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Abstract

Background: The Active2Gether intervention is an app-based intervention designed to help and encourage young adults to
become and remain physically active by means of personalized, real-time activity tracking and context-specific feedback.

Objective: The objective of our study was to describe the development and content of the Active2Gether intervention for
physical activity promotion.

Methods: A systematic and stepwise approach was used to develop the Active2Gether intervention. Thisincluded formulating
objectives and atheoretical framework, selecting behavior change techniques, specifying thetailoring, pilot testing, and describing
an evaluation protocol.

Results: The development of the Active2Gether intervention comprised seven steps: analyzing the (health) problem, developing
aprogram framework, writing (tailored) messages, devel oping tailoring assessments, devel oping the Active2Gether intervention,
pilot testing, and testing and eval uating the intervention. The primary objective of the intervention was to increase the total time
spent in moderate-vigorous physical activity for those who do not meet the Dutch guideline, maintain physical activity levels of
those who meet the guideline, or further increase physical activity levelsif they so indicated. The theoretical framework isinformed
by the social cognitive theory, and insights from other theories and evidence were added for specific topics. Development of the
intervention content and communication channel resulted in the development of an app that provides highly tailored coaching
messages that are framed in an autonomy-supportive style. These coaching messages include behavior change techniques aiming
to address relevant behavioral determinants (eg, self-efficacy and outcome expectations) and are partly context specific. A
model-based reasoning engine has been developed to tailor the intervention with respect to the type of support provided by the
app, send relevant and context-specific messages to the user, and tailor the graphs displayed in the app. For the input of the
tailoring, different instruments and sensors are used, such as an activity monitor (Fitbit One), Web-based and mobile questionnaires,
and the location services on the user’s mobile phone.

Conclusions: The systematic and stepwise approach resulted in an intervention that is based on theory and input from end users.

The use of a model-based reasoning system to provide context-specific coaching messages goes beyond many existing eHealth
and mHealth interventions.
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Introduction

Insufficient physical activity (PA) isarisk factor for avoidable
burden of disease [1,2]. About 25% of the adult population
worldwide[2] and around 50% in many western countries such
asthe US and the Netherlands[3] do not meet the recommended
guidelinesfor PA. Moreover, engagement in moderate-vigorous
PA (MVPA) decreaseswith age, in particular when transitioning
from adolescence into (young) adulthood [4,5].

In general, health promotion interventions informed by
established health behavior theory have been found to be
associated with higher effect sizes than interventions not based
on theory [6-8]. Research examining the determinants of PA
mainly focuses on social cognitive and social ecological factors
[9-15]. Social cognitive theories and models, such asthe health
belief model [16], the theory of planned behavior [17], and the
socia cognitive model [13], have been developed to explain
health behaviors and guide health behavior research and
behavior change [18,19]. Although these models mainly focus
on intrapersonal and interpersonal factors, social ecological
models more explicitly recognize that behavior may also be
strongly influenced by contextual factors, such as the
sociocultural and physical environments peoplelivein[19-21];
for example, Salliset al [20] proposed aframework recognizing
that individuals are physically active within different domains
(eg, recreation, transport, household, and occupation), where
different factors on multiple levels influence their overall PA
behavior. Thus, interventions that aim to increase levels of PA
should not only target intra- and interpersonal factors but also
take their physical and social environmentsinto account.

Besides interventions being informed by theory, interventions
aremorelikely to be effective when established behavior change
techniques (BCTSs) areincorporated [6,8,22]. More specificaly,
interventions that included a self-monitoring feature in
combination with features such as prompting intention
formation, specific goal setting, providing feedback on
performance, or reviewing behavioral goals were significantly
more effective at promoting PA and healthy eating than
interventions that did not include these BCTs[8].

Systematic reviews further showed that Information and
communications technology (ICT)-supported, individually
tailored interventions are superior to generic interventions in
promoting PA and user engagement and appreciation [6,23-25].
Moreover, Krebset al [23] demonstrated that dynamic tailoring
(ie, iteratively assessing and providing feedback) was associated
with larger effect sizes than static tailoring (ie, all feedback is
based on one baseline assessment) [23]. Additionally, Rabbi et
al [26] reported promising results when using machine-learning
techniques to automatically create contextualized and
personalized feedback to increase levels of PA. Modern
technol ogy, such as smartphones, smartphone apps, and activity
trackers, offer new possibilitiesin health promotion, especially
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in young adults, of whom the majority owns a smartphone
[27,28]. Furthermore, the rapid growth of the popularity and
variety of health and fitness apps and activity trackers suggest
that young adults will appreciate and adopt an app-based PA
intervention.

Several content analyses have been conducted to identify if and
how constructs of behavior change theories and BCTs are
incorporated in PA promotion apps. Generaly, the apps
analyzed were lacking applications of behavior changetheories
and the use of evidence-based BCTs [29-33]. Moreover, apps
mostly provide generic advice or tips about PA; gamification,
punishment, and context-aware feedback are rare among PA
apps [34]. Only afew apps incorporate some form of adaption
to theuser [34]. Lastly, existing appsfail to meet the guidelines
for PA [35,36]. Despite the fact that health and fitness apps are
popular among smartphone users [37,38], recent research
indicates that most presently available apps lack the necessary
empirical basis to make a meaningful difference in PA
promotion [7]. Thus, those apps are less likely to be effective,
and room for improvement existswhen using an app to promote
physical activity. A recently published systematic review
examined studies that used apps in interventions to influence
health behavior, including PA [39]. Themgjority of those studies
that targeted adults reported significant short-term intervention
effects on levels of PA [39]. Furthermore, the mgjority of the
interventionsthat reported significant changesin behaviorsand
health-related outcomes included BCTSs, such as goal setting,
self-monitoring, and feedback on the performance [39].

In summary, innovative | CT-supported mobil e technol ogy-based
approaches that are evidence based and include dynamic
tailoring using intelligent data interpretation techniques may
help to effectively support achievement and maintenance of

behavior changein the PA domain. However, both the empirical

basis and dynamic tailoring are lacking in current apps. Thus,

PA appsthat incorporate constructs of behavior change theories
and BCTs and provide dynamically tailored feedback are
needed. Therefore, we devel oped the Active2Gether intervention
that combines mobile (app-based) technology with dynamically
tailored feedback and aims to go beyond existing (mobile) PA
interventions. The Active2Gether intervention is an app-based
intervention designed to help and encourage young adults to
become and remain physically active by focusing on the domains
of active transport, stair climbing, and sports participation. To
do so, participants of the Active2Gether intervention will be
categorized into one of the 3 awareness categories (education,
coaching, and feedback). Participantsin the education category
will receive educational messages on the benefits of PA, whereas
participants in the feedback category will receive motivational

messagesto maintain their active lifestyle. Participantswho are
inthe coaching category will be coached on sports participation,
taking the stairs, or active transport. Every week, the participants
will be asked to choose their coaching domain and to set a
weekly goal. Participants will receive a message with a
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suggestion for a coaching domain and a weekly goal based on
their previous behavior, but the final decision will be up to the
user. The participants will receive a Fitbit One activity tracker
that can be synced to the Active2Gether app and will alow the
participants to monitor their PA behavior through the
Active2Gether app. Additionally, participants will receive
(daily) coaching messages addressing relevant behavioral
determinants. The content of the messages will be tailored to
the user’'s behavioral determinants, occupational status, and
weather. Lastly, the intervention offers the opportunity to
monitor and compare the behaviors with those of other
Active2Gether participants because the app will display the
activity data of the participant, including a graph displaying the
activity data of 6 other participants, preferably friends. The
graph with the activity data of otherswill rank the participants
based on their step activity and the user preferences for social
comparison (ie, upward or downward comparison). Taking this
preferenceinto account doesinfluence the effectiveness of socia
comparison as a behavior change technique [40]. The aim of
this paper was to describe the systematic development and
content of this Active2Gether PA-promotion intervention. The
methods section provides a brief overview of the stepwise
approach that was used to develop the intervention and a brief
description of the target population and the methodology used
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to develop the intervention. The results section will provide
more detailed information on the results of the systematic
development and content of the intervention.

Methods

Target Population

The Active2Gether intervention focuses on healthy and highly
educated young adults aged 18-30 years who have a suitable
smartphone running on Android version 4.0 or higher.

Intervention Development

We used a 7-step systematic approach to develop and evaluate
theintervention (Table 1). To ensure that the app was informed
by relevant health behavior and health behavior change theory
and evidence, the development was guided by the
program-planning model devel oped by Kreuter et a [41]. Some
steps were adapted because it felt more logical to the research
team, and the order of some steps were changed; for example,
creating tailoring algorithms, automating the tailoring process,
and devel oping the communication channel are described inthe
same step. The 7 steps are further described in the Results
sections.

Table 1. Description of the stepwise process for the development of Active2Gether.

Steps Step description

Step 1: Analyzing the (health) problem .

Describing atheoretical framework on how to promote MVPA?

«  Selecting behavior change techniques based on theory and evidence to address determinants of
behavior, based on existing studies and reviews[42,43]; Assessing existing apps (what is available?)
[30]; Exploring preferences of end users [44,45]

Step 2: Developing a Program Framework — «

Identifying relevant physical activity behaviors to increase MV PA. Defining the main and subob-

jectives of the intervention
o Describing framework components

Step 3: Writing (tailored) messages (theor-  «
der of this step was changed: Step 5)b

Step 4: Developing tailoring assessments  »
(the order of this step was changed: Step

3P
Step 5: Developing the Active2Gether inter-  «
vention (steps were merged)© .
and send messages
Step 6: Pilot testing .

Writing tailored messages

Selecting and devel oping measurementsto assesslevels of physical activity, behavioral determinants,
locations, and connected friends

Designing tailoring agorithms for the reasoning system
Channel of communication: building a Web-based app and system to combine and interpret data

Pilot-testing the intervention to detect errorsand impracticalitiesin order to improve theintervention

prior to itsimplementation

Step 7: Testing and evaluating theinterven-  «
tion

The intervention will be used by alarger group of participants and then analyzed and evaluated
with respect to effect, process, and impact

MV PA: moderate-vigorous physical activity.

bAccordi ng to the program-planning model by Kreuter et a [41], the tailored messages should be written in step 5, whereas the tailoring assessments

should be developed in step 3.

CCreating tailoring algorithms, automating the tailoring process, and developing the communication channel are described in the same step, whereas
according to the program-planning model, these are steps 6 and 7, respectively.
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Step 1: Analyzing the (Health) Problem

I dentifying Determinants of Change and Reviewing
Applicable Theories and Models

Because theory-based interventions are associated with higher
effect sizes than interventions not based on theory [6,46],
defining the theoretical framework for the intervention is
necessary. To do so, prominent health behavior theories and
scientific literature were reviewed.

Social cognitive theory (SCT) was adopted as a basis for the
theoretical framework as it is one of the most prominent
behavior change theories used to inform interventionstargeting
health behavior change [10,47,48], and a recent meta-analysis
reported that SCT concepts may explain 31% of variancein PA
[10]. SCT addresses both individual and social factors and
recoghizesthereciprocal relation between individualsand their
context or environment. For these reasons, SCT thus guided
and informed theintervention’stheoretical framework; insights
from other theoriesand evidenceswere added for specific topics.
Figure 1 showsthe structural pathways of Bandura's SCT [49],
and Figure 2 shows the specific theoretical framework [49] that

Figure 1. The structural pathways of Bandura's social cognitive theory.
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isused for the Active2Gether intervention. In Figure 2, the bold
lines and boxes represent the elements that are based on the
Social Cognitive Theory, and the dotted lines and oval boxes
represent behavioral determinants added to the theoretical
framework.

Selection of Behavior Change Techniques

Wefirst identified evidence-based and relevant BCTsand linked
these with the behavioral determinants of the theoretical
framework by means of areview of therelevant literature, based
on an existing taxonomy of BCTs [42,43]; see Multimedia
Appendix 1 [9,22,42,43,50-53]. To explore which BCTs were
used in already existing PA promotion apps, asystematic content
analysis of such apps available in iTunes and Google Play was
conducted [30]. Additionally, focus group discussions with the
target population were conducted. The methods and results of
thesefocus groups have been published in more detail €lsawhere
[45]. Finally, aWeb-based cross-sectional survey was conducted
among 179 young adults to assess their ratings with respect to
the importance of specific BCTs applied in apps and their
preferences for personalized tailoring [44].
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Figure 2. The specific theoretical framework that is used for the Active2Gether intervention.
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Step 2: Developing a Program Framework

Defining the I ntervention’s Primary and Secondary
Objectives

The foundation of the intervention is the definition of the
program’s outcomes and objectives [54,55]. Therefore,
specifying who and what will change as a result of the
intervention is necessary [54,55]. Intervention objectives were
based on the Dutch guidelines for physical activity for adults,
which included the following: 30 minutes of moderate PA for
at least 5 days aweek or 20 minutes of vigorous PA for 3 days
aweek [56].

Describing Framework Components

Based on steps 1 and 2 and the research team’s expertise, a
general framework was developed. The aim was to develop a
highly tailored intervention that contains a self-monitoring tool,
goal setting, social comparison, and motivational and
context-specific messages.

Tailoring and personalization of the intervention content is
realized in the following 6 ways. determining the personally
appropriate type of support (ie, education, coaching, or
feedback), selecting the persondly relevant and preferred
domain of PA for user coaching (ie, sports participation, stair
use, or active transport), suggesting a weekly goal, selecting
the personally appropriate behavioral determinantsfor coaching,
sending only relevant coaching messages and filtering out
nonrelevant messages, and tailoring and personalization of the
app content.

Step 3: Writing (Tailored) M essages

Next, we trandated the BCTs into actual tailored feedback
messages and advice. For each BCT per behavioral determinant
(Multimedia Appendix 1), a set of messages was created that
was tailored to the three coaching domains (ie, sports
participation, activetransport, and stair climbing). Consequently,
a message library was created that contained feedback and
advice messages tailored to all possible levels of the relevant
behavioral determinants, as recognized in the underlying
theoretical framework.

Creating the message library was an iterative process of
brainstorming, writing a set of messages (AM), and providing
feedback and suggestions (JM and StV). To test whether the
tone of voice and content appealed to the target population, a
subset of messages was pilot-tested among 7 peopl e of the target
population.

Step 4: Developing Tailoring Assessments

To tailor the messages to the individual users, assessment
methods were selected.

Assessment of Activity

First, after considering functionalities, validity, and costs of a
range of available activity trackers, the user's activity was
monitored using Fitbit One, which includes monitoring of steps
and stairs climbed. Fitbit One was chosen because of its
functionalities and small size [57]. The activity monitor
communicates with the Fithit app and website that display the
collected data for example by showing a color-coded chart

https://www.researchprotocols.org/2018/12/e185/

Middelweerd et &l

indicating the proximity to the step goal, which is set to adefault
of 10,000 steps per day.

Fitbit allows developers and researchers to access Fitbit data
and thus integrate the Fitbit data into health behavior
interventions such as Active2Gether. To access Fithit data, Fitbit
offers an application programming interface (API). Fitbit One
was validated using smaller time intervals (ie, minutes, hours,
and days) relevant for real -time feedback and instant behavioral
insights to its users. Healthy young adults (N=34) wore the
ActiGraph GT3x+ and a Fitbit One for one week. Detailed
information on the methodol ogy can be found elsewhere [58].

Assessment of Behavioral Determinants

Literature was reviewed for relevant, existing, and validated
guestionnaires to assess behavioral determinants. Behavioral
determinants are assessed by means of a questionnaire with
both its long and short versions, which were selected based on
validations of such questionnaires. The long version is part of
an “intake” questionnaire before the actual intervention and as
a point of departure for the tailored intervention, whereas the
short version is used repeatedly throughout the intervention
period to dynamically tailor theintervention content to the user.

Assessment of Location Data

A questionnaire was designed for the purpose of assessing
information on significant places. In addition, the Active2Gether
app was built in away that enabled the collection of the user’'s
location data.

Assessment of Connected Friends

To increase the users’ engagement, we assessed whether users’
friendswere al so participating in the Active2Gether intervention.
Because Facebook is very popular among Dutch young
adults—93% of Dutch adults aged 18-24 use Facebook
[59]—Facebook was used to find connected friends that were
also participating in the study.

Step 5: Developing the Active2Gether I ntervention

Creating Tailored Algorithms

To realize such tailored coaching, we developed a system that
combines detailed behavior monitoring with intelligent data
interpretation and model-based predi ctions. Thus, by combining
data from the different sources, the system enables
personalization of the coaching strategies to try to achieve the
most positive effect on behavior change. Detailed information
on the system and the development of the system can be found
elsewhere and is not described in the Results section [60].

Designing and Developing the Communication Channel

We decided that the communication channel of the
Active2Gether intervention should be a smartphone app. The
app shows the website in a format that is viewable on smaller
screens. Thus, the intervention content was accessible through
the app or the website. The research team devel oped the design
template of the smartphone app. Information on the devel opment
of the app can be found elsewhere [60].
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Step 6: Pilot Testing

To detect possible bugs in the system and to assess user
friendliness and appreciation, the app was pilot-tested in two
steps. Firgt, the Active2Gether team (AM, JSM, Adnan Manzoor
Rajper, SitV, and MCAK) used the initid version of the
Active2Gether app. Bugs, nuisances, etc, were monitored, listed,
and fixed accordingly when and where possible. Second, 7
people from the target population (5 women, 21-28 years old,
al highly educated, or studying at the bachelor's or master’'s
level) were recruited to use the adjusted version of the app,
monitor bugs and nuisances, provide feedback in person, and
answer a questionnaire regarding use, user friendliness, and
appreciation. The app was further adjusted based on that
information.

Step 7: Testing and Evaluating the I ntervention

The intervention, the Active2Gether app, will be evaluated for
its efficacy to change weekly levels of MV PA in young adults
and for the usability of the app.

Results

Step 1: Analyzing the (Health) Problem

| dentifying Determinants of Change and Reviewing
Applicable Theories and Models

Asaresult of Step 1, a theoretical framework was built based
on the relevant scientific literature (please see further details
below). The theoretical framework was subsequently used to
develop the content of the intervention and predict the PA
behavior of the users so that the intervention content could be
tailored to each individua user.

Self-efficacy, a key construct within SCT (and in other health
behavior theories) [18,49], was adopted as a key construct in
Active2Gether. Self-efficacy is defined as someone’s beliefsin
his or her own capabilities to perform certain actions needed to
achieve adesired outcome. Self-efficacy affects PA both directly
and indirectly, as seen in Figures 1 and 2. Self-efficacy may
influence outcome expectations—one’s beliefs about the positive
and negative consequences of one's behavior, such as
participating in physical activities [18,49]. In other words,
people who are more efficacious about being physically active
will also be more likely to expect the favorable outcomes of
participating in physical activities. [49] Moreover, self-efficacy
may al so influence how people perceive potential obstaclesand
impediments [49] and may also influence intentions to engage
in PA behaviors [61]. Goal setting was adopted as a second
important basis for change, where goals can be either proximal
(ie, shorter-term intentionsto act) or distal (ie, longer-term goals
to achieve something) [49,62]. Distal goals are goals set for the
longer term and they set the course for personal change [62].
According to Bandura[49], distal or long-term goalscaninitiate
behavior change but are not sufficient to change behavior
directly, as seen in Figure 1. Goal setting is dependent on the
levels of self-efficacy and perceived barriers and opportunities.
In line with this notion, a meta-analysis inspired by the
action-control framework indicated that 48% of the participants
who intended to be physically active failed to do so. Therefore,
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forming intentions is often not sufficient to realize behavior
change; self-regulatory and action-control techniques are needed
to support behavioral enactment [63]. A further meta-analysis
on effective techniques in healthy eating and PA interventions
concluded that interventions that offered self-monitoring and
addressed self-regulation were more successful in increasing
PA than interventions not including those techniques [8]. SCT
posits that when individuals adapt and revise their behavior,
they may adjust their beliefs and goals regarding this behavior
[49]. In our theoretica framework, we therefore included
“satisfaction,” which is defined as an evaluation of the PA
behavior.

Inlinewith SCT, we also recognized that the social environment
influences behavior through social norms and that performing
certain behaviors can evoke social reactions, both positive and
negative [49]. In the Active2Gether intervention, we address
not only intrapersonal (eg, lack of motivation and tiredness)
and social barriers (eg, lack of support) but also contextual
impediments (eg, lack of time, weather and travel distance), as
seen in Figure 2. Lastly, it was decided that users will be
categorized based on their awareness of their personal PA levels
before they will be coached; people who are overly optimistic
about their PA levels (ie, who believe they engage in adequate
amounts of PA while their data show insufficient levels) will
be much less likely to be motivated to increase their PA levels
[64].

Selection of Behavior Change Techniques

Content analysis showed that the apps available to date generally
lack sufficient incorporation of evidence-based BCTs [30].
BCTs that were applied most often were providing feedback
on performance, prompting self-monitoring of behavior,
prompting specific goal setting, and planning social support or
socia change [30]. Additionally, focus group discussions with
the target population indicated that participants preferred
self-monitoring, goal setting, and a ranking feature but were
not willing to share their accomplishments on social media for
social comparison and initiating social support [45]. The focus
groups further suggested that the Active2Gether app should be
highly personalized, have an easy-to-use design and format,
include a coaching feature that provides tailored feedback to
self-set goals, enable competition with friends by ranking or
earning rewards, and include the option to personally customize
the application [45]. Finally, aWeb-based cross-sectional survey
among 179 young adults to assess their ratings with respect to
the importance of specific BCTs applied in apps and their
preferences for personalized tailoring confirmed the need for a
personal coaching feature and showed that BCTs addressing
goal setting, goal reviewing, feedback, and self-monitoring were
rated as important to be incorporated in an app, whereas social
support and social comparison were considered less important
[44]. The combined results of the literature review, focus group
discussions, and survey guided the selection of BCTs to be
included in Active2Gether (Multimedia Appendix 1).
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Step 2: Developing a Program Framework

Defining the I ntervention’s Primary and Secondary
Objectives

Step 2 resulted in the decision to make the following the primary
objective of the Active2Gether intervention: increase total time
spent in MV PA for those who do not meet the Dutch guideline,
maintain PA levels of those who meet the guideline, or further
increase PA levels if they so indicated. The secondary aims
were defined as follows: to increase the underlying specific
categoriesof MV PA (ie, minutes of weekly sports participation,
weekly numbers of stairs climbed, and weekly minutes of active
transport) and to enhance the underlying determinants of the
PA behaviors.

Describing Framework Components

Theframework contained information on the levels of tailoring
and an outline of the steps taken to deliver tailored messages.
Detailed information on the framework components can be
found in Multimedia Appendix 2.

Step 3: Writing (Tailored) M essages

Inlinewith Self-Determination Theory [65], the messageswere
written in an autonomy-supportive style. Messages were also
written in away that supports rel atedness and individualization
(eg, by addressing the users personally by their names). By
respecting their autonomy and making them feel related to the
Active2Gether intervention, we aimed to increase the user's
willingness to follow up on the coaching messages. Moreover,
the messages were written in a positive gain-framed style, that
is, astylethat describesthe potential gains(eg, in health, fitness,
and relaxation) when participating in PA rather than focusing
on loss (ie, ill hedlth, lack of fithess, and stress) when not
engaging in PA [66]. The majority of the messagesweretailored
to determinants in the theoretical framework, the weather, and
occupational status.

A pilot test of asubset of messages among 7 female bachelor’s
and master’s studentsindicated that the messageswere friendly,
motivational, and empathic; some were perceived as autocratic,
whereas somewere not. Some minor changes were made to the

messages.
Step 4: Developing Tailoring Assessments

Further decisions were made on how to measure the
characteristics for tailoring messages.

Assessment of Physical Activity

Our test of the validity of the Fitbit One indicated that Fitbit
can be considered a valid device to assess step activity for
real-time minute-by-minute self-monitoring, athough an
overestimation of 677 steps per day by Fitbit was seen compared
with the ActiGraph [58]. However, the validation study indicated
that Fitbit islesssuitablefor providing instant real-time feedback
and daily feedback on PA intensity levels (ie, minutes of
moderate, vigorous, or MVPA) because it substantially and
systematically overestimates the time spent per intensity level
per hour [58]. For that reason, Fithit is only used to assess step
activity.
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Participants need to give permission once for the application to
accesstheir activity data. Thesethen can be collected regularly,
and a summarized version of the data is stored in the
Active2Gether database. Thesedataare utilized in thefollowing
several ways: for presenting the activity level (ie, number of
steps and number of stairs climbed) to the user, for determining
the type of coaching, and for tailoring coaching messages.

Assessment of Behavioral Determinants

We decided to assess behavioral determinants by means of a
guestionnaire with both itslong and short versions, which were
selected based on the validations of such questionnaires. The
long version is based on existing questionnaires that have
previously been validated (ie, Neighborhood Quality of Life
Survey and Self-efficacy scales) or questions used in previous
studies and were trandated and adapted where necessary
[20,21,67]. Inthe short questionnaire, we decided to use single
item questions to assess each of the behavioral determinants
that are part of the framework and the system. In the short
version of the questionnaire, al determinants are specified for
each coaching domain (ie, sports participation, stairs use, and
active transport). These items were not pretested as such but
were based on the long questionnaire. Multimedia Appendix 3
[12,68,69] provides an overview of the questions asked in the
long and short versions of the questionnaire, including the
answer options.

Assessment of Location Data

We aso included questions about the participants significant
places (eg, home address, parental home, sports location,
university, work location) in the intake questionnaire. These
questionsfocus on travel optionsfrom their hometo significant
locations, thus information about the active and nonactive
transportation options. Additionally, information about the
number of stairs available at each location and the maximum
number of stairsthe participant iswilling to climbin onegois
assessed as well.

The user's location (GPS coordinates) is collected using
Google’'s location services that can be linked with the
Active2Gether app. The location data are used to determine
whether the user visited his or her significant locations (eg,
home, study or work place, and sports club) and to derive
information about transport and travels that have been made.
In addition, information about the characteristics of locations
is used for personalized coaching messages to the user. For
instance, if a person is being coached on using the stairs more
often at their place of work or study, it isonly useful to suggest
this when the option to climb the stairsisindeed present at the
worksite or university.

Assessment of Connected Friends

Information regarding the participants' friendsis collected using
the Facebook API. Users are asked to provide access to their
Facebook 1D and their connections by logging into Facebook
once and giving permission for this. It isimportant to note that
Facebook does not provide personal information about
someone's Facebook connections but only a list of Facebook
IDs of their connections. This information can be used to see
whether any Active2Gether users are connected on Facebook.
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If two participants of the current intervention are connected on
Facebook, they see a ranking within the app that shows
achievements of both users. In this way, the users only share
their achievements with a closed group and not with
“everybody,” according to the preferences stated in the focus
group discussions.

Step 5: Developing the Active2Gether | ntervention

Designing and Developing the Communication Channel

The Active2Gether app shows anonpersonalized, generic avatar
with awel come message that mentionsthe user’s current weekly
goal. The app displays the current number of daily steps and
stairs climbed. In addition, the app shows the following 4
graphs: a bar chart with the step progress toward 70,000 steps
per week, aranking with 6 other Active2Gether users—where
possible Facebook friends—based on the step activity over the
last seven days, the activity data for each weekday for the
current coaching domain (ie, minutes of sport activity, numbers
of stair climbed, or minutes of active transport), and the step
activity for each weekday. The third and fourth graphs display
the user's own data and the average data assessed within
Active2Gether. Moreover, these graphs can be adjusted

Figure 3. Screenshot of the Active2Gether app.
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according to the user’s preferences, that is, they can show data
for the last week, last month, or from the first use.

Tailored messages and short questions are sent via push
messages through the app. After the user reads the messages,
they are displayed at the bottom of the app. Only the 5 messages
sent most recently are displayed in the app. Figure 3 shows a
screenshot of the app.

Step 6: Pilot Testing

The app was adjusted based on the feedback of the 7 participants
who pilot-tested the app; for example, thetiming of the different
steps in the tailoring process (ie, determining the type of
feedback, the coaching domain, the weekly goal, and the most
promising behavioral determinants) did not originally account
for exceptional casesin which auser takesvery long to complete
a step, causing the next step to be skipped. In the adjusted
version, multiple checks and safety mechanisms were
implemented to make sure that the tailoring process could still
be finished correctly in such conditions. Also, automated
messages to remind users to charge their Fitbit and to
synchronize their data were added to the system because of the
observation that participants in the pilot study sometimes did
not notice when it was necessary to do so.
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Step 7: Testing and Evaluating the I ntervention

After developing the intervention, an evaluation study was
conducted for which data have been collected between March
2016 and September 2016 and datacleaning and initial analyses
are now being conducted. A three-arm quasi-experimental
trial—with two active control groups—with abaseline and two
follow-up assessments at 6 and 12 weeks was conducted to
examine the effectiveness of the Active2Gether intervention.
Thistrial isregisteredinthe Dutchtrial registry, No. NTR5630.
A detailed description of the study protocol can be found in
Multimedia Appendix 4 [12,68,69].

Discussion

This study describes the development and content of
Active2Gether, an app-based i ntervention, which was devel oped
using a systematic and stepwise approach. The aim of the
Active2Gether intervention is to empower young adults to
become and remain physically active by providing them with
app-based tail ored coaching and feedback. Active2Gether makes
use of an activity tracker and personalized, context-specific
feedback. It focuses on 3 PA domains, builds on established
behavior theory, and applies evidence-based BCTs and a
model-based reasoning system to provide individually tailored
coaching messages based on current scores on the behavioral
determinants.

The development and content creation of Active2Gether was a
stepwise process. The program-planning model proposed by
Kreuter et a [41] was mainly used to guide the development
and content of the Active2Gether intervention. It statesthat the
health problem needs to be analyzed before developing an
intervention, the intervention needs to be based on theory and
scientific evidence, and the developmental processis aloop of
development, evaluation, and adjustment of the intervention.
Program-planning model s provide detail ed guidance to develop
an intervention, which al so takestime. Because the possihilities
of modern technology in interventions are rapidly evolving,
possibilities and preferences that were assessed at the beginning
of alengthy development process may be outdated at the time
of implementation or evaluation. The development and content
of Active2Gether were guided by relevant health behavior
theories and scientific evidence, aiming to develop an
intervention that provides a highly tailored feedback.
Consequently, less attention was paid to app design and
aesthetics that might have resulted in a less appealing app
compared with commercial apps. Furthermore, the app is only
available for Android devices running on version 4.0 or higher
and is therefore not available for older Android devices and
smartphones running on other operating systems. Active2Gether
incorporates a number of conditions to secure high levels of
engagement. First, our approach, integrating a model-based
reasoning system, alows us to provide the user with a
dynamically tailored intervention that adjusts to the changesin
the user. Second, by applying multiple levels of tailoring in the
app and the content of the messages (ie, type of support,
coaching domain, coaching messages, and weekly goals), the
app islikely to be regarded as personally relevant and increase
feelings of relatedness. Third, by comparing the PA of the user
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with that of other Active2Gether users (if possible with their
Facebook friends), we expect to further increase persona
relevance and relatedness. Lastly, by giving the user the option
to select from 3 PA domains and set their own goals with
guidance and suggestions based on their own input, we expect
higher levels of autonomy, resulting in higher motivation to
follow up on the coaching messages. However, to implement
these different levels of tailoring, detailed user information is
needed repeatedly; thus, frequent user input is needed, which
increases user burden.

To date, mobile phones and personal digital assistants have been
used to monitor PA with either smartphone apps or external
devices, deliver feedback, provide information, and offer a
support system to the participants [7]. Active2Gether makes
use of an external device, Fitbit One, to monitor PA and provide
feedback through the app based on the user’'s behavior.
However, Active2Gether goes beyond existing interventions
by combining data from multiple sources to send
context-specific messages. Furthermore, the majority of the
published interventions focuses on step activity [70,71], whereas
Active2Gether focuses on sports activity, stair walking, and
active transport as well. Therefore, the app may be more
appealing to participantswho do not like to participate in sports,
especialy because the user can adapt to his or her coaching
domain every week. However, Active2Gether does not yet
incorporate geofencing (ie, sending location-triggered
messages), which would further improve the possibilities for
context specificity and real-time feedback and advice by, for
example, sending a reminder to climb the stairs at work when
users are close to their work location.

So far, the majority of the app-based interventions to promote
PA showed positive short-term effects [39]. In line with other
app-based PA interventions, Active2Gether makes use of
self-monitoring, goal setting, and providing feedback. However,
Active2Gether provides dynamically tailored feedback using
artificia intelligence-based techniques and including conditional
factors (ie, weather), whereas other interventions use logic
statements and decision rulesto specify which messages should
be sent to the user; for example, Active2Gether uniquely
assesses behavioral determinants every week to providetailored
advice and feedback on the current behavior, whereas most
studies mostly provide feedback on the current behavior only
[72-76]. Current app-based interventions to promote PA focus
on step activity or overall MVPA [72-77], whereas
Active2Gether focuses on sports activities, active transport, and
stair walking as well. The majority of papers on app-based
interventions reported significant effects[39], and a study that
combined machine learning techniques to send personalized
messages that were contextualized to the user’s environment
and previous behavior showed promising results with regard to
the efficacy of theintervention [26]. Because the Active2Gether
intervention went beyond the majority of those apps and
included BCTs proven to be effective, we expected to find
significant intervention effects compared with the 2 (active)
control groups.

Active2Gether is ambitious and innovative and incorporates
certain risks, for example, theintervention highly relieson input
from the activity monitor and location sensor and thus on the
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user to turn on and synchronize the tracker with the server.
Furthermore, it relies on responses from the users on repeated
questionnaires. If they do not provide input at al or if they do
not provide true and honest answers, the coaching messages
that are informed by this information may become irrelevant
and nontailored. Moreover, if a participant is not a Facebook
user or has no appropriate contacts, the personalization could
be limited. Finally, if technical problems are encountered, this
may result in errors in synchronization and sending messages
late or not at al. To limit the burden for the participants and
minimize their input to reduce potential technical problems,
future research could make use of smartphone sensorsto assess
the participant’s behavior.

The overall effectiveness of Active2Gether thus needs to be,
and is being, evaluated in a quasi-experimental trial with a
12-week follow-up. However, because app-based interventions
offer the possibility to deliver just-in-timeinterventionsthat are
relevant for the user’s situation for that particular moment, a
study is needed to examine the possible effectiveness of specific
real-time feedback and advice moments [78]. An ecological
momentary assessment [79] in such a quasi-experimental trial
setting may help to assess potential specific effects throughout
the intervention period. An evaluation of the efficacy of the
intervention and the usability can help to further adapt and
improve the intervention for future research. Furthermore, data
collected during thetrial can provide insights on how to further

Middelweerd et &l

personalize content to the users. The quasi-experimental trial
also includes monitoring of app use and a process evaluation
of app use and appreciation that will provide information on
larger scale dissemination, implementation, and changes
required to improve conditions for wider use of the app.

Because the intervention has been developed with an early
consideration for the preferences of the target population, it is
more likely to meet the expectations of the target population.
Consequently, the intervention is more likely to be adopted by
thetarget population. However, the intervention might be prone
to technical errors, and a significant input from the user is
needed to provide tailored feedback. This might be a burden
for the participants, leading to a lower adoption rate. We
conducted asmall pilot study to test the Active2Gether app and
to detect bugs and technical errors; ideally, the pilot study would
have been conducted with alarger sample. The current version
of the Active2Gether intervention has been devel oped for young
adults with higher education owning a smartphone running on
Android version 4.0 or higher. The content needs to be adjusted
before offering the intervention to other target populations.

This paper describes the systematic development of an
intervention that is based on theory and input from end users.
The use of a model-based reasoning system to provide
context-specific coaching messages goes beyond many existing
eHealth and mHealth interventions.

Acknowledgments

Wewant to thank Adnan Manzoor Rajper for his contribution to the project. Thisresearch is supported by Philipsand Technology
Foundation STW, Nationaal Initiatief Hersenen en Cognitie NIHC under the Partnership program Healthy Lifestyle Solutions

(grant no. 12014).

Conflictsof Interest
None declared.

Multimedia Appendix 1

Overview of the behavior change techniques (BCTs) that were selected to target the behavioral determinants of the
theoreticalframework and how they were applied within the intervention.

[PDE File (Adobe PDFE Fil€), 288K B-Multimedia Appendix 1]

Multimedia Appendix 2
Components and flow chart of the tailored intervention.

[PNG File, 285K B-Multimedia Appendix 2]

Multimedia Appendix 3

Overview of the questions used for the short and long version of the questionnaire.

[PDE File (Adobe PDF Fil€), 215K B-Multimedia Appendix 3]

Multimedia Appendix 4
Study protocol.

[PDE File (Adobe PDF File), 313K B-Multimedia Appendix 4]

References

https://www.researchprotocols.org/2018/12/e185/

JMIR Res Protoc 2018 | vol. 7 | iss. 12| €185 | p. 10
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v7i12e185_app1.pdf&filename=8fed4c37b6cd770ece583c1fd51a5a2d.pdf
https://jmir.org/api/download?alt_name=resprot_v7i12e185_app1.pdf&filename=8fed4c37b6cd770ece583c1fd51a5a2d.pdf
https://jmir.org/api/download?alt_name=resprot_v7i12e185_app2.png&filename=a6b94f6dbc0716a48b1e8355989fa37a.png
https://jmir.org/api/download?alt_name=resprot_v7i12e185_app2.png&filename=a6b94f6dbc0716a48b1e8355989fa37a.png
https://jmir.org/api/download?alt_name=resprot_v7i12e185_app3.pdf&filename=d3003e93b7d2e44bf3270285b54fbd22.pdf
https://jmir.org/api/download?alt_name=resprot_v7i12e185_app3.pdf&filename=d3003e93b7d2e44bf3270285b54fbd22.pdf
https://jmir.org/api/download?alt_name=resprot_v7i12e185_app4.pdf&filename=c0df53904fcfe52b91d4ed6f881587a0.pdf
https://jmir.org/api/download?alt_name=resprot_v7i12e185_app4.pdf&filename=c0df53904fcfe52b91d4ed6f881587a0.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Middelweerd et a

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

World Health Organization. Global recommendations on physical activity for health. 2010 URL: http://whglibdoc.who.int/
publications/2010/9789241599979 eng.pdf [accessed 2013-07-29] [WebCite Cache ID 6l TBUAK|4]

World Health Organization. Physical Activity Fact sheet No 385. 2016 URL: http://www.who.int/mediacentre/factsheets/
fs385/en/[WebCite Cache ID 6mkJkGKfg]

Volksgezondheidenzorg.info. 2016. Sport en bewegen: Cijfers & Context: Huidige situatie URL : https://www.
volksgezondhei denzorg.info/onderwerp/sport-en-bewegen/cijfers-context/huidige-situatie [ accessed 2016-12-14] [WebCite
Cache |D 6mkKE3hh1]

Bell S, Lee C. Emerging adulthood and patterns of physical activity among young Australian women. Int J Behav Med
2005;12(4):227-235. [doi: 10.1207/s15327558ijbm1204 3] [Medline: 16262541]

Kwan MY, Cairney J, Faulkner GE, Pullenayegum EE. Physical activity and other health-risk behaviors during thetransition
into early adulthood: alongitudinal cohort study. Am JPrev Med 2012 Jan;42(1):14-20. [doi: 10.1016/j.amepre.2011.08.026]
[Medline: 22176841]

Webb TL, Joseph J, Yardley L, Michie S. Using the internet to promote health behavior change: a systematic review and
meta-analysis of the impact of theoretical basis, use of behavior change techniques, and mode of delivery on efficacy. J
Med Internet Res 2010;12(1):e4 [EREE Full text] [doi: 10.2196/jmir.1376] [Medline: 20164043]

Vandelanotte C, Miller AM, Short CE, Hingle M, Nathan N, Williams SL, et a. Past, Present, and Future of eHealth and
mHealth Research to Improve Physical Activity and Dietary Behaviors. JNutr Educ Behav 2016 Mar;48(3):219-228.€l.
[doi: 10.1016/j.jneb.2015.12.006] [Medline: 26965100]

Michie S, Abraham C, Whittington C, McAteer J, Gupta S. Effective techniques in healthy eating and physical activity
interventions: ameta-regression. Health Psychol 2009 Nov;28(6):690-701. [doi: 10.1037/a0016136] [Medline: 19916637]
Plotnikoff RC, Costigan SA, Karunamuni N, Lubans DR. Social cognitive theories used to explain physical activity behavior
in adolescents; a systematic review and meta-analysis. Prev Med 2013 May;56(5):245-253. [doi:
10.1016/j.ypmed.2013.01.013] [Medline: 23370047]

Young MD, Plotnikoff RC, Collins CE, Callister R, Morgan PJ. Social cognitive theory and physical activity: a systematic
review and meta-analysis. Obes Rev 2014 Dec;15(12):983-995. [doi: 10.1111/0br.12225] [Medline: 25428600]
Giles-Corti B, Donovan RJ. The relative influence of individual, social and physical environment determinants of physical
activity. Soc Sci Med 2002 Jun;54(12):1793-1812. [Medline: 12113436]

Anderson ES, Wojcik JR, Winett RA, Williams DM. Social-cognitive determinants of physical activity: the influence of
socia support, self-efficacy, outcome expectations, and self-regul ation among participantsin a church-based health promation
study. Health Psychol 2006 Jul;25(4):510-520. [doi: 10.1037/0278-6133.25.4.510] [Medline: 16846326]

Luszczynska A, Schwarzer R. Social Cognitive Theory. In: Conner M, Norman P, editors. Predicting Health Behaviour.
Berkshire: Open University Press; Jul 01, 2005:127-1609.

Schwarzer R, Luszczynska A, Ziegelmann JP, Scholz U, Lippke S. Social-cognitive predictors of physical exercise adherence:
three longitudinal studiesin rehabilitation. Health Psychol 2008 Jan;27(1S):S54-S63. [doi:
10.1037/0278-6133.27.1(Suppl.).S54] [Medline: 18248106]

Sniehotta FF, Scholz U, Schwarzer R. Bridging the intention—behaviour gap: Planning, self-efficacy, and action control in
the adoption and maintenance of physical exercise. Psychology & Health 2005 Apr;20(2):143-160. [doi:
10.1080/08870440512331317670]

Abraham C, Sheeran P. The Health Belief Model. In: Conner M, Norman P, editors. Predicting Health Behaviour. 2nd ed.
Berkshire England: Open University Press; Jul 01, 2005:28-80.

Conner M, Sparks P. Theory of Planned BehaviourHealth Behaviour. In: Conner M, Norman P, editors. Predicting Health
Behaviour. 2nd ed. Berkshire England: Open University Press; Jul 01, 2005:170-222.

Conner M, Norman P. Predicting Health Behaviour: A Social Cognition Approach. In: Conner M, Norman P, editors.
Predicting Health Behavior. 2nd ed. Berkshire: Open University Press; Jul 01, 2005:1-27.

Bauman AE, ReisRS, Sallis JF, Wells JC, Loos RJF, Martin BW, et al. Correlates of physical activity: why are some people
physically active and others not? Lancet 2012 Jul 21;380(9838):258-271. [doi: 10.1016/S0140-6736(12)60735-1] [Medline:
22818938]

Sallis JF, Cervero RB, Ascher W, Henderson KA, Kraft MK, Kerr J. An ecological approach to creating active living
communities. Annu Rev Public Health 2006;27:297-322. [doi: 10.1146/annurev.publhealth.27.021405.102100] [Medline:
16533119]

Sallis JF, Saelens BE, Frank LD, Conway TL, Slymen DJ, Cain KL, et al. Neighborhood built environment and income:
examining multiple health outcomes. Soc Sci Med 2009 Apr;68(7):1285-1293 [FREE Full text] [doi:
10.1016/j.socscimed.2009.01.017] [Medline: 19232809]

Olander EK, Fletcher H, Williams S, Atkinson L, Turner A, French DP. What are the most effective techniquesin changing
obese individuals' physical activity self-efficacy and behaviour: a systematic review and meta-analysis. Int J Behav Nutr
Phys Act 2013;10:29 [FREE Full text] [doi: 10.1186/1479-5868-10-29] [Medline: 23452345]

Krebs P, Prochaska JO, Rossi JS. A meta-analysis of computer-tailored interventions for health behavior change. Prev Med
2010;51(3-4):214-221 [FREE Full text] [doi: 10.1016/].ypmed.2010.06.004] [Medline: 20558196]

https://www.researchprotocols.org/2018/12/e185/ JMIR Res Protoc 2018 | vol. 7 | iss. 12| €185 | p. 11

(page number not for citation purposes)


http://whqlibdoc.who.int/publications/2010/9789241599979_eng.pdf
http://whqlibdoc.who.int/publications/2010/9789241599979_eng.pdf
http://www.webcitation.org/

                                            6ITBUAKj4
http://www.who.int/mediacentre/factsheets/fs385/en/
http://www.who.int/mediacentre/factsheets/fs385/en/
http://www.webcitation.org/

                                            6mkJkGKfg
https://www.volksgezondheidenzorg.info/onderwerp/sport-en-bewegen/cijfers-context/huidige-situatie
https://www.volksgezondheidenzorg.info/onderwerp/sport-en-bewegen/cijfers-context/huidige-situatie
http://www.webcitation.org/

                                            6mkKE3hh1
http://www.webcitation.org/

                                            6mkKE3hh1
http://dx.doi.org/10.1207/s15327558ijbm1204_3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16262541&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2011.08.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22176841&dopt=Abstract
http://www.jmir.org/2010/1/e4/
http://dx.doi.org/10.2196/jmir.1376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20164043&dopt=Abstract
http://dx.doi.org/10.1016/j.jneb.2015.12.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26965100&dopt=Abstract
http://dx.doi.org/10.1037/a0016136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19916637&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2013.01.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23370047&dopt=Abstract
http://dx.doi.org/10.1111/obr.12225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25428600&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12113436&dopt=Abstract
http://dx.doi.org/10.1037/0278-6133.25.4.510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16846326&dopt=Abstract
http://dx.doi.org/10.1037/0278-6133.27.1(Suppl.).S54
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18248106&dopt=Abstract
http://dx.doi.org/10.1080/08870440512331317670
http://dx.doi.org/10.1016/S0140-6736(12)60735-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22818938&dopt=Abstract
http://dx.doi.org/10.1146/annurev.publhealth.27.021405.102100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16533119&dopt=Abstract
http://europepmc.org/abstract/MED/19232809
http://dx.doi.org/10.1016/j.socscimed.2009.01.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19232809&dopt=Abstract
http://www.ijbnpa.org/content/10//29
http://dx.doi.org/10.1186/1479-5868-10-29
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23452345&dopt=Abstract
http://europepmc.org/abstract/MED/20558196
http://dx.doi.org/10.1016/j.ypmed.2010.06.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20558196&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Middelweerd et a

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Broekhuizen K, Kroeze W, van Poppel MNM, Oenema A, Brug J. A systematic review of randomized controlled trials on
the effectiveness of computer-tailored physical activity and dietary behavior promotion programs: an update. Ann Behav
Med 2012 Oct;44(2):259-286 [FREE Full text] [doi: 10.1007/s12160-012-9384-3] [Medline: 22767052]

Brouwer W, Kroeze W, Crutzen R, de Nooijer J, de Vries NK, Brug J, et al. Which intervention characteristics are related
to more exposure to internet-delivered healthy lifestyle promotion interventions? A systematic review. JMed Internet Res
2011;13(1):e2 [FREE Full text] [doi: 10.2196/jmir.1639] [Medline: 21212045]

Rabbi M, Pfammatter A, Zhang M, Spring B, Choudhury T. Automated personalized feedback for physical activity and
dietary behavior change with mobile phones: arandomized controlled trial on adults. IMIR. Mhealth. Uhealth .
pii;10.2196/mhealth.4160 doi 2015;3(2):a.

TelecomNieuwsNet. Onderzoek: Smartphonepenetratie viakt in Nederland af. 2016 Mar 08. URL : https://tel ecomnieuwsnet.
wordpress.com/2016/03/08/onderzoek-smartphonepenetratie-vl akt-in-nederland-af/ [accessed 2016-08-26] [WebCite Cache
ID 6tdhWZpgdf]

Pew Research Center. Chapter One: A Portrait of Smartphone Ownership. Washington, DC, USA: Pew Research Center;
2015 Apr 01. URL: http://www.pewinternet.org/2015/04/01/chapter-one-a-portrait-of -smartphone-ownership/ [accessed
2017-07-26] [WebCite Cache ID 6sEswJaNZ]

Direito A, Dale LP, ShieldsE, Dobson R, Whittaker R, Maddison R. Do physical activity and dietary smartphone applications
incorporate evidence-based behaviour change techniques? BMC Public Health 2014;14:646 [FREE Full text] [doi:
10.1186/1471-2458-14-646] [Medline: 24965805]

Middelweerd A, Mollee JS, van der Wal CN, Brug J, te Velde SJ. Appsto promote physical activity among adults: areview
and content analysis. Int JBehav Nutr Phys Act 2014;11:97 [FREE Full text] [doi: 10.1186/s12966-014-0097-9] [Medline:
25059981]

Conroy DE, Yang C, Maher JP. Behavior change techniques in top-ranked mobile apps for physical activity. Am J Prev
Med 2014 Jun;46(6):649-652. [doi: 10.1016/j.amepre.2014.01.010] [Medline: 24842742]

West JH, Hall PC, Hanson CL, Barnes MD, Giraud-Carrier C, Barrett J. There's an app for that: content analysis of paid
health and fithess apps. JMed I nternet Res 2012;14(3):e72 [FREE Full text] [doi: 10.2196/jmir.1977] [Medline: 22584372]
Cowan LT, Van Wagenen SA, Brown BA, Hedin RJ, Seino-Stephan Y, Hall PC, et al. Apps of steel: are exercise apps
providing consumerswith realistic expectations?: acontent analysis of exercise appsfor presence of behavior change theory.
Health Educ Behav 2013 Apr;40(2):133-139. [doi: 10.1177/1090198112452126] [Medline: 22991048]

Mollee J, Middelweerd A, Kurvers R, Klein M. What technological features are used in smartphone apps that promote
physical activity? A review and content analysis. Pers Ubiquit Comput 2017 Jul 5;21(4):633-643. [doi:
10.1007/s00779-017-1023-3]

Knight E, Stuckey M1, Prapavessis H, Petrella RJ. Public health guidelines for physical activity: isthere an app for that?
A review of android and apple app stores. IMIR Mhealth Uhealth 2015;3(2):e43 [FREE Full text] [doi: 10.2196/mhealth.4003]
[Medline: 25998158]

Modave F, Bian J, Leavitt T, Bromwell J, Harris IC, Vincent H. Low Quality of Free Coaching Apps With Respect to the
American College of Sports Medicine Guidelines: A Review of Current Mobile Apps. IMIR Mhealth Uhealth 2015;3(3):e77
[FREE Full text] [doi: 10.2196/mhealth.4669] [Medline: 26209109]

Statista. Most popular Apple App Store categories in September, by share of available apps. 2016 Sep 01. URL: https:/
/wwwy.stati sta.com/statisti cs/270291/popul ar-categories-in-the-app-store/ [accessed 2016-12-14] [WebCite Cache ID
6mkHBjbum]

Sonders M, Anna L. These fitness app statistics show what's going right (and wrong) for Fitbit. 2016 Sep 06. URL: https:/
[medium.com/@sm_app_intel/these-fitness-app-statisti cs-show-whats-going-right-and-wrong-for-fitbit-da2c4c3bel42
[accessed 2016-12-14] [WebCite Cache ID 6mkJGSIRQ]

Schoeppe S, Alley S, Van Lippevelde W, Bray NA, Williams SL, Duncan MJ, et al. Efficacy of interventions that use apps
toimprovediet, physical activity and sedentary behaviour: asystematic review. Int JBehav Nutr Phys Act 2016 Dec 7;13(1).
[doi: 10.1186/s12966-016-0454-y]

Mollee JS, Klein MCA. The Effectiveness of Upward and Downward Social Comparison of Physical Activity inan Online
Intervention. USA: IEEE; 2016 Presented at: 15th International Conference on Ubiquitous Computing and Communications
and International Symposium on Cyberspace and Security (IUCC-CSS); 14-16 December 2016; Granada, Spain p. 109-115.
[doi: 10.1109/IUCC-CSS.2016.023]

Kreuter MW, Farrell D, Olevitch L, Brennan L. Tailoring health messages: customizing communication with computer
technology. New York: Taylor & Francis Inc; 2000:-284.

Abraham C, Michie S. A taxonomy of behavior change techniques used in interventions. Health Psychol 2008
May;27(3):379-387. [doi: 10.1037/0278-6133.27.3.379] [Medline: 18624603]

Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The behavior change technique taxonomy
(v1) of 93 hierarchically clustered techniques: building an international consensus for the reporting of behavior change
interventions. Ann Behav Med 2013 Aug;46(1):81-95. [doi: 10.1007/s12160-013-9486-6] [Medline: 23512568]

https://www.researchprotocols.org/2018/12/e185/ JMIR Res Protoc 2018 | vol. 7 | iss. 12| €185 | p. 12

(page number not for citation purposes)


http://europepmc.org/abstract/MED/22767052
http://dx.doi.org/10.1007/s12160-012-9384-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22767052&dopt=Abstract
http://www.jmir.org/2011/1/e2/
http://dx.doi.org/10.2196/jmir.1639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21212045&dopt=Abstract
https://telecomnieuwsnet.wordpress.com/2016/03/08/onderzoek-smartphonepenetratie-vlakt-in-nederland-af/
https://telecomnieuwsnet.wordpress.com/2016/03/08/onderzoek-smartphonepenetratie-vlakt-in-nederland-af/
http://www.webcitation.org/

                                            6tdhWZpgf
http://www.webcitation.org/

                                            6tdhWZpgf
http://www.pewinternet.org/2015/04/01/chapter-one-a-portrait-of-smartphone-ownership/
http://www.webcitation.org/

                                            6sEswJaNZ
http://www.biomedcentral.com/1471-2458/14/646
http://dx.doi.org/10.1186/1471-2458-14-646
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24965805&dopt=Abstract
http://www.ijbnpa.org/content/11//97
http://dx.doi.org/10.1186/s12966-014-0097-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25059981&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2014.01.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24842742&dopt=Abstract
http://www.jmir.org/2012/3/e72/
http://dx.doi.org/10.2196/jmir.1977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22584372&dopt=Abstract
http://dx.doi.org/10.1177/1090198112452126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22991048&dopt=Abstract
http://dx.doi.org/10.1007/s00779-017-1023-3
http://mhealth.jmir.org/2015/2/e43/
http://dx.doi.org/10.2196/mhealth.4003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25998158&dopt=Abstract
http://mhealth.jmir.org/2015/3/e77/
http://dx.doi.org/10.2196/mhealth.4669
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26209109&dopt=Abstract
https://www.statista.com/statistics/270291/popular-categories-in-the-app-store/
https://www.statista.com/statistics/270291/popular-categories-in-the-app-store/
http://www.webcitation.org/

                                            6mkHBjbum
http://www.webcitation.org/

                                            6mkHBjbum
https://medium.com/@sm_app_intel/these-fitness-app-statistics-show-whats-going-right-and-wrong-for-fitbit-da2c4c3be142
https://medium.com/@sm_app_intel/these-fitness-app-statistics-show-whats-going-right-and-wrong-for-fitbit-da2c4c3be142
http://www.webcitation.org/

                                            6mkJGslR0
http://dx.doi.org/10.1186/s12966-016-0454-y
http://dx.doi.org/10.1109/IUCC-CSS.2016.023
http://dx.doi.org/10.1037/0278-6133.27.3.379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18624603&dopt=Abstract
http://dx.doi.org/10.1007/s12160-013-9486-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23512568&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Middelweerd et a

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.
60.
61.
62.

63.

65.

66.

Belmon LS, Middelweerd A, te Velde SJ, Brug J. Dutch Young Adults Ratings of Behavior Change Techniques Applied
in Mobile Phone Apps to Promote Physical Activity: A Cross-Sectional Survey. IMIR Mhealth Uhealth 2015 Nov
12;3(4):€103 [FREE Full text] [doi: 10.2196/mhealth.4383] [Medline: 26563744]

Middelweerd A, van der Laan DM, van Stralen MM, Mollee JS, Stuij M, te Velde SJ, et al. What features do Dutch university
students prefer in a smartphone application for promotion of physical activity? A qualitative approach. Int J Behav Nutr
Phys Act 2015 Mar 01;12:31 [FREE Full text] [doi: 10.1186/s12966-015-0189-1] [Medline: 25889577]

DaviesCA, Spence JC, Vandel anotte C, Caperchione CM, Mummery WK. Meta-analysis of internet-delivered interventions
to increase physical activity levels. Int J Behav Nutr Phys Act 2012;9:52 [FREE Full text] [doi: 10.1186/1479-5868-9-52]
[Medline: 22546283]

Greaves CJ, Sheppard KE, Abraham C, Hardeman W, Roden M, EvansPH, et al. Systematic review of reviews of intervention
components associated with increased effectivenessin dietary and physical activity interventions. BMC Public Health
2011;11:119 [FREE Full text] [doi: 10.1186/1471-2458-11-119] [Medline: 21333011]

Tougas ME, Hayden JA, McGrath PJ, Huguet A, Rozario S. A Systematic Review Exploring the Social Cognitive Theory
of Self-Regulation as a Framework for Chronic Health Condition Interventions. PLoS One 2015;10(8):e0134977 [FREE
Full text] [doi: 10.1371/journal.pone.0134977] [Medline: 26252889]

Bandura A. Health promotion by socia cognitive means. Health Educ Behav 2004 Apr;31(2):143-164. [doi:
10.1177/1090198104263660] [Medline: 15090118]

Kok G, Gottlieb N, Peters G, Mullen P, Parcel G, Ruiter R, et a. A taxonomy of behaviour change methods: an Intervention
Mapping approach. Health Psychol Rev 2016 Sep;10(3):297-312 [ FREE Full text] [doi: 10.1080/17437199.2015.1077155]
[Medline: 26262912]

Williams SL, French DP. What are the most effective intervention techniques for changing physical activity self-efficacy
and physical activity behaviour--and are they the same? Health Educ Res 2011 Apr;26(2):308-322 [FREE Full text] [doi:
10.1093/her/cyr005] [Medline; 21321008]

Sniehotta FF. Towards a theory of intentional behaviour change: plans, planning, and self-regulation. Br J Health Psychol
2009 May;14(Pt 2):261-273. [doi: 10.1348/135910708X 389042] [Medline: 19102817]

Abraham C, Michie S. Coding Manual to Identify Behaviour Change Techniquesin Behaviour Change Intervention
Descriptions. 2007 URL : http://interventiondesi gn.co.uk/wp-content/upl oads/2008/09/coding-manual -fo.pdf [accessed
2013-07-29] [WebCite Cache ID 61 TFkuV gk]

Bartholomew LK, Parcel GS, Kok G, Goettlieb NH, Fernandez M E. Planning Health Promotion Programs: An Intervention
Mapping Approach. San Francisco, USA: Jossey-Bass; Jan 2011:1-800.

Bartholomew LK, Parcel GS, Kok G. Intervention mapping: a process for developing theory- and evidence-based health
education programs. Health Educ Behav 1998 Oct;25(5):545-563. [Medline: 9768376]

Hildebrandt VH, Bernaards CM, Stubbe JH. Trendrapport Bewegen en Gezondheid/. Leiden, the Netherlands: TNO; 2013.
2013 URL: https.//www.volksgezondheidenzorg.info/sites/defaul t/files/

hildebrandt_trendrapport bewegen gezondheid 2010 2011.pdf [accessed 2017-09-21] [WebCite Cache ID 6tdhsANM V]
Fitbit. 2017 Mar 14. How does my tracker count floors? URL: https://help.fitbit.com/articlesen US/Help article/1141
[accessed 2017-09-25] [WebCite Cache ID 6tjlcD7gW]

Middelweerd A, van der Ploeg HP, van Halteren A, Twisk JWR, Brug J, te Velde SJ. A Validation Study of the Fitbit One
in Daily Life Using Different Time Intervals. Med Sci Sports Exerc 2017 Jun 01;49(6):1270-1279. [doi:

10.1249/M SS.0000000000001225] [Medline: 28511193]

Media NXT. 2016 Oct 7. Infographic: social media gebruik per leeftijdscategorie URL : http://www.media-nxt.nl/blog/
infographi c-social-medi a-gebruik-per-leeftijdscategorie/ [accessed 2017-09-14] [WebCite Cache ID 6tTQ6Impj]

Klein MCA, Manzoor A, Mollee JS. Active2Gether: A Personalized m-Health I ntervention to Encourage Physical Activity.
Sensors (Basel) 2017 Jun 19;17(6) [FREE Full text] [doi: 10.3390/s17061436] [Medline: 28629178]

Bandura A. Human agency in social cognitive theory. Am Psychol 1989 Sep;44(9):1175-1184. [Medline: 2782727)
Grant A. International Coaching Psychology Review. 2012 Sep 02. An integrated model of goal-focused coaching: An
evidence-based framework for teaching and practice URL : http://www.psychol ogy.org.au/Assets/Files/| CPR%207_2%20web.
pdf [accessed 2017-09-21] [WebCite Cache ID 6tdkUulal]

Rhodes RE, de Bruijn GJ. What predicts intention-behavior discordance? A review of the action control framework. Exerc
Sport Sci Rev 2013 Oct;41(4):201-207. [doi: 10.1097/JES.0b013e3182ade6ed] [Medline: 23873134]

Lechner L, Bolman C, Van Dijke M. Factorsrelated to misperception of physical activity in The Netherlandsand implications
for health promotion programmes. Health Promot Int 2006 Jun;21(2):104-112 [FREE Full text] [doi: 10.1093/heapro/dal011]
[Medline: 16641132]

Gagne M, Deci EL . Self-determination theory and work motivation. Journal of Organizational Behavior 2005;26(4):331-362
[FREE Full text] [doi: 10.1002/job.322] [Medline: 18048789]

van't Riet RJ, Ruiter RAC, Werrij MQ, de Vries H. Investigating message-framing effects in the context of atailored
intervention promoting physical activity. Health Educ Res 2010 Apr;25(2):343-354 [FREE Full text] [doi:
10.1093/her/cyp061] [Medline: 19841041]

https://www.researchprotocols.org/2018/12/e185/ JMIR Res Protoc 2018 | vol. 7 | iss. 12| €185 | p. 13

(page number not for citation purposes)


http://mhealth.jmir.org/2015/4/e103/
http://dx.doi.org/10.2196/mhealth.4383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26563744&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-015-0189-1
http://dx.doi.org/10.1186/s12966-015-0189-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25889577&dopt=Abstract
http://www.ijbnpa.org/content/9//52
http://dx.doi.org/10.1186/1479-5868-9-52
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22546283&dopt=Abstract
http://www.biomedcentral.com/1471-2458/11/119
http://dx.doi.org/10.1186/1471-2458-11-119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21333011&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0134977
http://dx.plos.org/10.1371/journal.pone.0134977
http://dx.doi.org/10.1371/journal.pone.0134977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26252889&dopt=Abstract
http://dx.doi.org/10.1177/1090198104263660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15090118&dopt=Abstract
http://europepmc.org/abstract/MED/26262912
http://dx.doi.org/10.1080/17437199.2015.1077155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26262912&dopt=Abstract
http://her.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=21321008
http://dx.doi.org/10.1093/her/cyr005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21321008&dopt=Abstract
http://dx.doi.org/10.1348/135910708X389042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19102817&dopt=Abstract
http://interventiondesign.co.uk/wp-content/uploads/2008/09/coding-manual-fo.pdf
http://www.webcitation.org/

                                            6ITFkuVgk
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9768376&dopt=Abstract
https://www.volksgezondheidenzorg.info/sites/default/files/hildebrandt_trendrapport_bewegen_gezondheid_2010_2011.pdf
https://www.volksgezondheidenzorg.info/sites/default/files/hildebrandt_trendrapport_bewegen_gezondheid_2010_2011.pdf
http://www.webcitation.org/

                                            6tdhs4NMV
https://help.fitbit.com/articles/en_US/Help_article/1141
http://www.webcitation.org/

                                            6tjlcD7gW
http://dx.doi.org/10.1249/MSS.0000000000001225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28511193&dopt=Abstract
http://www.media-nxt.nl/blog/infographic-social-media-gebruik-per-leeftijdscategorie/
http://www.media-nxt.nl/blog/infographic-social-media-gebruik-per-leeftijdscategorie/
http://www.webcitation.org/

                                            6tTQ6lmpj
http://www.mdpi.com/resolver?pii=s17061436
http://dx.doi.org/10.3390/s17061436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28629178&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2782727&dopt=Abstract
http://www.psychology.org.au/Assets/Files/ICPR%207_2%20web.pdf
http://www.psychology.org.au/Assets/Files/ICPR%207_2%20web.pdf
http://www.webcitation.org/

                                            6tdkUu1a0
http://dx.doi.org/10.1097/JES.0b013e3182a4e6ed
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23873134&dopt=Abstract
http://heapro.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=16641132
http://dx.doi.org/10.1093/heapro/dal011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16641132&dopt=Abstract
https://onlinelibrary.wiley.com/doi/pdf/10.1002/job.322
http://dx.doi.org/10.1002/job.322
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18048789&dopt=Abstract
http://her.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=19841041
http://dx.doi.org/10.1093/her/cyp061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19841041&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Middelweerd et a

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Van Sluijs EMF, Van Poppel MNM, Twisk IWWR, Brug J, Van Mechelen W. The positive effect on determinants of physical
activity of atailored, general practice-based physical activity intervention. Health Educ Res 2005 Jun;20(3):345-356 [FREE
Full text] [doi: 10.1093/her/cyg129] [Medline: 15479705]

The Neighborhood Quality of Life Study. The Neighborhood Quality of Life Study (NQLS) Survey. 2001. URL : http:/
[salis.ucsd.edu/Documents/Measures documents/NQL S S1.pdf [accessed 2017-05-07] [WebCite Cache D 6gHWbx3IM]
Sallis JF, Pinski RB, Grossman RM, Patterson TL, Nader PR. The development of self-efficacy scales for healthrelated
diet and exercise behaviors. Vol 3: Health Education Research; 1988:283-292.

Kirwan M, Duncan MJ, Vandelanotte C, Mummery WK. Using smartphone technology to monitor physical activity in the
10,000 Steps program: a matched case-control trial. JMed Internet Res 2012;14(2):e55 [FREE Full text] [doi:
10.2196/jmir.1950] [Medline: 22522112]

Pairier J, Bennett WL, Jerome GJ, Shah NG, Lazo M, Yeh H, et a. Effectiveness of an Activity Tracker- and Internet-Based
Adaptive Walking Program for Adults: A Randomized Controlled Trial. JMed Internet Res 2016;18(2):e34 [FREE Full
text] [doi: 10.2196/jmir.5295] [Medline: 26860434]

Stuckey M, Russell-Minda E, Read E, Munoz C, Shoemaker K, Kleinstiver P, et al. Diabetes and Technology for Increased
Activity (DaTA) study: results of a remote monitoring intervention for prevention of metabolic syndrome. J Diabetes Sci
Technol 2011 Jul 01;5(4):928-935 [FREE Full text] [doi: 10.1177/193229681100500416] [Medline: 21880236]

Kernot J, Olds T, Lewis LK, Maher C. Effectiveness of afacebook-delivered physical activity intervention for post-partum
women: arandomized controlled trial protocol. BMC Public Health 2013 May 29;13:518 [FREE Full text] [doi:
10.1186/1471-2458-13-518] [Medline: 23714411]

Glynn LG, Hayes PS, Casey M, Glynn F, Alvarez-lglesias A, Newell J, et al. Effectiveness of a smartphone application to
promote physical activity in primary care: the SMART MOV E randomised controlled trial. Br J Gen Pract 2014
Jul;64(624):€384-€391. [doi: 10.3399/bjgp14X680461] [Medline: 24982490]

King AC, Hekler EB, Grieco LA, Winter SJ, Sheats JL, Buman MP, et a. Harnessing different motivational framesvia
mobile phonesto promote daily physical activity and reduce sedentary behavior in aging adults. PLoS One 2013;8(4):€62613
[EREE Full text] [doi: 10.1371/journal.pone.0062613] [Medline: 23638127]

King AC, Hekler EB, Grieco LA, Winter SJ, Sheats JL, Buman MP, et a. Effects of Three Motivationally Targeted Mobile
Device Applicationson Initial Physical Activity and Sedentary Behavior Changein Midlife and Older Adults: A Randomized
Trial. PLoS One 2016;11(6):e0156370 [ FREE Full text] [doi: 10.1371/journal.pone.0156370] [Medline: 27352250]
Fukuoka Y, Vittinghoff E, Jong SS, Haskell W. Innovation to motivation--pilot study of a mobile phone intervention to
increase physical activity among sedentary women. Prev Med 2010;51(3-4):287-289 [FREE Full text] [doi:
10.1016/j.ypmed.2010.06.006] [Medline: 20600263]

KlasnjaP, Hekler EB, Shiffman S, Boruvka A, Almirall D, Tewari A, et a. Microrandomized trials: An experimental design
for devel oping just-in-time adaptive interventions. Health Psychol ogy 2015;34(Suppl):1220-1228. [doi: 10.1037/hea0000305]
Shiffman S, Stone AA, Hufford MR. Ecological momentary assessment. Annu Rev Clin Psychol 2008;4:1-32. [Medline:
18509902]

Abbreviations

API: application programming interface

BCT: behavior change technique

ICT: Information and communications technology
MVPA: moderate-vigorous physical activity

PA: physica activity

SCT: social cognitive theory

Edited by G Eysenbach; submitted 15.12.16; peer-reviewed by R Dobson, F Mair, M Stuckey, A Direito; commentsto author 12.02.17;
revised version received 07.05.17; accepted 02.07.18; published 21.12.18

Please cite as:

Middelweerd A, te Velde SJ, Mollee JS, Klein MCA, Brug J

App-Based | ntervention Combining Evidence-Based Behavior Change Techniques With a Model-Based Reasoning Systemto Promote
Physical Activity Among Young Adults (Active2Gether): Descriptive Study of the Development and Content

JMIR Res Protoc 2018;7(12):€185

URL.: https://www.researchprotocols.org/2018/12/e185/

doi: 10.2196/resprot.7169

PMID: 30578198

https://www.researchprotocols.org/2018/12/e185/ JMIR Res Protoc 2018 | vol. 7 | iss. 12| €185 | p. 14

RenderX

(page number not for citation purposes)


http://her.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=15479705
http://her.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=15479705
http://dx.doi.org/10.1093/her/cyg129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15479705&dopt=Abstract
http://sallis.ucsd.edu/Documents/Measures_documents/NQLS_S1.pdf
http://sallis.ucsd.edu/Documents/Measures_documents/NQLS_S1.pdf
http://www.webcitation.org/

                                            6qHWbx3JM
http://www.jmir.org/2012/2/e55/
http://dx.doi.org/10.2196/jmir.1950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22522112&dopt=Abstract
http://www.jmir.org/2016/2/e34/
http://www.jmir.org/2016/2/e34/
http://dx.doi.org/10.2196/jmir.5295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26860434&dopt=Abstract
http://europepmc.org/abstract/MED/21880236
http://dx.doi.org/10.1177/193229681100500416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21880236&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-13-518
http://dx.doi.org/10.1186/1471-2458-13-518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23714411&dopt=Abstract
http://dx.doi.org/10.3399/bjgp14X680461
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24982490&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0062613
http://dx.doi.org/10.1371/journal.pone.0062613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23638127&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0156370
http://dx.doi.org/10.1371/journal.pone.0156370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27352250&dopt=Abstract
http://europepmc.org/abstract/MED/20600263
http://dx.doi.org/10.1016/j.ypmed.2010.06.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20600263&dopt=Abstract
http://dx.doi.org/10.1037/hea0000305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18509902&dopt=Abstract
https://www.researchprotocols.org/2018/12/e185/
http://dx.doi.org/10.2196/resprot.7169
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30578198&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Middelweerd et a

©Anouk Middelweerd, SaskiaJte Velde, JuliaSMollee, Michel CA Klein, Johannes Brug. Originally publishedin IMIR Research
Protocols (http://www.researchprotocols.org), 21.12.2018. Thisis an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in IMIR Research Protocols, is properly cited. The

compl ete bibliographic information, alink to the original publication on http://www.researchprotocols.org, aswell asthis copyright
and license information must be included.

https://www.researchprotocols.org/2018/12/e185/ JMIR Res Protoc 2018 | vol. 7 | iss. 12| €185 | p. 15

(page number not for citation purposes)


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

