISMA-ScR (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses Extension for
Scoping Reviews) checklist (see Multimedia Appendix 1) [28].
A scoping review protocol was drafted internally among key
stakeholders, including mHealth software architects, mHealth
design team managers, an information specialist, and several
researchers with experience in the topic.

Search Strategy

The search strategy was developed by the lead author in
collaboration with an information specialist. Initial searches
were conducted in journal s highly relevant to our research topic
(eg, Cochrane, IMIR journals) to identify suitable search terms.
A series of initial searches in MEDLINE were completed to
analyze the text words contained in the title and abstracts of
retrieved papers and index terms used to describe the papers.
A fina list of search terms was compiled, and a search of the
databasesMEDLINE, PsycINFO, EMBASE, and CINAHL was
completed on May 15, 2021. A handsearch of Journal of
Medical Internet Research was aso completed on May 15,
2021, asthiswas recognized as ajournal highly relevant to the
research topic. A gray literature search and a review of paper
reference lists were not conducted. This decision was made to
tighten the scope of the review around the research objectives,
given time and resource constraints. Search terms combined
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the following topics: mHealth, behavior change, and design
thinking. The full search strategy can be seen in Multimedia
Appendix 2.

Eligibility Criteria

Included papers had to be primary studies, where a full-text
paper described the design process of an mHealth DBCI. More
specifically, included papers had to describe how BD and DT
practices were integrated throughout the design of an mHealth
DBCI that aimed to support behavior change in patients or the
public. To meet these criteria, the papers had to clearly describe
their mHealth DBCI design process, addressing at least 3 of the
5 design process steps suggested in DT (empathizing, defining,
ideating, prototyping, and testing) [18]. In addition, papers had
to clearly describe how behavior change theories, models,
frameworks, or techniques were incorporated into the mHealth
design process. Studiesthat only used behavior changeinsights
to evaluate the mHeath DBCI after development were
excluded. Furthermore, studies that described an mHealth
intervention designed to provide a psychological treatment (eg,
cognitive behavioral therapy) without describing how their
design process utilized behavior change theories, models, and
frameworks to support “effective engagement” were also
excluded. No limitations were put on the year of publication;
however, only papers published in English were included. To
be eligible, the intervention must have been an mHealth
intervention, defined by the World Health Organization as
“health care and public health practice supported by mobile
devices such as mobile phones, tablets, patient monitoring
devices, and other wirelessdevices’ [4]. The intervention must
also have been designed for use by patients or the public. If the
intervention was designed only for use by hedth care
professionals, it was excluded.

Evidence Selection

Studies from the database searches were handled using
Covidence (Veritas Hedth Innovation Ltd) reference
management software. Papers were deduplicated and imported
for screening using Covidence. A 2-level screening was
performed after duplicate removal. During level 1 screening,
titles and abstracts were screened using the eligibility criteria.
Publications with title or abstract not meeting the eligibility
criteriawere excluded. During level 2 screening, full-text papers
that passed level 1 were screened. Studiesthat met the eigibility
criteria were included for full data extraction. Consistent with
PRISMA-ScR, reasons for exclusion were recorded at the
full-text level [28]. Prior to the selection of sources, 2 reviewers
completed a pilot screening of 50 titles and abstracts to assess
thereliability of the eligibility criteria. Interrater agreement for
study inclusion was cal culated using percentage agreement. If
agreement was lower than 80%, the eligibility criteria would
be clarified and another pilot test would occur. All interrater
discrepancies during level 1 and 2 evidence selection were
resolved between the 2 reviewers upon discussion. The 2
reviewers screened al titles, abstracts, and full-text papers for
inclusion.
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Data Extraction

The reviewers extracted data from the eligible papers by using
2 data extraction forms. The first data extraction form elicited
the main study characteristics, including lead author, year of
publication, journal of publication, country of origin, study
design, study purpose, target user population, the health issue,
the target health behavior, mHealth DBCI summary, mHealth
DBCI design process duration, and the members of the mHealth
DBCI design team. The second data extraction form elicited
details about how BD and DT were integrated throughout the
design process, which included extracting types of theories,
models, and frameworks used; the approaches design teams
used to integrate best practicesfrom BD with DT over the course
of the mHealth DBCI design process, key chalenges in the
mHealth DBCl design process, key implementation
considerations for mHealth DBCIs, and future considerations
for the mHealth DBCI design. The data extraction forms were
drafted, revised, and agreed upon by the 2 reviewers after an
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iterative process of implementing the extraction forms on a
sample of papers.

Analysis and Presentation of Results

A descriptive analysis of the included papers was conducted to
meet the objectives of the scoping review. Narrative
descriptions, frequency calculations, and visual diagramswere
utilized to communicate the results.

Results

Evidence Selection

A total of 1912 papers were identified from the searches. After
651 duplicate studies were removed, 1252 paperswere screened
based on their titles and abstracts, with 255 full-text papers
meeting the eligibility criteria. After full-text review, 75 papers
fulfilled the eligibility criteria and were included in the final
review. Figure 1 shows the PRISMA-ScR flow diagram
illustrating the paper selection process [28].

Figurel. PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews) flow diagram of the

study selection process.
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o
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Main Characteristics of the Included Papers

All 75 primary studieswere published between 2012 and 2021,
with a surge from 2018 onward (51/75, 68%). The Journal of
Medical Internet Research and its sister journals accounted for
almost 55% (41/75) of the papers included. The United States
(24/75, 19%), the United Kingdom (13/75, 17%), Austraia
(10/75, 13%), and Holland (9/75, 12%) were the most common
study locations. The target population of the mHealth DBCls

https://mhealth.jmir.org/2022/3/e35799

varied, with the most common being patientswith cardiovascular
issues (7/75, 9%), patientswith diabetes (5/75, 7%), adultswith
overweight and obesity (5/75, 7%), adults who smoke (5/75,
7%), adults with poor physical activity levels (5/75, 7%), and
cancer survivors (5/75, 7%). The target health behaviors
addressed al so varied, with the most prominent being improved
physical activity (18/75, 24%), improved diet (17/75, 23%),
disease self-management (12/75, 16%), preventative heath
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behaviors (6/75, 8%), adherence to medication (5/75, 7%),
adherence to rehabilitation programming (5/75, 7%), and
smoking cessation (5/75, 7%). mHeath DBCI design teams
were multidisciplinary intheir membership. Membersincluded
researchers, patients, caregivers, community partners, clinicians,
technology developers, and experts in behavior change, health
psychology, health communications, health promotion, and
health informatics. Topic expertswere also relied on depending
on the type of intervention (eg, diabetes educators). Software
engineers, computer scientists, videographers, product designers,
and graphic designers were brought to assist with the
development of the mHeadlth intervention, athough it was
usualy unclear when they were included. The design process
duration was usually not reported. Out of the 14 interventions
that clearly reported design process duration, there was alarge
variation in timespan, ranging from less than 3 months to

Voorheis et al

upwards of 4 years. Multimedia Appendix 3 provides an
overview of the main study characteristics, and Multimedia
Appendix 4 provides afull list of the 75 studies included.

Theories, Models, and Framewor ks Used During
Design

Studies used a variety of theories, models, and frameworks in
their mHealth DBCI design process. Theories, models, and
frameworkswere most often used to (1) guide the design process
itself, (2) conceptualize the behavior change problem, (3)
identify relevant BCTs, and (4) evauate ideas for their
applicability, feasibility, or potentia effectiveness. Figure 2
summarizesthe types of theories, models, and frameworks used
inthe mHealth DBCI design process, and Multimedia A ppendix
5 provides a detailed breakdown.

Figure 2. Theories, models, and frameworks used in mobile health digital behavior change intervention design. ABACUS: App Behavior Change
Scale; APEASE: Acceptability, Practicability, Effectiveness, Affordability, Side-effects, and Equity; BCT: behavior change technique; COM-B:
capability, opportunity, motivation-behavior; DBCI: digital behavior change intervention; IDEAS: Integrate, Design, Assess, and Share; mHealth:
mobile health; MoSCoW: must-have, should-have, could-have, and won't-have, or will not have right now; PRECEDE: Predisposing, Reinforcing, and
Enabling Constructs in Educational Diagnosis and Evaluation; PROCEED: Policy, Regulatory, and Organizational Constructs in Educational and

Environmental Development.

Theories, Models, and Frameworks
used in mHealth DBCI design

Guide Conceptualize
Theories, models, and
frameworks that help guide
teams through the design
process of creating an
mHealth DBCI

Theories, models, and
frameworks that help teams
make sense of the behavior

DBCI has to solve

eg, Behavior Change Wheel,
Intervention Mapping,
IDEAS Framework,
User-Centred Design Process

eg, COM-B,
Social Cognitive Theory,
Theaoretical Domains Framework,
Theory of Planned Behavior

Methods Used to Integrate BD and DT During the
mHealth DBCI Design Process

Regardless of the theories, models, and frameworks teams used
to design their mHealth DBCIs, they integrated best practices
from BD and DT in notable ways. We refer to the mixing of
BD and DT throughout the mHealth DBCI design process as
the “Behavioral Design Thinking Approach” (see Figure 3).
The Behavioral Design Thinking Approach presents a new
method of designing mHealth DBCIs, which is the result of
merging together best practices from BD and DT. Multimedia
Appendix 6 provides further detail on the Behavioral Design
Thinking Approach along with several specific examples on
how BD and DT can be integrated.

Generally, 5 steps are followed in the Behaviora Design
Thinking Approach: (1) empathize with users and their behavior
change needs, (2) define user and behavior change requirements,

https://mhealth.jmir.org/2022/3/e35799

change problem that the mHealth

Identify Evaluate

Theories, models, and
frameworks that help teams
evaluate ideas and solutions
for their feasibility, relevance,
and potential effectiveness

Theories, models, and
frameworks that help teams
select pertinent behavior
change techniques and
strategies for the mHealth DBCI

eg, BCT Taxonomy,
Gamification Principles,

Persuasive Design,

Nudging Thecries

eg, APEASE Criteria,

MoSCoW Methods,

PRECEDE-PROCEED,
ABACUS Tool

(3) ideate user-centered features and behavior change content,
(4) prototype a user-centered solution that supports behavior
change, and (5) test the solution against users' needs and for its
behavior change potential . Acrossthese steps, studiesintegrated
DT and BD in different ways, often “driving” their mixing in
acertain direction. The3waysDT and BD were mixed included
(1) DT and BD approaches were equally weighted (notation =
DT+BD), (2) DT drove the approach, with concepts from BD
supplementing the DT approaches (notation= DT - BD), or (3)
BD drove the approach, with concepts from DT supplementing
the BD approaches (notation = BD - DT). Overall, studies
tended to “empathize’ by blending DT and BD equaly
(DT+BD), “define” by blending DT and BD equally (DT+BD),
“ideate” by driving the process by BD (BD - DT), “ prototype’
by driving the processby DT (DT - BD), and “test” by driving
theprocessby DT (DT - BD). These gpproachesare summarized
in the text below.
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Figure 3. The behavioral design thinking approach [5,6]. BCT: behavior change technique; DBCI: digital behavior change intervention; mHealth:

mobile health; Ul: user interface; UX: user experience.

An mHealth DBCI that supports "Effective Engagement”
e
[P)I'Dl?lem . Engaging Evidence-Based . i .
"ngselgtrilvaerl'ly User Not Engaged Ul and UX BCTs User “Effectively Engaged
Engaging” =
— .
A %
mHealth & & 5,_,- [ ] O
DBCI + Jr—
*Based on Supports Supports
Cole-Lewis et
al [5] and
Yardley et al [6] K )
1 | r— [ ctenz | [ ctend | [ ciens |
—| Design Process '—' Step1 | Step 2 Step 3 Step 4 Step 5 )
Design Empathize with users’ Ideate functional Prototype a Test solution
Method: @ Think.?ng needs, desires, and [ieeg:ierg:el:::r features and user-centred against users’
Design experiences content solution needs
Thinking +
Behavioral + + + + +
Design =
. . Understand the Define the target . Translate BCTs Test for
i Behm_‘mral behavioral behavior and make Idenu;ycr_relevam into intervention behavior change
Design problem behavioral diagnosis s features outcomes
1 —— ——
—| Design Process '—' step1 | Step2 Step 3 Step 4 Step § )
Solut!on: . Empathize Define Ideate Prototype _Test
Behavioral — Behavioral with users user requirements user-centred a user-centred against user
Design \:-].\ Design and their and behavior features and solution that needs and for
Thinking ] Thinkin behavior change behavior change supports behavior change
change needs requirements conten ehavior change potential
Approach 9 q q tent behavior ch tential

Behavioral Design Thinking Approach

Behavioral Design Thinking Step 1: Empathize With
Usersand Their Behavior Change Needs

Most studies described how they empathized with users while
simultaneously conceptualizing the behavior change problem
(66/75, 88%), blending conceptsfrom DT and BD harmoniously
(notation = DT+BD). To empathize with the users who would
perform atarget behavior, studies analyzed users’ experiences,
perceptions, beliefs, needs, and preferences with their health
issues, health behaviors, health interventions, and mobile app
usage. To understand the behaviorsthat the users will perform,
studies examined applicabletarget health behaviors, behavioral
determinants, BCTs, and behaviora theories, models, and
frameworks. Finally, to understand the context that the users
perform the behavior in, studies assessed current practices and
programs, relevant personal, social, environmental, and
structural factors, and pertinent clinical, usage, and behavioral
aims. Studies used primary research (eg, interviews, focus
groups, surveys, creative workshops) and secondary research
(eg, secondary dataanalyses, literature reviews, reviews of other
interventions, guidelines, practices) to empathize. Studies not
only involved patient and public end users during this step

https://mhealth.jmir.org/2022/3/e35799

(48/75, 64%), but also involved health care practitioners,
community partners, behavioral experts, design scientists, and
technology developers. To directly involve patients and the
public, studies used a variety of tools such asinterview guides
informed by behavior change models and visual presentations
of appsto stimulate collaborative discussion.

Behavioral Design Thinking Step 2: Define User and
Behavior Change Requirements

Studies tended to analyze the empathy resultsin order to define
system requirements that would meet both users' needs and
behavior change needs (notation = DT+ BD). Studies tended to
define user-centered requirements by sorting users stated
preferencesinto key themes to be addressed. Studies tended to
define the behavior change requirements by using the empathy
results to formulate a “behavioral diagnosis,” which outlines
the behavioral determinants that need to be addressed. When
studies organized the requirementsinto an amal gamated format,
DT or BD usually drove the organization. For example, some
studies used tables organized by the relevant behavioral
determinants, whereby they would then list corresponding user
quotes and resultant requirements alongside the behavioral
determinants. Other studies opted to use the requirements to
create holistic user personas and scenarios. Regardless of the
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approach to amalgamate and make sense of the requirements,
the requirement lists were often lengthy and needed to be
refined. Refining the requirementsinvolved (1) identifying the
requirementsthat met the project scope and objectives, (2) using
feasibility criteriato refine and select certain requirements, (3)
consulting experts and patient and public usersto prioritize the
requirements, and (4) ranking the most important requirements
according to their likelihood to elicit behavior change, alignment
with current practices, adaptability to a digital interface,
acceptability to users, and compatibility with data collection
needs.

Behavioral Design Thinking Step 3: 1deate
User-Centered Features and Behavior Change Content

Most studies described how they translated requirements into
design content and features by using ideation methods (67/75,
89%). Generally, studies drove their ideation methods using
BD (notation = BD -, DT). For instance, several studies relied
only on BD to ideate the relevant behavior change content
(19/67, 28%). These studies used researcher-led “behavioral
mapping” to match rel evant behavior change determinantswith
BCTsby using evidence-based taxonomies and tested linkages.
It was often unclear, however, exactly how these studies
translated the identified BCTs into content for the mobile app.
Other studies attempted to completement BD approaches with
DT methods during their ideation (48/67, 72%). In these cases,
studieswould creatively ideate design content and features that
would support behavior change while also meeting users’ needs
and preferences. These studies relied on different techniques
such as design team brainstorming, expert stakeholder panels,
technology partner consultation, and end user co-design efforts.
Design teams tended to brainstorm how the behavior change
insights could be integrated with users' preferences, existing
programming, norms in mHealth design, and clinical
management needs. Stakeholder panels would discuss al the
requirements and consider the most appropriate strategies
(dosage, delivery, organization, and personalization).
Technology partners would specify how requirements could be
operationalized within an mHealth app. Patient and public
partners would contribute to co-design sessions to create and
reflect on ideas, content, and designs. Approximately 34%
(23/75) of the studies appeared to directly involve patient and
public users during this step to ensure that the ideated content
met their unique needs.

Behavioral Design Thinking Step 4: Prototype a Solution
That Is User-Centered and Supports Behavior Change

Many studies did not clearly describe the prototyping methods
they used to trand ateideated content and featuresinto functional
solutions (28/75, 36%). Studiesthat described their prototyping
approach tended to drivetheir prototyping by using DT (notation
= DT- BD). For instance, a large proportion of studies only
used prototyping methods, tools, and aids traditional to DT
(37/47, 79%). DT prototyping methodsusually involved iterative
prototyping, feedback, and refinement, often utilizing sprint,
scrum, or agile methods. DT prototyping tools included
wireframing, paper prototyping, application flowcharts, and use
case scenarios. DT prototyping aids included tools such as
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Nielsen’'s usability heuristics [19] and the Eight Golden Rules
[29]. Despite reliance on DT for prototyping, severa studies
supplemented DT methods with BD considerations to ensure
that behavior change content would be operationalized within
the prototyped solution (10/47, 21%). For example, to
supplement DT prototyping methods, some studies utilized BCT
codevelopment to ensure that BCTswere not lost in trandation
during technological development. To supplement DT
prototyping tools, some studies elected to make BCT flowcharts
to clarify how the BCTs would be interacted with. To
supplement DT prototyping aids, some studies also used the
Behavioral Intervention Technology Model [30] or the
Persuasive Systems Design Framework [31], which were
behaviorally informed models used to guide feature selection.
Among the studies that clearly described their prototyping
methods, just over half appeared to directly involve patient and
public end usersin their prototyping process (26/47, 55%).

Behavioral Design Thinking Step 5: Test Solution
Against User Needs and for Its Behavior Change
Potential

A large proportion of studies did not clearly describe how they
tested their mHealth DBCI solution within the design process
(18/75, 24%). Studiesthat described their testing methods tended
to drive their testing by methods traditional to DT (notation
=DT-BD). For instance, a considerable number of studies
relied exclusively on DT evaluation approaches such as heuristic
evaluation, usability testing, expert evaluation, and pilot testing
to evaluate the solutions against users needs (33/57, 58%).
Despitereliance on DT for testing, some studies supplemented
these testing methods with BD considerations to evaluate the
solution for its behavior change potentia (24/57, 42%). For
instance, in addition to traditional DT heuristic evaluation, some
studies conducted aBCT evaluation to assess the final solution
for the presence of known BCTs. In addition to traditional DT
usability testing, some studies“tagged” BCT componentswithin
the app to follow how users engaged, accepted, and perceived
the intended BCTs. Some studies also conducted posttest user
interviews directed by interview guides based on constructs of
a behavioral model. In addition to traditional DT expert
evaluations, some studies brought on behavioral science experts
to assessthe extent to which theintervention content had fidelity
to the intended BCTs. Experts also could assess the quality of
the mHealth DBCI by using the App Behavior Change Scale
[32]. If pilot tests were conducted, specific behavior change
outcomes could be evaluated in addition to traditional usage
metrics. Metrics included change in knowledge, change in
intentions, state of behavior change, user experiencewith BCTS,
perceived potential of BCTs, and user engagement with BCTSs.

Design Challenges, | mplementation Consider ations,
and Future Directions

In addition to describing their design process, studies also
identified key implementation considerations, design challenges,
and future directions for mHealth DBCI design. These have
been summarizedin Textbox 1. Multimedia Appendix 7 expands
on these resultsin further detail.
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Textbox 1. Key design challenges, implementation considerations, and future directions.

Design challenges

content can be confusing.

Implementation consider ations

. Facilitate early stakeholder buy-in.
« Planfor theintegration of the mHealth DBCI into clinical systems.

. Usefeasibility criteriathroughout the entire design process.

Futuredirections

«  Guidance on the design process for mHealth DBCls.

«  Design process can be time and resource consuming, especially when the design approach is unclear.
« Recruiting and involving representative end users and key stakeholders can be difficult.
«  Conflicting ideas can result from integrating behavioral theory, user needs, and stakeholder views.

« Thetrandation of behavior change techniques into actual mobile health (mHealth) digital behavior change intervention (DBCI) features and

o  Thedesign processistime limited and usually may not allow for comprehensive evaluation.
« Integrating the mHealth DBCI into clinical practice can be complex.

«  mHealth platforms come with their own technical challenges and limiting factors.

«  Evaluate potential implementation barriers and facilitators during the “testing” step.

o Useanimplementation plan (marketing, dissemination, onboarding, adoption, usage, sustainability).

«  Guidance on how to operationalize behavioral change techniques within mHealth DBCls in auser-friendly way.
«  Guidance on how to meaningfully involve users and stakeholdersin the design process.

«  Guidance on how to tailor mHealth DBCIs to meet behavioral, personal, and clinical needs.

Discussion

Primary Findings

This paper presents a systematic scoping review of 75 papers
that described their design process for developing an mHealth
DBCI. Thisreview addressed agap in the literature about how
mHealth interventions can be designed to integrate practices
from DT and BD. Although the number of mHealth DBCls
seems to be growing, the results highlight substantial
heterogeneity in the methods studies used to design them. This
scoping review aimed to clarify, map, and synthesize the
different methods that can be used to design mHealth DBCls.
A new consolidated approach to mHealth DBCI design is
presented—the Behavioral Design Thinking Approach. A large
proportion of mHealth DBCls were designed to facilitate diet-
and exercise-related behavior change. Similar findings were
noted in a scoping review on DBCI design over the past 2
decades [22]. Nonetheless, the results point to alack of clarity
about how mHealth DBCI content and features were ideated
and operationalized. Severa studiesin thisreview struggled to
trandate BCTsinto user-friendly mHealth features. Studiesalso
ended up trying to fit several BCTs within the mHealth app,
increasing app complexity. To simplify the user experience,
several studies noted that personalization may be an important
future direction for thefield. Tailoring mHealth content to users
unique behavioral, clinical, and personal needs can help facilitate
the delivery of features to support effective engagement [33].
Ensuring that design teams use appropriate questions and metrics

https://mhealth.jmir.org/2022/3/e35799

to inform personalization will be essential. This further
exemplifiesthe need for the meaningful involvement of patients
and the public in mHeath DBCI design. Regarding the
meaningful involvement of patients and the public in the
mHealth DBCI design process, this review found that patients
and the public were most often involved as participants (eg, in
user interviews, surveys, testing) rather than as partners on the
design team itself. Patients and the public appeared to have
minimal direct input on design decision-making throughout the
mHealth DBCI design process. Growing calls are being made
to prioritize the unique perspectives of patients and the public
during design [16,17]. Involving end usersin the design process
has been suggested to increase the effectiveness, relevance, and
appropriateness of mHealth DBCIs[16,17]. Nonetheless, design
teams appear to have little guidance on how to meaningfully
engage patient and public end usersin the design processitself
[34-37].

Theories, Models, and Framewor ks Used During
Design

Regarding the theories, models, and frameworks that studies
used during mHealth DBCI design, design teams appeared to
face avast array of these “tools’ from different fields, created
for different purposes. Although studies reported benefiting
from the structure that these tools offered, a best practice
approach for integrating DT and BD insights to develop
“effectively engaging” mHealth DBCls did not appear to exist.
This scoping review offers a classification of the types of
theories, models, and frameworks that teams can use during
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mHealth DBCI design and offers a consolidated approach for
guiding the design process in general.

Methods Used to Integrate BD and DT During the
mHealth DBCI Design Process

During the integration of DT and BD throughout the mHealth
DBCI design, key similarities and differences between the 2
approaches were observed. During the empathizing step, users
preferences often differed from what was needed to change their
behavior. Balancing user-stated preferences with evidence-based
behavior change strategies and mHealth platform requirements
was achallengefor teams. During the defining step, it wasclear
that blending DT and BD perspectives resulted in lengthy and
complex requirements. Involving users and topic experts to
refine these requirements appeared to be a helpful strategy.
During ideation, BD relied on evidence-based linkagesto ideate
content, whereas DT relied on iterative brainstorming and
collaborative creation. Studies reconciled these different
approaches by starting with BD to develop a list of relevant
BCTsandthenusing DT to creatively integrate BCTs and other
requirementsinto the mHealth DBCI. The prototyping step was
the least well described among studies but usually relied on
approaches traditional to DT. Studies that brought on their
technology partner only at the prototyping stage often had to
add additional methods to ensure that BCTs were
operationalized as imagined. The testing step was aso
dominated by DT, as it was challenging to meaningfully test
for behavior change outcomes within the time constraints
imposed by the design process. Nonetheless, several measures
were used by studiesto assessthe solution’s potential to support
behavior change.

Design Challenges, | mplementation Consider ations,
and Future Directions

Finally, regarding key implementation considerations, design
challenges, and future directions, several cross-cutting themes
wereidentified. In addition to ensuring that BD and DT insights
were incorporated into the mHealth DBCI design, many teams
noted that planning for implementation of the mHealth DBCI
wasjust asimportant for ensuring success. Using insights from
BD and DT may a so berelevant in designing an implementation
plan for the mHealth DBCI. Implementation planning appears
to be particularly complex in this context, as many mHealth
DBCIs need to be integrated with existing clinical systems and
norms. Regardless of how evidence-based and user-friendly the
mHealth DBCI may be, if stakeholder buy-in, system adaptation,
and clinical sustainability issuesare not taken into consideration,
the mHealth DBCIs are likely to fail. Future research must
address the lack of guidance design teams have in developing
and implementing effective mHealth DBCls. Particularly, design
teams have little guidance on the “tools” (ie, theories, models,
and frameworks) they can use, how to meaningfully involve
patient and public end users, and how to tailor mHealth DBCI
content to meet behavioral, personal, and clinical needs.

Voorheis et al

Limitations

The most significant limitation of this scoping review was that
the inclusion criteria necessitated that each included paper had
to beafull-text primary study that clearly described the mHealth
design process. This decision was made to tighten the scope of
this review and owing to limited time and resources. Although
the systematic database search was not supplemented by agray
literature search or areview of reference lists, the 75 included
papers offer a diverse range of insights that meet the research
objectives while addressing a prominent gap in the literature.
It should be noted that the original scope of thisreview included
adatabase, reference list, and gray literature search to identify
available design frameworksthat could be used by design teams
to integrate BD and DT insights during mHealth development.
Presenting these results alongside the data extracted from 75
primary studies was beyond the scope of this paper. The results
of this scoping review are only inclusive of studies written in
English; therefore, findings may not be generaizable
internationally.

Implications

The Behavioral Design Thinking Approach offersaway forward
in the field of mHealth DBCI design. mHealth design teams
may consider using the insights presented in the Behavioral
Design Thinking Approach toinform their futurework. mHealth
design teams may also find it helpful to reflect on the different
types of theories, models, and frameworks they can use during
the design process, aswell asthe key challenges they may face
along the way. The findings presented in this review may also
berelevant to researchersin thefields of behavioral scienceand
design science who are interested in interdisciplinary
collaboration. It is reasonable to assume that breaking down
silos between these 2 fiel ds may improve the success of mHealth
DBCIs. Overall, the main benefits of this research include (1)
clarifying what approaches can be used to design mHealth
DBCIs, (2) promoting transparency in the choices that studies
must make during the mHealth DBCI design process, and (3)
enabling future researchers to test what design approaches are
the most effective to develop “effectively engaging” mHealth
DBCls.

Conclusion

The number of mHealth interventions designed to support
behavior change is increasing. Integrating best practices from
BD and DT may allow for the devel opment of mHealth DBCls
that more effectively engage patients and the public. This paper
has helped identify and conceptualize the methods that can be
used to integrate BD and DT throughout the mHealth DBCI
design process. Raising the standard of mHealth design methods
will be essential to ensure confidence in the impact mHealth
interventions can have on improving health outcomes. If more
mHealth DBCls are purposefully designed to address effective
engagement, itislikely that patients, the public, and health care
practitionerswill be more confident in adopting mHealth. Given
the predicted increase in the demand of mHealth interventions,
the time is now to ensure mHealth design methods are
appropriately suited to increase effective engagement.
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