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Abstract: Research studies suggest that health behavior theory-informed approaches in behavior change
interventions are needed to evoke improved health outcomes. This is specifically noted in mobile fitness
applications (“apps”), for which the literature indicates a gap between theory use and app development. The
purpose of this study was to develop and test a theory-based app to determine if various constructs, in the
form of app features, could be manipulated to elicit behavior change. The hypothesis was that the version
of the app that included all constructs of TPB would be most impactful at increasing behavioral intention
and the actual behavior of engaging in more physical activity. A fitness app was developed with Theory of
Planned Behavior (TPB) constructs used to inform app features. The app basic features included behavior
tracking, pre-programmed workouts, and a user-friendly interface. The app had seven variations with certain
app features, designed to address TPB constructs, available or not available, to the user. After completing
the pre-test, 53 participants received a version of the app at random and were not aware of other possible
app version features. After eight weeks of using the app, participants completed a post-test (N=44). Pre-
and post-test surveys measured TPB constructs. The participants were primarily white women ages 18-24.
Due low enrollment and attrition, control participants were removed from the analysis and all versions of
the app were collapsed into one group for pre- post-test comparison. Between pre- and post-test, across all
app versions with features addressing TPB constructs, “intention to exercise using a fitness app” increased
significantly [t(40) =3.88, P<0.001]. However, overall “exercise intention” and actual reported exercise
frequency did not change. Although the theory-based app did evoke change in behavioral intention with
regard to using a fitness app, this did not translate to reported increases in exercise frequency. Though the
app incorporated a health behavior change theory, the app did not elicit behavior change, which may be
due to sample size or other factors that have yet to be elucidated. There is much room for improvement in
fitness app development, such as translating intention to behavior, testing other health behavior theories, and

determining the best ways to develop app features to represent theoretical constructs.
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Introduction the relationship between use of apps and subsequent fitness

behaviors with mixed results. One benefit is that fitness

Fitness applications (apps) have become increasingly tracking over time allows users to see trends in their own

popular over the last decade as a way to set fitness goals, behavior, which can have a positive impact on health (3).
track activity and share progress toward fitness goals (1,2). However, in examining adherence and effectiveness of
As use of apps continues to increase, studies have examined fitness apps over five months, one study found that personal
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fitness perceptions and exercise behavior did not change
from pre- to post-test (4). The only significant change was a
decrease in perceived usefulness of using apps for exercising
from baseline to posttest.

One issue that has been identified with fitness apps, and
may contribute to their limited effectiveness overtime, is the
lack of theory-based apps (5). Many apps do not use health
behaviors theories to guide their initial development; if
theories are used, not all the constructs are applied, making
it challenging to determine efficacy of theory application
(6,7). An examination of 23 health apps with high consumer
reviews in online app stores determined that all the apps
lacked theory-based behavior change strategies (8). Another
study reviewing 127 apps from an app store’s Health and
Fitness category also indicated a general lack of application
of theory-based behavior change strategies (5). Even the
presence of behavior change techniques is quite low among
popular apps. One study found that most of the top ranked
health and fitness apps used fewer than four behavior
change techniques, the most common being instruction
on exercise execution, modeling of exercises, feedback on
performance, activity goal setting, and planning for social
support and behavior change (9). Another study found that
the presence of behavior change strategies were included in
the paid apps and not in the free apps, which brings about
concerns for accessibility and affordability (10). The use of
behavior change techniques may be a moot point as there is
lack of consensus if behavior change techniques alone can
change behavior (11,12); instead, the use of full behavior
change theories with all the theory constructs may be a
better avenue to behavior change.

Theory based interventions are known to be effective in
initiating and sustaining health behavior change (13), yet
the majority of available apps for fitness and health do not
have theoretical foundations in behavior change. While this
is not unexpected, as app developers’ expertise is in software
development and may not include health behavior theory,
utilizing health behavior theory in app development can
provide more compelling evidence of apps’ effectiveness
(or lack of) in sustaining behavior change (14). It has been
suggested that input from health behavior change specialists
could mitigate some of these noted limitations (14). In the
meantime, assessment tools for apps have been developed
to help professionals determine appropriateness of apps for
clients, such as the Mobile App Rating Scale (15).

It can be posited that app effectiveness could be driven
not only by user interface and usability, but also the
inclusion of health behavior change theory. That said, the
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purpose of this pilot study was to investigate the use of a
health behavior theory in development and evaluation a
fitness app. The original hypothesis was that the version
of the app that included all constructs of TPB would be
most impactful at increasing behavioral intention and the
behavior of engaging in more physical activity. Examining
the use of theory in development of a fitness app could
provide insight into the feasibility of incorporating theory
constructs into the app and understanding related outcomes.

Methods
Theory selection

In order to begin the process of understanding how health
behavior theory could be used to inform development of a
fitness app, an appropriate theory was selected. There are
several health behavior theories that have been examined
for exercise behavior change, including the Transtheoretical
Model, the Health Belief Model, and the Theory of
Planned Behavior (TPB). The Transtheoretical Model
was rejected due to the focus on readiness for change and
weighing pros and cons. These areas might help determine
if the user would be ready to use the app, but not actively
help understand the use of the app. The Health Belief
Model was rejected due to the focus on perceptions of
engaging or not engaging in a behavior, which would not
help the understanding of actual behavioral engagement
of the app. Instead, TPB was selected for the development
of this app because the constructs of attitude, subjective
norms, and perceived behavior control, can be manipulated
to influence behavior and been well studied in relation to
exercise behavior in both apparently healthy populations
and populations with disease (16). Additionally, there is an
already existing validated TPB survey related to exercise
behavior (17), which was adapted to include exercise using
a fitness app. The following TPB constructs were measured
in the survey. Attitude is one’s beliefs about a behavior and
the expected outcomes from engaging in the behavior.
Subjective norms relate to behaviors one considers to be
“normal” or typical and the extent to which one is willing
to comply to the norm. Perceived behavior control regards
the extent to which one thinks they have control over the
behavior and how much these beliefs can be influenced.
Lastly, behavior intention is one’s likelihood of engaging in
the behavior. As noted in TPB, behavioral intention does
not necessarily lead to the actual behavior.

Perhaps most importantly when selecting an appropriate
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Table 1 Theory constructs mapped to app features
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Theory construct

Area of potential change

App feature

Attitude

Subjective norms

Knowledge, expectation of
outcomes

Motivation to behave a certain
way

Modeling of exercise to influence attitude, knowledge, and outcome
expectations

Cues to action to influence beliefs on what is significant, motivate to comply

with the norm

Perceived behavioral
control

Self-efficacy

Goal setting to influence beliefs in controlling outcomes

theory from an app development perspective, TPB
constructs could be translated into app features. The process
of mapping the theory constructs to app features involved
examining what could be measured within the construct
and how that measure could be translated into an app
feature. For the construct of attitude, modeling of exercises
through photos, not just text descriptions of exercise, has
been linked to increased exercise behaviors (18). For the
construct of subjective norms, the motivation to comply
with the notification was mapped to how the notification
(or cue to action) influenced the user’s beliefs on what was
important and the extent to which the user was motivated to
comply with the notification. Previous research shows that
app notifications can motivate behavior change (19). For the
construct of perceived behavioral control, a person’s ability
to believe they can accomplish a behavior and overcome
potential barriers is related to self-efficacy. Self-efficacy
has been linked to goal setting and goal achievement (20).
App features and design are discussed further in the next
section, including 7able 1, which summarizes the mapping
of constructs to app features.

App feature development in relation to TPB

Initially, the research team compiled a list of potential app
features that relate to TPB constructs. This list was brought
to the app development team at one researcher’s university
to determine the feasibility of building the app features
for an app on Android devices. Only Android devices were
included in this study due to the more open standards for
app development (no required specifications by the app
store) and no cost to publish the app in the app store. The
app development team then developed the app, which was
tested by the research team to check for and correct errors
before the app was released to study participants.

The most basic version of the fitness app features
included behavior tracking, pre-programmed workouts, and
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a user-friendly interface. None of these basic app features
related to TPB constructs. For behavior tracking, users
logged activity by selecting from a list of exercise and sport
types. For pre-programmed workouts, the user received
text (typed) instructions to follow along with a workout
designed by a certified fitness professional. The seven pre-
programmed workouts included: Sunrise Stretch (yoga for
the morning), Deskercise (exercise that could be performed
while seated or at a desk), High Intensity Interval Training,
Lower Body Strength, Upper Body Strength, Core Stability
and Strength, and Evening Stretch (yoga for before
bedtime). Lastly, the interface was based on best practices
for app development, such as data privacy and minimal
menus (1,21).

Features of app variation included cues to action, goal-
setting function, and modeling (photos) of exercises in
pre-programmed workouts. Cues to actions included text
reminders to move and follow goals. The goal-setting
function allowed users to select type of activity, minutes
of the activity, and date to complete the goal. Modeling
(photos) of exercise in pre-programmed workouts provided
a visual to match the text (typed) instructions for each
workout. All app features needed to be manually accessed
by the user aside for the cues to action, which was sent
as a notification to the user’s device. In TPB, these three
constructs lead to behavioral intention, which then, in
theory, leads to behavior change. Figure 1 shows several of
the screens within the app.

The following table shows the theory construct, the area
of potential change, and the associated app features.

Recruitment

After obtaining IRB approval, study participants were
recruited through one of the researcher’s university email
newsletter, which came out twice weekly over a one-
month timeframe. The advertisement only said the study
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Figure 1 Examples of app features.

was recruiting individuals over the age of 18, who own an
Android device, and are interested in testing out a fitness app.
Per the study advertisement, interested individuals emailed
the researcher to get directions on how to take the online
pre-test via Qualtrics using their participant identification
number, fill out the online consent form, and download a
randomized version of the app. The research team was aware
of the app version the participant received. Participants
were told to use the app over an eight-week timeframe
however they would like; they were not given any app usage
requirements. At the end of the timeframe, they would
receive an email with the post-test via Qualtrics using the
participant identification number. All prospective participants
who emailed the researcher with interest in participating in
the study went on to take the pretest and download the app.

App variations

The app had seven variations with certain app features
related to TPB available or not available to the user. All
apps included the basic features (described above in “App
feature development in relation to TPB”). Participants were
not aware of the version of their app or the features they did
or did not have. They were also not made aware that certain
app features related to constructs of TPB.

Assessment

Pre- and post-test surveys measured different constructs
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related to TPB. The validated survey (17) was used to assess
attitudes, perceived behavioral control, subjective norms
and exercise intention to exercise general and exercise
specifically using a fitness mobile application. Attitudes were
assessed using seven questions regarding attitudes toward
exercise (range, 7-49; a=0.94). Subjective norms were
measured using two questions ascertaining behaviors of
those close to the individual (range, 7-14; 0=0.87). Perceived
behavioral control was assessed using three questions
measuring an individual’s perception of their ability to
engage in exercise (range, 7-21; a=0.88). Finally, behavioral
intention was measured with a single item question asking
how frequently the participant planned on exercising in
the next week (range, 1-9). Additional questions included
perception of personal fitness and comfort level of using
and learning new technology. Demographic information
including age, gender, education, and employment was
obtained at pre-test. Paired #-tests were used to examine if
significant changes in attitudes, subjective norms, perceived
behavioral control, and behavioral intentions occurred
between pre- and post-test.

Results

Initially, 53 participants completed the pre-test and were
assigned to one of the seven app versions or the control
group. Eleven participants did not complete the study. At
the end of the study, four participants assigned the control
version of the app completed both pre- and post-test. The
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Table 2 Summary of app features
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App # Modeling of exercise Cues to action Goal setting Pre-test (n) Post-test (n)
App 1 On On On 5 3
App 2 On On Off 6 5
App 3 On Off On 7 6
App 4 On Off Off 7 6
App 5 Off On On 6 5
App 6 Off On Off 8 6
App 7 Off Off On 7 6
App 8 Off Off Off 7 4

Table 3 Pre-post-test for all participants who received the app versions with TPB constructs

Variable Mean difference t statistic P value
Exercise frequency 0.561 1.795 0.080
Exercise intention 0.098 0.474 0.638
Exercise intention using a fitness app 0.732 3.889 0.000*
Technology —use 0.108 0.344 0.733
Technology —learning new 0.081 0.261 0.796
Exercise attitude 0.231 0.144 0.887
Exercise attitude regarding using fitness app -2.395 -1.314 0.197
Subjective norms regarding exercise -0.250 -0.383 0.704
Subjective norms regarding exercise using fitness app 0.250 0.432 0.668
Perceived control over exercise 0.415 0.502 0.618
Perceived control over exercise using fitness app 1.725 1.834 0.074
Perception of fitness -0.735 -0.352 0.727

*, significant at P<0.001.

other participants were assigned a version of the app with at
least one TPB construct, but potentially all TPB constructs
(see Tuble 2).

Of the 44 participants who completed the post-test, the
majority (n=32, 78%) of participants were white women.
About half (53%) of the sample indicated their age was
within the 18-24 range. Due to small sample size and
limited participants receiving each version of the app,
meaningful group comparison between control group and
app versions was not possible. Therefore, all participants
who received any app variation were combined into one
group, and four participants who received the control
condition were removed from the analysis, bringing the
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total sample used in the final analysis to 41. Between pre-
and post-test, across all app versions with TPB constructs,
intention to exercise using a fitness app increased
significantly t(40) =3.88, P<0.001. However, overall exercise
intention and actual exercise frequency did not change.
Attitude, subjective norms, and perceived behavior control
had no significant difference pre to post-test. Results are
shown in Tuble 3.

Cross-tabulations and #-tests were run to examine any
differences at pre-test between those who completed the
study versus those who did not. There were no differences
in demographic characteristics, attitudes toward exercise
and app use, social support for exercise and app use,
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perceived behavioral control and app use or intention to
exercise with fitness apps. People who dropped out of the
study had more positive perceptions of exercise, higher
frequency of exercise and greater intention to exercise at
baseline compared to those who completed the study.

Discussion

The purpose of this pilot study was to develop and evaluate
a fitness app using TPB in order to determine feasibility of
incorporating theory constructs into a fitness app. Theory
constructs were measured to determine any changes over
the eight-week study. To our knowledge, the app developed
for this study is the first theory-based app developed to
assess exercise behavior change. This is also the first study
to test the efficacy of an exercise behavior change app
developed using TPB by mapping each theory construct
to app features. While it was originally hypothesized that
the version of the app with all constructs available to the
user (in the form of app features) would be most likely to
impact behavior change, the small sample size after attrition
and the analysis related to user exercise behaviors before
participating in study, led our conclusions to not directly
link to the original hypothesis. That said, the theory-based
app developed for this study did evoke change in behavioral
intention regarding using a fitness app, even though this did
not translate to reported increases in exercise frequency. It
is interesting to note that the participants who did not
complete the study demonstrated greater frequency of
exercise prior to the study as well as intentions to exercise.
While the researchers cannot say why participants dropped
out of the study, it is possible the reason may be related to
this, such as participants already had exercise habits and
were motivated to carry them out regardless of the study
app or perhaps were not further benefiting from the app.
While there are studies on how fitness apps influence
exercise behavior change, less is known about sustained use
of apps after a behavior has become normalized in a person’s
routine, or whether apps are needed at that point. This is an
area worthy of future exploration.

There is much room for improvement in fitness
app development, such as translating intention to
behavior, testing other health behavior theories, and
determining the best ways to develop app features to
represent theoretical constructs. One major issue in app
development is using behavior change techniques instead
of full behavior change theories. Theories are designed
to be used with constructs working together to create
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behavior change. Given the mixed results of studies
looking at behavior change techniques instead of full
theories (11,12,22), apps should link constructs to create
behavior change. As suggested in other disciplines, apps
should be developed with the input of the professionals
in that discipline (23). This collaboration would help
make progress in offering clients and patients helpful
apps in their behavior change efforts. A further addition
would be to develop apps that incorporate feedback
and monitoring from health professionals, which may
increase behavior change adherence than the app alone (6).
Lastly, the only app feature that cued the user to action
was the notification to engage in movement. Otherwise,
the user needed to use the app manually. This could be an
area of future research to determine an appropriate level of
automation versus user initiation.

Limitations

In this pilot study, there was a small sample size, for two
main reasons that are commonly seen in longitudinal app
studies. First, there were challenges with recruitment that
researchers speculated, such as people were not interested
in using a fitness app, people did not want to commit to
an 8-week study, or people had an iPhone instead of an
Android device. Second, there were issues with study
attrition, which is not uncommon in technology-based
research (24). Because of the small sample size, we were
unable to explore changes in fitness outcomes across app
variations; instead the study demonstrates feasibility in
measuring changes in behavior, perceptions and intentions.
Future research with larger samples is needed to explore
changes in fitness outcomes based on the type of theory
constructs a participant receives in a fitness app, and if
the number or types of constructs received influence the
outcome. While this was the initial intent of the present
study, due to difficulties with study enrollment and
retention we were not able to answer this question. Despite
this limitation, the study offers useful information about
feasibility of assessing theory-based apps and highlights the
importance of continuing to examine how different types
of apps based on theory impact health outcomes. Another
limitation is that participants self-selected to participate in
this study. Therefore, there may be bias, such as already
favorable views of being physically active or using fitness
apps. In addition, the users were not involved in the
development of the app, they only tested the app once
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designed.

Regarding the theory, though the research team made
every effort to connect theory constructs to actual app
features, there is a chance that the app features did not
tully address the construct it intended to address (attitude,
subjective norms, perceived behavior control). There is
also the chance that TPB was not an ideal theory to use in
development of a fitness app.

Future directions

There are a multitude of future directions for theory-
based fitness app research. This same study could be
replicated using a larger sample, especially to examine app
feature usage. There could also be a comparison of clinical
versus non-clinical sample populations. Different health
behavior theories could also be used in the development
of fitness apps. More research is pointing to the usefulness
of including the user in the app design process (25-27).
"This user involvement in app design combined with health
behavior change theory usage could be helpful in eliciting
health behavior change. That said, the TPB constructs
mapped to the app features in this study are an excellent
starting point for future studies.
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