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Abstract

Background: Physical inactivity isaglobal issue that affects people's health and productivity. With the advancement of mobile
technologies, many apps have been developed to facilitate health self-management. However, few studies have examined the
effectiveness of these mobile health (mHealth) apps in motivating exercise adherence.

Objective:  This study aims to demonstrate the enhanced action design research (ADR) process and improve the design of
mHealth apps for exercise self-management. Specifically, we investigate whether sending motivational messages improves
adherence to exercise plans, whether the motivational effect is affected by personality, theimpact of message type and repetition,
and the process of involving afield experiment in the design process and learning new design principles from the results.

Methods: Thisformative research was conducted by proposing an enhanced ADR process. We incorporated a field experiment
into the process to iteratively refine and evaluate the design until it converges into a final mHealth app. We used the Apple
ResearchKit to develop the mHealth app and promoted it via trainers at their gyms. We targeted users who used the app for at
least two months. Participants were randomly assigned to 1 of the 12 groups in a 2x3x2 factorial design and remained blinded
to the assigned intervention. The groups were defined based on personality type (thinking or feeling), message type (emational,
logical, or none), and repetition (none or once). Participants with different personality types received tailored and repeated
messages. Finally, we used the self-reported completion rate to measure participants' adherence level to exercise plans. By
analyzing users' usage patterns, we could verify, correct, and enhance the mHealth app design principles.

Results: In total, 160 users downloaded the app, and 89 active participants remained during the 2-month period. The results
suggest a significant main effect of personality type and repetition and a significant interaction effect between personality type
and repetition. The adherence rate of people with feeling personality types was 18.15% higher than that of people with thinking
types. Emotional messages were more effective than logical messagesin motivating exercise adherence. Although peoplereceived
repeated messages, they were more likely to adhere to exercise plans. With repeated reminders, the adherence rates of people
with thinking personality types were significantly improved by 27.34% (P<.001).

Conclusions: Thisstudy contributesto theliterature on mHealth apps. By incorporating afield experiment into the ADR process,
we demonstrate the benefit of combining design science and field experiments. This study also contributes to the research on
mHealth apps. The principleslearned from this study can be applied to improve the effectiveness of mHealth apps. The app design
can be considered a foundation for the development of more advanced apps for specific diseases, such as diabetes and asthma,
in future research.
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Introduction

Background

In modern society, many people live a fast-paced, high-stress
lifestyle and do not engagein regular physical activity. A study
showed that 80% of adults in America lack physical exercise
[1]. A lack of exerciseisthe main cause of most chronic diseases
[2] and the leading cause of death worldwide [3,4]. Research
also suggests that regular exercise improves the mood and
self-reported performance of white-collar workers[5]. With the
advancement of mobile and wearable technol ogies, many mobile
health (mHealth) apps have been devel oped to enhance exercise
adherence and facilitate a healthy lifestyle. mHealth apps are
defined as “mobile applications that assist consumers in
self-management of overall wellness, disease prevention, and
disease management” [6]. The mHealth app market has been
steadily growing over the past few years. According to an
industry report [7], more than 318,000 mHealth apps are
available in the top app stores worldwide, and more than 200
apps are added daily.

Despite the popularity of mHealth apps, questions remain
regarding their sustained effectiveness. According to a recent
survey [8], 87% of patients used mHealth apps, but more than
one-quarter of them stopped using these apps because of
ineffectivenessin helping achievetheir health goals or yielding
tangible results. Prior research hasal so noted that many mHealth
apps lack theory-based motivationa techniques, rendering it
difficult for these apps to sustain over the long term [9].
Moreover, mHealth apps are often designed and treated as black
boxes; the design is not evidence-based [10,11]. These findings
suggest that mHealth app developers must design tools to be
more engaging for users. However, few studies have examined
the quality of mHealth apps in terms of their effectiveness in
motivating health-related behaviors or the design principles of
these apps from the user perspective [12-14].

Prior Work

Overview

Previous research discussed the optimal means of designing
and evaluating persuasive systems and suggested a set of
persuasive principlesto design and eval uate these systems[15].
Persuasive principles are specific design techniques such as
providing reminders, tailored and personalized information,
social support, or suggestions. By including persuasive
principles, mHealth apps can more effectively motivate users
to adhere to their plans [16]. For example, a study conducted
by Middelweerd et al [17] reviewed 64 of 41,246 mHealth apps
available on Google Play and i Tunes stores and suggested that
techniques such as self-monitoring, receiving feedback on
performance, and setting goals were most frequently used for
persuasion. A review of mHealth apps that applied persuasive
technology to improve physical exercise indicated that users
were persuaded and became more involved in disease control
or health management when persuasive design principles were
applied [18]. Informed by the literature, in this study, we apply
3 persuasive design principles when designing an app and
examined their effectiveness in motivating exercise. These
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principlesincluded (1) tailored communication, (2) motivational
messages, and (3) repetition of messages.

Tailored Communication

Past literature has suggested that the impact of heath
communication is generally enhanced when it is tailored to a
specific individual [19]. However, the principles of audience
segmentation are far less discussed in health care than in
advertising, marketing, and social marketing [20,21]. In early
work inthisfield, ssgmentation was often based on demographic
differences. For example, different self-help guidesfor smoking
cessation have been designed for blue-collar and minority
smokers [22], African Americans [23], older smokers [24],
preghant women [25], and women with young children [26].
However, few studies have investigated the effectiveness of
health communication by using personality type as a central
tailoring variable. In this study, we followed the psychological
type theory [27] and the Myers-Briggs Type Indicator (MBTI)
test [28] to specifically consider 2 personality types, namely,
the thinking type and the feeling type. The psychological type
theory suggests that a person’s seemingly random behavior is
based on their inner preferences regarding perceiving and
organizing information to form conclusions. The MBTI is a
self-report questionnaire that can be used to assess people's
psychological preferencesin perceiving the world and making
decisions. The MBTI isawell-adopted method used to quantify
psychological types and iswidely used in empirical studiesto
measure people’s decision-making behavior [29-33]. The MBTI
assesses personality types by considering aperson’s preference
based on the following 4 pairs of psychological types:
extraversion and introversion assess how people direct their
energy either outwardly toward people and activities or inwardly
toward thoughts and ideas; sensing and intuition refers to two
ways of gathering information and understanding situations;
thinking and feeling are two waysin which people organizeand
structure information and draw conclusions; and finally, judging
and perceiving describes how people prefer to live their outer
life. By adapting the MBTI, wewereinterested in investigating
the impact of personality on the effectiveness of mHealth apps
in promoting adherence to exercise plans. Therefore, thinking
and feeling were selected as this pair represents the key
dimension measuring how people organize and structure
information and make decisions. People with a thinking
personality type prefer applying analytical and logical principles
to make objective decisions by following clear and consistent
principles, whereas people with afegling personality type may
opt to make decisions by referencing their own and others
values and place more weight on personal concerns.

Motivational Messages

Several studies have investigated the effectiveness of
motivational or persuasive messages in promoting targeted
behaviorsin thefields of psychology [34,35], marketing [36,37],
public health [38,39], and health management [40-43]. Research
has examined emotional versus rational messages [36,44,45],
type of elaboration [37], positive versus negative messages,
gain versus loss framing [39-41,46,47], and source credibility
and likability [34]. Theresults of these studies consistently show
that persuasive messages promote intended behaviors. In this
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research, we were specifically interested in the effect of
messages that generate positive emotions (emotional messages)
compared with that of messages based on facts (logical
messages). According to the Toulmin model of argumentation
[48] and research conducted by Kim and Benbasat [49], agood
argument with grounds (data), claims, and warrantsleadsto the
highest level of trusting belief. We define logical messages as
logical arguments consisting of a claim, data (ie, facts that
support the claim), and backing (ie, data credibility). For
example, “Don't forget to exercise today! Research shows that
even one session of exercise will enhance your positive mood.”
The claim “Don’t forget to exercise today,” “even one session
of exercise will enhance your positive mood” represents the
data, and “research shows’ provides the backing. In contrast,
research has aso shown that manipulating emotions
accompanying a persuasive message affects the effectiveness
of the message. People tend to adjust their beliefs to fit their
emotions as people treat feelings as evidence [50]. Emotional
stimuli can influence judgments without the judge’s awvareness
of such stimuli [51]. In contrast to logical messages, emotional
messages do not provide facts to support the claim but focus
on triggering positive emotions (ie, claims plus positive emotion
stimuli). For example, “It's time for your exercise! You are
doing afabulousjob!”

Repetition of Messages

In addition to the message content, previous research has
examined the impact of technical features of messages, such as
message length [36], position [40,52], and repetition [37,53].
Among all the features, the most relevant and customizable
feature in our context is repetition. The effect of repetition is
referred to as the mere repeated-exposure effect in sociology,
a psychological phenomenon involving peopl€e’s tendency to
develop apreference merely because they are repeatedly exposed
to something [54]. A vast body of literature has shown that the
repeated-exposure effect is arobust phenomenon demonstrated
across cultures and diverse stimulus domains [55-60]. There
are many applications of the mere repeated-exposure effect. In
marketing, for example, many studies have tested the effects of
advertisement repetition [61-63]. The repeated-exposure effect
has also been studied in many other socia and human
decision-making contexts [62,64-66]. For example, in a study
related to reminders using computer systems, Malone [67]
suggested that displaying high-priority tasks more frequently
isan effective reminder strategy. Therefore, we wereinterested
in investigating the impact of message repetition on exercise
adherence.

The Goal of This Study

This study’s purpose was to improve the design of mHealth
apps for exercise self-management by using an innovative
research approach that combines field experiments with action
design research (ADR). The literature examining adherence to
exercise plans has defined and measured adherence as the
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percentage of completion of an exercise plan—often pertaining
to plans agreed upon by patients and care providersin the case
of medical studies [68,69]. We adopted this definition and
measurement method by defining adherenceto an exercise plan
asthe percentage of the exercise plan completed, and adherence
was used as the dependent variable in this study. Notably, in
this study, participants established their own plans. Asthey had
very different health conditions and physical capabilities, it was
not realistic for the researcher to create auniversal plan. Asthe
study participantslikely had the desireto exercise, they set goals
that they deemed beneficia to their health.

Specifically, our research objectives included (1) investigating
whether sending motivational messages could improve
adherence to exercise plans, (2) considering whether the
motivational effect was impacted by personality, (3) testing
message type (logical vs emotional) and repetition impact, and
(4) exploring the possibility of involving afield experiment in
the design process, learning new design principles from the
results.

Methods

Overview

We followed an ADR approach to conduct this study. ADR,
proposed by Sein et al [ 70], conceptualizesthe research process
as comprising the inseparable and inherently interwoven
activities of building the information technology artifact,
intervening in the organi zation, and concurrently eval uating the
artifact. The process includes the following stages:

«  Stage 1: problem formulation. In thisstage, researchersand
stakeholders determine the initial scope, decide the roles
and scope of practitioner participation, and formulate the
initial research questions.

«  Stage2: building, intervention, and evaluation. In this stage,
based on the problem framing and theoretical premises
adapted in stage 1, the research team builds the initial
information technology artifact. The process should be
performed as an iterative processin atargeted environment.

«  Stage3: reflection and learning. Thereflection and learning
stage proceeds conceptually from building a solution for a
particular scenario to applying learning to a broader class
of problems.

- Stage 4: formalization of learning. This stage generalizes
the principles learned to a class of field problems.

To examine the effectiveness of an mHealth app in promoting
adherence to an exercise plan, we enhanced the ADR process
by adding afield experiment step. In this stage, we used artifacts
to examine the specific design principles. By understanding
how users interact with the artifact, we were able to link the
behavior study with design research and then verify and correct
the design principles. We demonstrate the research process in
Figure 1 and detail the processin the following section.

JMIR Mhealth Uhealth 2021 | vol. 9| iss. 6| €19941 | p. 3
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Sun et al

Figure 1. Research process—enhanced action design research process. ADR: action design research.
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Stage 1. Problem For mulation

On the basis of a literature review, review of web-based
comments for mHealth apps, and focus groups with users, we
identified mHealth apps as lacking theoretical guided design
and found that few mHealth apps are focused on motivation,
which is one of the main problems, aong with the lack of
evaluation of effectiveness, as detailed in the Introduction
section. We identified app developers, users, and health care
professionals (ie, gym trainers in our research settings) as
stakeholders. We recruited 3 gym trainers and their trainees
during the process of forming our initial research scope. While
working with the researchers (among them, a participant was
also the devel oper of the research app), all stakeholders provided
input during the process. The gym trainers contributed their
thoughts based on their prior experience with exercise
management, that is, persuasive principles, such as daily
progress reports of diet and exercise plans to supervise
performance of trainees. We also interviewed trainees to learn
about their prior experience using mHealth apps and summarized
several necessary functions, such as event schedulers, alarm
reminders, and progress reports. By understanding the
mechanisms motivating the trainees, we and the developer
discussed the executability of certain mHealth functionalities
and how to maximize the effectiveness of motivational
messages. The stakehol ders can benefit from using our designed
mHealth app as a tool to monitor and manage their exercise
plans and learn persuasive principles. We defined the scope of
the project as follows: develop an mHealth app to remind and
motivate users to adhere to their exercise plans and examine
the impact of personality and message characteristics on
adherence. Weintended to generate design principlesfor health
self-management and other motivational applications.

Stage 2: Building, I ntervention, and Evaluation

Message Selection

Onthebasis of the definition of logical and emotional messages
detailed in the Introduction section, we selected and edited
motivational messagesfrom web-based forums. Wefirst selected
severa popular sites where users post motivational messages
related to exercise and fitness; then, messages that were clearly
emotional or logical were manually selected. Next, we ensured
that the messages selected were shorter than 128 characters to
fit into a text message. We used lab testing to validate the
message type classification, as described in the following
sections.
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Message Type Cross-validation

To classify the messages into emotional and logical types, we
conducted 2 rounds of tests. Each round included 5 judges, who
were students and faculty membersin an information systems
department and were not involved in the project. In the first
round, the judges first read the definitions of logical and
emotional messages and then classified each message as either
an emotional or logical message. Any message that was not
correctly classified by all the judges was removed from the
message pool; weretained 30 logical and 30 emotional messages
after the first round of classification. In the second round, we
had another 5 judges to classify retained messages.

The interrater reliability measured by Cohen k statistics was
higher than 0.86 for any pair of judges (no more than 1
disagreement). After the 2 rounds of tests, we decided that the
reliability of the classification of the messages had met the
standards [71], so we used the messages in the following steps.

Pretest of the Message | mpact

To pretest the impact of motivational messages, we recruited
100 college studentsto participatein pretesting. The participants
took the MBTI test to determine whether they had a thinking
or feeling personaity type. Participants then read the
motivational messages selected in the previous step and rated
the perceived motivational level of each message on a 7-point
Likert scale (strongly disagreeto strongly agree with the effects
of the motivational messages).

Theaveragerating (mean 5.8, SD 1.6) of all messages suggested
that participants found the messages motivational. Participants
with afeeling personality type rated both emotional and logical
messages higher than participants with a thinking personality
type. The messages used in the final field experiment are
presented in Multimedia Appendix 1.

Building the App

Onthebasisof theliterature review and theoretical background
detailed in the previous section, we envisioned an effective
mHealth app that could set up alarm remindersfor exercise (ie,
message repetition) and send personalized motivational
messages (ie, emotional or logical messages) based on users
personality types (ie, thinking type or feeling type). We used
the Apple ResearchKit to develop an mHealth app named
ActiveTrack. The idea behind the Apple ResearchKit is for
scientists and drug devel opersto build mobile or wearable apps
that suit their particular needs, whether for the collection of
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research data, patient recruitment, or the collection of informed
consent. A prototype of the app was built with theinitial design
and released to the Apple app store, and user activity datawere
saved in aweb-based database. By observing app users’ usage
patterns, we identified points at which users were more likely
to stop using the app. We also recruited users who provided
feedback about the design and adjusted it based on theseinputs.
For example, in the initial design, users had to answer survey
questionsthat collected their information, such asdemographics,
medical histories, and the MBTI questions, before entering the
main page of the app. We observed that this caused most users
to stop using the app. In total, 35 of the 79 inactive users
dropped out at the beginning stage because of the overwhelming
guestions. Therefore, we reduced the number of questions and
made the process shorter. We also made setting up reminders
easier.

In the beta cycle, more users used ActiveTrack. Owing to the
adjustments made, these users remained activefor alonger time
than the initial users. We hosted focus groups with some users
and incorporated more suggestions into the design.

Design Artifact

The mHealth app (ActiveTrack) finalized for the field test
offered the following features and materials (screenshots are
provided in Multimedia Appendix 2):

«  Sudyinformation and participant consent pages. This page
provided the basic information of the study; the user could
indicate their consent for participation in the study at the
end of the page.

« Survey of participants demographic information, living
situation, initial motivation level, and exercise habits. This
section allowed usersto skip any question they did not want
to answer.

« MBTI survey. This page provided a questionnaire to
determine personality type.

« Exercise plans and alarms. Users could enter any number
of exercises they wanted to perform every day, such as
running for 10 minutesat 6 AM and running for 15 minutes
at 6 PM. They could aso decide the number of days they
wanted to exercise per week. We allowed usersto set their
goas to ensure that they were tailored to their health
conditions. We defined adherence to exercise plans as
adherence to users’ own plans instead of a universal plan,
as, in reality, users have very different health and living
conditions, and it is not realistic to establish a universal
plan.

« Display of motivational messages (settings vary based on
the experimental groups, as described in the Field
Experiment section). An alarm would ring at the time the
user set for exercise; a message would be pushed to the
main screen (unless the user was in a group that did not
receive messages). The alarm could be snoozed 3 timesfor
5 minutes each. For the groups with repetition, the first
notification (with or without a message) appeared 30
minutes in advance to remind users of their plans; then, the
reminder appeared again at scheduled times.

« Record of the exercise plan was achieved. The app asked
whether the exercise plans were followed afew hours after
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the scheduled time, and users could click yes or no for each
exerciseitem.

Stage 3: Field Experiment

In this research, we designed a field experiment and received
approval from the institutional review board of the University
of lllinois. We conducted afield experiment using the mHealth
app ActiveTrack. ActiveTrack is an exercise planning mobile
app designed based on our theory-based message tailoring
method that aims to examine the effects of (1) tailored
communication, (2) motivational messages, and (3) repetition
of messages on users adherence to their goal settings.
ActiveTrack was available to anyone for download from the
Apple store. We also promoted our app through gyms, where
many members participated in weight loss programs. Our
partnered trainers introduced ActiveTrack to their trainees but
were not authorized to monitor their trainees behavior on the
app. Wetargeted userswho used the app for at |east two months.
The experiment included the following steps:

«  Participants downloaded the research app (the user needed
to have an iPhone).

« Participants were randomly assigned following simple
randomi zation procedures (computerized random numbers)
to 1 of 12 groups when they downloaded the app
(randomization was achieved by embedding the random
assignment process in the app development). The groups
were defined as follows:

«  personality type: thinking type or fedling type

+ message type: no message, emotional message, or
logical message

»  repetition: not repeated or repeated once (ie, 1 reminder
30 minutes before the scheduled alarm)

Therefore, we had a2x3x2 design with 12 groups. Participants
remained blinded to the assigned intervention to prevent them
from being influenced by such knowledge;

«  Participants were presented with the study’s information
(ie, purpose, procedures, voluntary nature, confidentiality,
risks and benefits, and contact information) and signed a
consent form (the declaration can be found in Multimedia
Appendix 3).

«  Participants provided background information such as age,
sex, race, weight, and exercise times per week through the
app (the information page is available in Multimedia
Appendices 2 and 4).

«  Participantscompleted the MBTI questionsthrough the app
to allow us to determine their personality types. As we
focused on only one dimension of the MBTI test, as
described in the Tailored Communication section, we
selected only the questions that could determine aperson’s
thinking or feeling personalities (MBTI assessment in
Multimedia Appendices 2 and 5).

« Participants entered their exercise plans (open-ended text
entry) and alarms (specific time). Exercise could be
performed any number of times per week and per day based
on individual health conditions. Example screenshots can
be found in Multimedia Appendix 2.
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«  Participants received tail ored messages. On the basis of our
2x3x2 research design, there were 12 scenarios. Participants
with thinking or feeling personality types may receive
emotional, logical, or no messageswith or without message
repetition. Examples of the message display can be found
in Multimedia Appendix 2.

«  Participants used the app and self-reported whether each
exercise item was completed (completion rate). Example
screenshots are shown in Multimedia Appendix 2.

« All user inputs, alarms, and reminders were recorded in a
web-based database. For privacy protection, we did not
collect information that could be used to identify users.

Results

Participants

In total, 160 users downloaded the app during the 2-month
period; after excluding users who stopped using the app in the
middle of the process, 89 participants remained. The attrition
rate was 44.4% (71/160). We compared the characteristics of
those who dropped out (inactive users) and those who remained
(active users) and did not find any significant differences. Of
these active participants, 55 were female and 31 were male (3
did not indicate their sex). Participants’ agesranged from 19to
56 years, with a mean age of 28.8 (SD 8.3) years. Among all
active users, results showed no significant difference in
adherence level across sexes and ages. In addition, we found
that white-collar workers had 17% higher adherence level to
exercise plansthan blue-collar workers (tgz=—2.045, two-tailed;
P=.04). Moreover, higher exercise frequencies per week were
associated with ahigher adherencelevel (t55=2.341, two-tailed;

P=.02). We further tested the difference in adherence between
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those who downloaded the app following their trainers
recommendations and those who downloaded the app
voluntarily, and the results showed no significant differences
between the 2 groups (tg;=—0.254, two-tailed; P=.80).

We also compared the characteristics of those who dropped out
(inactive users) and those who remained (active users). We
found no significant difference in age and exercise frequency
between the active and inactive groups. We used a chi-square
test to examine any differences between active and inactive
users in sex, job type, and working hours. There were no
significant differencesin sex and working hours between the 2
groups. However, in the active group, we found that white-collar
workers had a higher adherence rate than blue-collar workers.
In the inactive group, white-collar workers were more likely to
quit. The job type was a critical factor that affected users
retaining behavior.

The sample size was relatively small because of the difficulty
of recruiting active users; however, the sample size was similar
tothat in research in the health care domain, which investigated
the effectiveness of using mobile phonesfor health management.
In a review of the effectiveness of mHeath and
technology-based health behavior management interventions,
all 7 studies related to physical activity behaviors included
17-150 participants [72]. Payne et a [13] systematically
searched and described the literature on mobile apps used in
health behavior interventions; 17 of the 24 studies reviewed
had a sample of fewer than 100 participants. In addition, there
was a limited impact of the low power caused by the small
sample size in this study, as detailed in the following sections.
The number of active participants in each group and the mean
and SD of plan achievement are presented in Table 1.
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Table 1. Descriptive statistics of the active participants in each group.

Sun et al

Personality and message type Message repetition Adherence rate, mean (SD) Active participants, n (%)
Thinking
None
None 41.67 (45.78) 12 (13)
Once 77.31(29.72) 14 (16)
L ogical
None 57.51 (46.10) 7(8)
Once 92.99 (14.54) 9(10)
Emotional
None 73.80 (17.18) 11 (12)
Once 86.58 (16.40) 11 (12)
Feeling
None
None 83.33 (28.87) 3(3)
Once 91.67 (16.67) 4 (4)
L ogical
None 95.24 (8.25) 3(3)
Once 83.73 (21.10) 6(7)
Emotional
None 91.75 (10.45) 3(3)
Once 94.21 (9.48) 6 (7)

Mode Testing Results

Overview

To examine the effects of personality type, message type, and
repetition of remindersaswell asthe two-way interaction effects
between the variables on adherence to exercise plans, we used
a three-way analysis of variance. To meet the assumption of
homogeneity of variance of error, we used a square operation
to transform the dependent variable. The F test for

Table 2. Model testing results.?

heteroskedasticity suggests that the equal variance of the error
assumption is met (Fjg5=1.26; P=.26). The results of the
analysis of variance model are presented in Table 2. Theresults
suggested a good overall fit of the main effects of personality
type and repetition and a significant interaction between
personality type and repetition. To understand the main effects,
we conducted a Tukey honest significant difference posthoc
analysis to compare the mean difference across the different
groups, the results are presented in Table 2 and Figures 2-4.

Source Type Il sum of squares Mean sgquare F test (df) P value
Persondlity type 73,471,244 73,471,244 6.537 (1) 01
Message type 32,216,925 16,108,463 1.433(2) 24
Repetition 93,902,535 93,902,535 8.355(1) .005
Personality typexmessage type 13,568,399 6,784,200 0.604 (2) .55
Personality typexrepetition 38,011,469 38,011,469 3.382(1) .07
Message typexrepetition 3,427,468 1,713,734 0.152 (2) .86
Personality typexmessage typexrepetition 12,183,242 6,091,621 0.542 (2) .85
Residuals 865,416,174 11,239,171 N/AP N/A

3R?=0.28; adjusted R?=0.20.
BN/A: not applicable.
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Figure 2. Personality type main effect.
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From Figure 2, we can see that independent of other variables,
people with afeeling personality type were significantly more
likely to adhere to exercise plans. Thisis an interesting finding
that suggeststhat the effectiveness of mobile apps oninfluencing
behavior might be different for people with different personality

https://mhealth.jmir.org/2021/6/€19941
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types. Two-sample t test of mean difference of the dependent
variable by personality types shows that the mean of the group
with thinking type personality (mean 71.65%, SD 34.24%) is
significantly lower (95% Cl —31.28 to —5.03; P=.007) than that
of the feeling type personality group (mean 89.79%, SD
16.39%).
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Repetition Main Effect

Figure 3 showsthat participantswho received repeated messages
had significantly increased adherence to exercise plans.
Two-Samplet test of mean difference of the dependent variable
by repetition shows that the mean of the group with one more
notification (mean 86.12%, SD 20.92%) is significantly higher
(95% CI 7.78-31.56; P=.001) than that of the group without
repetition (mean 63.38%, SD 38.33%).

I nteraction Between Personality Type and Repetition

We then investigated the significant interaction between
personality type and repetition, asreported in Table 3 and Figure
4. The results suggested that (1) when there is no repetition,
peoplewith afeeling personality type have asignificantly higher

Sun et al

completion rate than people with a thinking personality type
and, (2) when there is repetition, the completion rate of people
with a thinking personality type significantly improves, there
is no significant change in the completion rate of people with
afeeling personality type, and the 2 groups have no significant
difference in terms of completion rate. This is an interesting
finding; combined with a previous finding, it suggests that
although people with a thinking personality type might have
less commitment to the plans they set for themselves, with
repeated reminders and messages, these people can achieve a
similar completion rate asthose with afeeling personality type.
Thismight be because the mere exposure effect impacts aperson
with a thinking personality type more than a person with a
feeling personality type.

Table 3. Comparison of personality type and repetition groups based on estimated marginal means.

Group compared Mean difference (%) P value 95% CI
Thinking, repetition-thinking, no repetition 27.34 .001 8.951t045.73
Feeling, repetition-feeling, no repetition -0.83 .99 -31.411t029.75
Feeling, no repetition-thinking, no repetition 33.21 .01 5.31to61.1
Feeling, repetition-thinking, repetition 5.03 .93 -17.21t0 27.28
Feeling, repetition-thinking, no repetition 32.38 <.001 9.651t055.10
Thinking, repetition-feeling, no repetition -5.86 .94 -33.381t0 21.64
Robustness Check

Summary of Results

Our results suggest that mHealth apps can be effective in
promoting adherence. People with a fegling personality type
were more likely to adhere to exercise plans than those with a
thinking personality type. When receiving repeated reminders
and messages, the adherence rates of people with a thinking
personality type significantly improved and showed no
significant difference from those of people with a feeling
personality type. These results are consistent with prior studies
that suggest that different personality traitsare linked to certain
behavioral tendencies, such as proneness to addiction [73] and
excessive use of the internet [74]. Our study suggests that
personality can contribute to the persistence of adherence to
exercise plans.

Additional Findings

Although the purpose of this research wasto examinethe effects
of tailored messages based on personality and repetition, other
tailoring criteria might be selected to motivate exercise
behaviors. For example, demographic tailoring has been found
to have effects that are independent of theory-based tailoring
[75,76]. To further enhance our understanding of the effects of
message tailoring and justify the applicability of our model, we
conducted an additional analysisto investigate the interactions
between sex and message type. We found that emotional
messages to women and logical messagesto men had a 35.56%
higher adherence level (t,5=3.278; P=.002) than the other way
around (emotional messages to men and logical messages to
women). These findings warrant further analysis.

https://mhealth.jmir.org/2021/6/€19941

In the behavior research field, the issue of violation of
parametric tests' statistical assumptionsisrather common, such
as skewed distribution, heteroskedasticity, and violation of the
independence of errors. Consequently, nonparametric tests have
been proposed and widely used to address these i ssues because
of their advantage of not being limited to the assumptions of
distribution or homogeneity and because they can be applied
to asmall sample size [77]. Resampling methods, permutation
(randomization test), and bootstrapping are common
nonparametric methods.

Permutation tests use all possible permutations of a treatment
variable or dependent variable, whereas all other independent
variables are fixed to construct the exact null distribution using
the available data to determine how extreme the observed test
statistic of research interest is against the null distribution. The
randomization test [ 78] relies on the same idea as permutation
tests; however, these tests compare the observed statistic against
the approximate null distribution generated by repeating alarge
number of permutations (eg, 10,000-time default in the R
package) rather than all possible permutations. As the null
distribution is generated empirically from the observed samples
and makes no assumptions regarding the popul ation, permutation
(randomization test) is beneficial for evaluating the statistical
significance or treatment effect of any variable of interest.
Another resampling method, which is bootstrap, repeats the
available sample and draws from the same sample with
replacement to calculate the test statistics and construct an
empirical distribution. In experiments, the bootstrap method is
a useful way to examine the treatment effects of a designed
experiment [79,80].
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We used arandomization test and bootstrap resampling method
to assessthe main effects of the 3 factors and their interactions.
By permuting 10,000 times in the randomization test and
resampling with replacement 10,000 times for the bootstrap

Table 4. Comparison of resampling methods.

Sun et al

test, our robustness check of the treatment effects shows that
the 2 main effects of personality and repetition and the
interaction effect between personality and repetition were
significant. The results are summarized in Table 4.

Type of treatment Base model® P value Randomization test, P value 95% bootstrap Cl
Emotiona message .24 A4 -17.63t055.49
No message 24 .16 -56.63 to 30.22
Personality .06 .03 0.07 to 77.89
Repetition .02 .01 0.85t0 74.48
Emotional messagexpersonality .65 .30 -83.03t0 17.73
No messagexpersonality .88 45 -61.64 to 46.59
Emotional messagexrepetition .23 A3 -65.14t0 13.05
No messagexrepetition .99 51 -49.51 to 45.07
Personalityxrepetition .06 .06 -91.90to -6.79
Emotiona messagexpersonalityxrepetition 42 N/AP -9.81t081.93
No messagexpersonalityxrepetition .57 N/A -36.88 t0 85.84

3Base message type in the regression model is alogical message.
BNI/A: not applicable.

We aso used a randomization test and bootstrap resampling
method to examine the effect of sex-message tailoring. The
effect was significant, with a 95% CI between 17.07% and
55.74% and P=.004 in the randomization test. Both resampling
methods show consistent resultsin terms of the treatment effect.

Discussion

Learning With ADR

According to our research process indicated in Figure 1, the
evidence collected from the field experiment allowed us to

https://mhealth.jmir.org/2021/6/€19941

RenderX

summarize the insights presented in Figure 5. The design
principleswere revised based on the knowledge from the design
and experimental effort and are described in Figure 5. These
design principles were used to generate a series of app
development problems, such as motivation for other behavioral
changes and apps adapted to individual differences. These
generalized principles are also presented in Figure 5.
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Figure5. Revised design principles and generalizations.

Revised design principles
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Generalized design principles

Research Implications

In this research, we enhanced the ADR framework by
developing the ActiveTrack iOS app and incorporating a
behavior experiment into the process. When participants
downloaded the app, they were randomly assigned to one of
the groups for the behavioral experiment. On the basis of the
users' real-time responses, werevised the functionsand designs
of the app. As aresult of the field experiment, we updated the
design principlesthrough the ADR process. Our field experiment
results suggested that (1) the mobile app was effective in
motivating adherence to exercise plans among users with both
thinking and feeling personality types, (2) personality type was
associated with the likelihood of adherence to exercise plans,
and (3) repetition improved the exercise plan adherence rate of
people with a thinking-type personality, and with repeated
reminders, the adherence rate of people with a thinking
personality type becomessimilar to that of peoplewith afeeling
persondlity type. Our additiona findings further imply that
users’ behavior may depend on their (1) job types, (2) exercise
habits, and (3) gender. By adding the behavior experiment as a
component of ADR, we were able to learn design principles
from the behavior experiment results and generalize these
principles to a class of design problems. how to effectively
motivate users through the personalized design of apps.

This study makes several contributions to the field. First, this
research contributesto the literature on mHealth by investigating
the effectiveness of mobile appsin motivating health behaviors.
Second, thisresearch improves our understanding of theimpact
of individual personality, message type, and repetition on the
effectiveness of moativation. Specifically, through the field
experiment, we were ableto follow the participants and capture
actual behavior change over time, which has been a challenge
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in behavior-related studies [81]. Third, field surveys, behavior
intervention experiments, and the design science approach were
normally used separately in the research. In this study, we used
all of the above approaches to address the research questions.
Combining these methods enabled usto actively design the app
by observing usage data and using the design artifact to carry
out theresearch. Thus, by incorporating afield experiment into
the research process, we propose an enhanced ADR process.
Thisresearch process enables usto better connect research with
practical and relevant problems. Finally, the study provides
several design principles that can be applied to the design of
other mHealth and motivationa apps, such as appsfor lifestyle
management, energy-saving behaviors, and
adherence-to-treatment plans.

Lessons Learned From the Apple ResearchKit

In this research, we used the Apple ResearchKit to build
artifacts. Apple released ResearchKit, an open-source software
framework for medica research, in March 2015. The
ResearchKit framework comes with some predefined modules
commonly used in research procedures, such as informed
consent, surveys, and active tasks, to make the devel opment of
mobile apps feasible and more convenient for research. This
framework has gained much attention from research institutions
and companies owing to its global release [82-84]. However,
using ResearchKit and similar development frameworksis still
a novel method for scientific research projects, and there are
many challenges in conducting research using this method.
Through this project, we learned that some of those challenges
include difficulty promoting the app because of the number of
apps availablein the same category in the Apple store, verifying
the validity of inputs, and ensuring data security and privacy.
In future research, some of these challenges can be overcome
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during the study design phase. For example, using the heart rate
module, the app could more accurately estimate exercise
completion. If astudy targets a specific group of users, such as
peoplewith certain types of disease, it would beagood practice
to promote the use of the app among targeted audiences, such
as online patient support groups. It is convenient to download
the app from the app store, so the barrier for a targeted
population to use the app is low regardless of their physical
locations.

Limitations and Future Research

This study has severa limitations that can be addressed and
improved in future studies. First, the sample size of thisresearch
wasrelatively small because of the difficulty in recruiting active
users over the 2 months. However, the sample size wasin line
with that of asimilar study. To address thisissue, we used both
arandomization test and bootstrap resampling methods to test
our treatment effects. The consistent results showed that the
main effects of personality and repetition and the two-way
interaction between personality and repetition were statistically
significant. Future researchers can collaborate with devel opers,
health care providers, and health social networks to increase
the potentia of participant recruitment. Second, self-reported
adherence might be biased. Although weimplemented strategies
such asreminding participantsthat the datawould not be shared
with anyone and honest responses would improve the design
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of the messages, the validity of self-reported exercise levels
could not be verified. Some smartphone features, such as the
tracking of heartbeats, can be used for more accurate estimates
of exercise in future studies. Third, we attempted to limit the
impacts of other confounding factors that may influence the
behavior of the users through random assignment to groups,
however, there might still have been influences from
confounding factors. This is a difficulty that similar research
has always faced, as it is difficult to make behavior change in
such experiments totally independent of external factors[81].

Potential topics for future research include other strategies for
personalized app design and motivation, such asusing different
theory-based tail oring methods, testing strategiesto retain users
by analyzing their churn behavior, and identifying waysto use
the data collected from these apps to promote health and
well-being (ie, different metrics to measure users' lifestyle
change). For example, we found that 14% (12/84) of the users
achieved higher average exercise frequenciesthan their original
exercise habits after 2 months. This finding implies that users
may change their lifestyles using our mHealth app. Future
research can also focus on the clinical validation of the
experimental results, ways of using economic incentives to
promote healthy lifestyles, new business modelsfor health care
providers and insurance companies to motivate adherence, and
the use of other wearable devices, such as smartwatches, to
motivate health behaviors.
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