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Abstract

Background: Adults of low socioeconomic position (SEP) are generaly less physically active than those who are more
socioeconomically advantaged, which increases their cardiovascular disease incidence risk. Moreover, individuals of low SEP
are often less easily reached with physical activity (PA) interventions than individuals of higher SEP. Smartphone apps have been
presented as a promising platform for delivering PA interventions to difficult-to-reach individuals of low SEP. Although PA apps
are widely available, they are rarely based on health behavior theories and most predominantly offer generic PA advice.
Consequently, it isunlikely that available apps are the most effective PA intervention tools.

Objective: To respond to these areas for improvement, we devel oped SNapp, an app-based intervention encouraging adults of
low SEP to increase PA by providing tailored coaching messages targeting walking behavior. This study aimed to describe
SNapp’s stepwise development and pilot evaluation process.

M ethods: We applied a stepwise approach: analyzing the health problem, devel oping a program framework, developing tailoring
assessments, writing tailored messages, automating the tailoring process, and implementing and evaluating the program in a
qualitative pilot study (11 participants).

Results: SNapp consisted of several elements. First, an app was developed to collect step count and geolocation data using
smartphone sensor functionalities. In addition, a survey measure was created to assess users behavior change technique (BCT)
preferences. These 3 data types were used to tailor SNapp’'s coaching messages to stimulate walking. This allows SNapp to offer
feedback on performance levels, contextually tail ored prompts when users are near green spaces, and coaching content that aligns
with individual BCT preferences. Finally, a server-based Python program that interacts with databases containing user data and
tailored messages was built using Microsoft Azureto select and automatically send messagesto usersthrough Telegram messenger.
PFilot study findings indicated that SNapp was rated positively, with participants reporting that its design, technical functioning,
and message content were acceptable. Participants suggested additional functionalities that are worth considering for future
updates.

Conclusions: SNapp is an app-based intervention that aims to promote walking in adults of low SEP by offering tailored
coaching messages. Its development is theory based, and it is among the first to incorporate contextualized feedback and content
tailored to individua BCT preferences. The effectiveness of SNapp will be evaluated in a 12-month real-life parallel
cluster-randomized controlled trial.
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Introduction

Background

Cardiovascular disease (CVD) causes over 17 million deaths
annually, making it the leading cause of death worldwide [1].
CVD is particularly prevalent among individuals of lower
socioeconomic position (SEP), with research indicating that
lower SEP groups have higher CVD mortality than more
socioeconomically advantaged groups[2,3]. Physical inactivity
is an essential modifiable CVD risk factor [4]. However, more
than one-fourth (27.5%) of the adult population isinsufficiently
active for improving overall health and mitigating the risk of
adverse health outcomes [5], including CVD incidence and
mortality [6,7]. Furthermore, there is evidence that SEP is an
important correlate of physical activity (PA) [8], indicating that
adults of low SEP areless physically active than those of higher
SEP [9,10]. Therefore, there is an urgent need for effective
interventions encouraging individuals of lower SEP to become
and remain physically active to reduce CVD risk.

Individuals of low SEP are often less easily reached with PA
interventions than individuals of higher SEP [11,12]. With
access to and sophistication of digital technologies such as
mobile health apps increasing worldwide, smartphones have
been presented as a promising platform to deliver PA
interventions in a relatively cost-effective way to otherwise
difficult-to-reach individuals of low SEP on a large scae
[13,14]. Smartphones can unobtrusively collect information via
built-in sensors, such as step count or distance moved, which
apps can useto provideindividually tailored support to improve
PA levels. Given their increasing availability and popularity
[15,16], PA apps have great potential to reach alarge proportion
of the population and create new opportunities for PA
promotion.

Although PA apps are aready widely available and seem
promising for improving PA behavior [17], studiesindicate that
they are rarely based on health behavior theories [18,19], and
most apps do not incorporate evidence-based behavior change
techniques (BCTs; eg, goa setting, action planning, or
self-monitoring) [20,21] or adhere to PA guidelines [22,23].
Health interventions are most effective in the long term when
developed using a theoretical basis and if multiple BCTs are
included [24,25]. In addition, systematic reviews have
established that the effectiveness of PA interventions is
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enhanced when using individually tailored approaches [24,26]
and providing context-specific feedback to improve PA
performance levels [27,28]. However, most available apps
predominantly offer generic PA advice, and contextualized
feedback israrely implemented [29]. Consequently, it isunlikely
that these apps are the most effective intervention tools for
promoting PA.

Objectives

We developed an app-based PA intervention called SNapp to
respond to these areas for improvement. SNapp is embedded
inthelarger Supreme Nudge project, aiming toimprovelifestyle
behaviors and cardiometabolic health in adults of low SEP by
combining nudging and pricing strategies in a supermarket
intervention with tailored PA coaching through a mobile app.
A description of the relevance and design of the project has
been published elsewhere[30,31]. With SNapp, we specifically
aim to motivate adults of low SEP to increase activity levels by
offering tailored support targeting walking behavior. Daily step
count is a feasible measure for monitoring and motivating
walking behavior that has been related to mortality benefits
[32]. Within SNapp, smartphone sensor functionalities are
combined with theory-based BCTs [33] to provide tailored
coaching messages to stimulate walking. The content of these
messagesisindividualy tailored using step count, geolocation,
and BCT preferences data.

In this paper, we describe SNapp’'s stepwise development
process, guided by the program planning model of Kreuter et
al [34]. We aim to alow others to learn from our experiences
and accelerate the development of similar app-based
interventions, thereby aiding in mobile health intervention
research advancement.

Methods

Development Process

The development of SNiapp was guided by the program planning
model of Kreuter et a [34]. Some steps from the original model
were merged to fit our needs, resulting in a 6-step development
process (Table 1). The development methods for each step are
described in the following paragraphs of the Methods section.
The results of each of the 6 steps are described in the Results
section.
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Table 1. The stepwise development process of SNapp (adapted from the program planning model of Kreuter et a [34]).

Steps Step description
1. Analyzing the health problem « ldentifying the determinants of walking behavior change
«  Selecting behavior change techniques to address these determinants
2. Developing a program framework «  Defining SNapp’s objectives
o  Describing SNapp’s framework components
3. Developing tailoring assessments «  Developing tailoring assessment questions to measure behavior change technique preferences
«  Designing and developing an app for Android and iOS to collect step count and geolocation
data
4. Writing tailored messages® o  Creating atailored message database
»  Testing messages for readability to fit the literacy levels of the target population
5. Automating the tailoring process +  Storing user data

«  Developing tailoring algorithms that automatically link user data with tailored messages
o  Creating acommunication channel to deliver tailored messages

6. Implementing and evaluating the program® ~ *

Pilot testing to detect bugs and assess the usability of SNapp

This step combines steps 4 (“ designing feedback”) and 5 (“writing tailored messages”) of Kreuter et al [34].
bThis step combines steps 6 (“creating tailoring algorithms”) and 7 (“ automating the tailoring process’) of Kreuter et al [34].
“This step combines steps 8 (“implementing the program”) and 9 (“evaluating the program”) of Kreuter et al [34].

Step 1: Analyzing the Health Problem

| dentifying Determinants of Behavior Change

The health problem that SNapp aims to address is physical
inactivity, thereby reducing CVD risk. The target population
was adults of low SEP aged 45 to 75 years. Low SEP was
defined ashaving apractical vocational or lower education level
and living in a low SEP neighborhood. SNapp focuses on 1
specific behavior to enhance PA in this population: walking.
Improving daily activity levels through light to moderate
intensity PA, such as walking, is favorably associated with
health benefits, including cardiometabolic risk factors [35,36].

We reviewed applicable health behavior theories and previous
research to identify the main determinantsinfluencing the target
group’s walking behavior [37]. A previously implemented
app-based PA intervention that used a similar theoretical
foundation isthe Active2Gether intervention. The Active2Gether
app was developed to increase sports participation, stair
climbing, and active transport (for adetailed description of this
intervention, refer to the studies by Klein et a [38] and
Middelweerd et al [39]). Elements of this app, including its
underlying theoretical framework and behavioral determinants,
were taken as a basis to inspire SNapp’'s development and
adapted to fit our distinct PA behavior.

Selecting BCTs

Although determinants may help identify the mechanisms for
behavior change, there is till the need to select appropriate
strategies to change them. To operationalize the selected
determinants, we consulted previous research and the literature
on BCTs [40]. The evidence-based BCTs used in the
Active2Gether intervention [39] were also relevant for SNapp.
These techniques were selected from the BCT taxonomy for
PA behavior change by Michieet al [40], based on the combined
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results from a content analysis of BCTs used in existing PA
apps [19], focus group discussions [41], and a cross-sectional
survey concerning adults’ tailoring preferences and ratings of
the importance of specific BCTsin PA apps[42].

Step 2: Developing a Program Framework

Defining Objectives

The second step wasto create a program framework that served
as a blueprint for SNapp. To achieve this, the objectives of
SNapp were first defined. These objectives were informed by
the World Health Organization’s PA guidelines for adults
translated in terms of steps per day [43].

Describing Framework Components

Tallored hedlth interventions consist of data collection and
feedback delivery modules. In this development stage, we
identified the most appropriate format, type, frequency, and
timing of feedback delivery. In addition, we determined the
data collection methods that should be used within the SNapp
framework to facilitate the delivery of tailored feedback. An
overview of the components that we strived to include within
the SNapp framework is provided in Figure 1. The components
are described in detail in the Results section. In short, it was
first determined that an app would be devel oped to collect step
count and geolocation data using smartphone sensor
functionalities. In addition, a survey measure would be created
to assess users' BCT preferences. These 3 data types would be
used to tailor coaching messages to stimulate walking. This
would allow SNapp to offer highly tailored feedback on
performance levels, prompts when users are near green spaces,
and coaching content that aligns with individua BCT
preferences. Finaly, using Microsoft Azure, a server-based
Python program that interacts with databases containing user
data and tailored messages would be developed to select and
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messenger.

Figure 1. Components of the SNapp framework. BCT: behavior change technique.
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Step 3: Developing Tailoring Assessments

Developing Tailoring Assessment Questions

First, this step entailed creating a measure to assess BCT
preferences using a web-based baseline questionnaire (Figure
1). Our objective was to develop a measure that would be easy
to understand and brief to complete. This measure was
formulated based on the BCT taxonomy by Michie et a [33].
Designing and Developing an App

Next, we formulated the requirements for devel oping our app
(Figure 1). First, we aimed to build a robust, high-quality
smartphone app that would perform optimally. It should track
step count and geolocation continuously without user input or
additional hardware use. Interms of functionalitiesfor the user,
we wanted it to display only the number of steps taken on the
current day to ensure that no other app functionalities would
influence walking behavior. We wanted the app to run on both
Android and iOS devices and on high- and low-end smartphones
to ensure usability for as many users as possible. We required
the app’s devel opment to be privacy aware, meaning that users
would not need to provide personal information such as their
telephone number or email address to use the app.

In addition, we determined that the app should not store or reveal
thelocation of the user. Instead, we wanted the app to recognize
whenever the device would be near a location included in a
database of preselected green spaces, avoiding the need to
repeatedly send the exact coordinates of the user’s location to
the server. Regarding design and aesthetics, we strived to create
a user-friendly app with an appealing interface for a positive
user experience. A team of professional app developers was
hired to ensure the development of a qualitatively strong app.
To maximizethe robustness of SNapp, we aimed to useexisting
smartphone services as much as possible. Therefore, we decided
to use an existing messaging app to deliver tailored coaching

messages.

https://formative.jmir.org/2023/1/e40851

Step 4: Writing Tailored M essages

Creating a Tailored Message Database

The next step was to create a tailored message library. We
reused parts of the previoudy conducted Active2Gether
intervention's message library [44]. As not all messages could
be reused, as this intervention targeted other forms of PA, new
messages in a similar style were added to supplement the
message database. The ailm wasto write messages that addressed
the user by name; had a friendly, positive, and encouraging
tone; followed the format of mobile text messages; and
contained approximately 20 to 30 words.

Testing Messages for Readability

To assess whether the reading level of the messages was
appropriate for the target population, we used a Dutch
web-based readability tool [45] that uses the reference levels
of the Common European Framework of Reference for
Languages to rate the complexity of written texts [46].

Step 5: Automating the Tailoring Process

User Data Storage

Next, we started automating the tailoring process. This first
involved setting up a database using Microsoft Azure to store
user data regarding BCT preferences, step count, and
geolocation (Figure 1).

Developing Tailoring Algorithms

Subsequently, we developed tailoring algorithms to
automatically link user data with the tailored messages that
users should receive. Within the SNapp framework, coaching
messages are stored in a separate database with tailored
messages. To select appropriate messages to send to users, we
created a server-based Python program using Microsoft Azure
that interacts with the databases contai ning user dataand tailored
messages (Figure 1). The program uses logical rules that are
evaluated at specific times during the day to determine which
message should be sent. In addition, restrictions on the
circumstances under which messages are rel evant are considered
(eg, day of the week and time of the day).
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Creating a Communication Channel

Subsequently, we selected an existing messaging service to
deliver tailored coaching messages. We decided to use the
Telegram messenger app to safeguard the robustness of SNapp.
Telegram has several advantages. The messaging app provides
data security for users, is fast and easy to use, and can be
installed free of charge on both Android and iOS devices.
Furthermore, it has an application programming interface service
that devel opers can access for various needs. We subsequently
created a SNapp Telegram account following the BotFather
setup [47]. We received an application programming interface
token that allowed our server-based Python program to
communicate with the SNapp Telegram account to send tailored
messages to users (Figure 1).

Step 6: Implementing and Evaluating the Program

An exploratory pilot study was conducted among 11 users (9
female users, aged 54-69 years, and 7 Android users) to gain
insight into the technical functioning and user evaluation of
SNapp. Participants were recruited through community centers
in Amsterdam, the personal network of the authors, and
Facebook groups. Inclusion criteriaincluded being ambulatory
and aged >45 years, speaking the Dutch language; having
experience with receiving mobile text messages; and using a
smartphone with a mobile data plan and Android 8, iOS 13, or
more recent software versionsinstalled.

Participants used SNapp for 2 weeks and were interviewed at
the end of each week during which they were asked severa
open questions by means of atopic list to gauge their opinion
on the different components of the SNapp coaching system.
Participants were encouraged to provide honest feedback about
the app in terms of its usability and their overall experience.
The interviews were conducted through Zoom
videoconferencing (Zoom Video Communications) and lasted
for approximately 30 minutes. Two researchers conducted the
interviews, with one leading the interview and the other taking
notes. The interviews were recorded and transcribed, and the
notes were discussed and summarized. The transcripts and
summaries were analyzed using grounded theory [48], based
on a coding framework developed from the topic list of
interview questions. Subsequently, all codes from the separate
interviews were compared and organized to reveal the thematic
categories.

EthicsApproval, Informed Consent, and Participation

The Faculty Ethics Review Board of the University of
Amsterdam approved all procedures (#2019-PC-11457).
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Participants provided written informed consent before
participation. They were informed that their anonymity would
be guaranteed and that their datawould not be provided to third
parties under any circumstances. In addition, they wereinformed
that they could refuse to participate in the study or terminate
their participation prematurely without providing areason. They
could also withdraw their consent for the use of their data for
research purposeswithin 7 days of participation. The participants
received afinancial reward of €20 (US $24.51) after completing
the pilot study.

Results

Step 1: Analyzing the Health Problem

| dentifying Determinants of Behavior Change

Social cognitive theory (SCT) [49] was considered the most
appropriate theoretical framework for the development of
SNapp. SCT’s constructs are considered reliable correlates of
PA [50,51], with a comprehensive meta-analytic review
demonstrating that SCT accountsfor approximately 31% of the
variance in PA [37], which allows the theory to be considered
auseful framework for PA intervention design according to the
recommendations of Baranowski et a [52]. Moreover, the
proportion of PA variance explained by SCT has been shown
toincrease for older samples [37], underscoring the usefulness
of SCT for developing PA interventions for adults. Finally,
there is evidence that SCT concepts improve the efficacy of
tailored health interventions [53].

The4 resulting SCT constructs sel ected asthe main determinants
to be addressed by SNapp are sef-efficacy, outcome
expectations, sociostructural factors, and goas (Table 2).
Self-efficacy is defined as an individua’s beliefs concerning
their ability to perform adesired behavior, such as engaging in
PA. Outcome expectationsare defined asan individual’sbeliefs
regarding the possible positive and negative consequences of
performing the behavior. In addition to these 2 cognitions, the
third core construct of SCT comprises sociostructural factors.
These concern an individual’s perceptions of the barriers and
opportunities that are present in their environment or life
circumstances and that facilitate or hinder the desired behavior.
Finally, SCT includes goals as a core determinant of behavior.
SCT posits that before performing a desired behavior,
individuals first need to set goals in terms of intentions to act
to guide performance of the desired behavior [54].
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Table 2. Correspondence between determinants, behavior change techniques, and their applications in SNapp.

Determinant and behavior
change technique

Application in SNapp

Example

Self-efficacy
Action planning Messages prompting usersto plan their walks (eg, when,
where, and with whom they will go for awalk in the up-
coming week)
Reward Messages praising users for attempting to engage in reg-

ular walking and encouraging them

Feedback on performance
commenting on user performance

Social comparison
reaching their walking goals

Outcome expectations

Provideinformation onthe
consequences of behavior
ance, or mood)

Sociostructural factors

Provide instruction
space where they can walk

Barrier identification

Social support Messages prompting usersto tell othersin their social
circle about their walking goals and plan for support
Social approval Messagesinforming usersthat othersin their social circle
and other SNapp users approve of them attempting to
engage in regular walking
Goals
Goal setting M essages encouraging usersto set adaily step count goal

for the upcoming week

Self-monitoring

Prompt review of outcome

Messages providing data about step count levels and

Messages stating to what extent other SNapp users are

Messages providing information on the positive conse-
quences of regular walking (eg, related to health, appear-

Messagesinforming usersthey are currently near agreen

Messages identifying potential barriersto engaging in
regular walking and ways of overcoming them

M essages prompting users to check the step counter app
to keep track of their daily step count levels

M essages prompting users to review to what extent they

“Good preparation is half the battle won! Plan and write
down when and where you will go for awalk in the
coming days.”

“Hey <name>, keep up the good work! Try to keep
walking every day. You can doit”

“So far you have taken <number> steps today, <name>.
WEell done! You can be proud of yourself.”

“Hi <name>, here’salittlefact: last week, 73% of SNapp
users took enough steps every day!”

“Did you know that walking can help relieve stress?
Walking makesyour brain rel ease chemicalsthat stimulate
relaxation and improve your mood.”

“Do you want to get some extra steps in today? You are
close to a <green space type>where you can enjoy anice
walk.”

“No time to go for awalk? Get your steps in throughout
the day by taking the stairs, getting off the bus a stop
earlier, or parking further away.”

“Hey <name>, haveyou told your friends or family about
your walking goals? That way, they can support or join
you for awalk!”

“Good morning <name>. If you manage to keep walking
regularly, your friends and family will surely be proud of
you.”

“What's your new goal, <name>? Set yourself an
achievable walking goal for this week.”

“Curious to know how many steps you've already taken
today? Try to keep track by checking the step counter
every day.”

“Did you achieve this week’s walking goal, <name>? |f

goals achieved their walking goals so, good job! If not, try to think of anew goal for next
week.”
Selecting BCTs Describing Framework Components

Onthebasisof the study by Michieet a [40,55], suitable BCTs
were subsequently selected and linked with the determinantsto
be addressed by SNapp. Examples of how the selected BCTs
were applied in SNapp are provided in Table 2.

Step 2: Developing a Program Framework

Defining Objectives

It was determined that SNapp’s objectives wereto (1) increase
the number of stepsuserstake per day to meet the recommended
guidelines, equating to taking aminimum of 7000 to 8000 steps
per day [43], and (2) promote the maintenance of regular
walking when users meet these guidelines.

https://formative.jmir.org/2023/1/e40851

Format of Feedback Delivery

Text messaging was considered a suitable format for feedback
delivery. Text messages can deliver individually tailored PA
support instantaneously and cost-effectively [56]. In addition,
texting services are widespread in the Netherlands, with
approximately 82% of adults aged 45 to 75 years exchanging
text messages via messaging apps [57]. Furthermore, evidence
from meta-analyses confirms that text message interventions
produce positive changesin PA [56,58,59]. Hence, we decided
that SNapp’stailored feedback would be delivered through text
messages.

Type of Feedback Delivery

Concerning the type of feedback that SNapp should provide,
we strived to use three parameters to tail or coaching messages:
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(2) step count, (2) geolocation, and (3) BCT preferences. First,
we decided that SNapp should be able to give feedback on step
count, asthisis consistent with the metrics of its objectives and
istherefore helpful to comment on users progress. In addition,
research on adults preferences for PA apps confirms that
receiving feedback on performance is among the top-ranked
BCTs[42,60].

Second, we determined that SNapp should offer contextually
tailored prompts when users are near green spaces where they
canwalk, such as parksand walking trails. Research by Klasnja
et a [61] has suggested that context-specific walking prompts
can help individuals engage in bouts of walking throughout the
day and are therefore a promising strategy to enhance the
effectiveness of PA interventions. However, contextually
tailored feedback has seldom been incorporated into PA apps,
and more studies are needed to determine its efficacy [62].
Hence, we sought to fill this gap by incorporating contextually
tailored walking prompts in SNapp.

Third, we chose to include users' individual preferences for
specific BCTsasour final tailoring parameter. Previous studies
have examined the general evaluations of BCTs applied in PA
apps by various populations [42,60] or analyzed the
effectiveness of different BCTs in PA interventions [63].
Nevertheless, individua differencesin BCT preferences have
rarely been considered when tailoring app-based interventions.
Users preferences regarding the BCTs applied in PA appswill
likely play arolein how successfully agiven app can stimulate
behavior change. For example, some users may find that
receiving prompts for goal setting or action planning is most
helpful in improving their walking levels. In contrast, others
may be more motivated by obtaining insights into the
consequences of engaging in regular walking and ways of
overcoming common barriers. Therefore, we opted to use BCT
preferences to tailor SNapp’s coaching messages to individual
users.

Frequency and Timing of Feedback Delivery

As SNapp aims to achieve sustained changes in daily walking
behavior, we strived to develop a multiple-contact intervention
in which tailored feedback is delivered daily. Meta-analyses
have demonstrated that tailored interventions with multiple
feedback points are more effective than single-contact
interventions [64,65]. Following the study by Middelweerd et
al [44], we determined that SNapp users should receive at |east
3 daily coaching messages. Users should receive a message
tailored to their BCT preferences each morning and evening.
At midday, a message tailored to the step count should be
delivered. Additional messages tailored to geolocation should
be delivered whenever users are near green spaces where they
can walk, with a maximum of 3 geolocation messages being
sent daily and not more than once every 4 hours.

Data Collection Methods

As a first data collection method, we determined to imbed
guestions measuring users BCT preferences in a web-based

https://formative.jmir.org/2023/1/e40851
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baseline survey that would be completed before installing
SNapp. In addition, we decided to rely on sensors in users
smartphones to continuously measure the step count and
geolocation via an app. Smartphone ownership has increased
to approximately 93% among Dutch adults aged 45 to 75 years
[57]. Therefore, we chose to use smartphone sensors for data
collection instead of external hardware to eliminate the burden
of wearing a separate tracker from the user, as perceived ease
of useisan important determinant of willingnessto use PA apps
[66]. In addition, we did not want to create financial barriersto
using SNapp by requiring the purchase of a separate tracker.

Evidence for the measurement accuracy of step counter appsis
mixed. Some studies have demonstrated that apps can provide
valid step counts [67-69], whereas others have found that they
underestimate step counts, mainly because people do not always
carry their phones on their person throughout the day [70-73].
Nevertheless, meta-analyses have indicated that app-based PA
interventions can significantly increase the daily step count in
adult populations [74-76]. Therefore, considering SNapp's
objective to observe improvements in daily walking behavior
over time, rather than conducting absolute measurements of
step count, we concluded that it would be adequate to use
smartphone sensor functionalities to collect step count and
geolocation data with an app.

Step 3: Developing Tailoring Assessments

Developing Tailoring Assessment Questions

BCT preferenceswere assessed in aweb-based baseline survey
by asking users to indicate their stance toward receiving 10
types of coaching messages containing different BCTs on a
3-point scale (—1=negative, O=neutral, and +1=positive). An
example message was included for each message type (eg,
“Messages that encourage meto plan when and whereto go for
awalk”). Multimedia Appendix 1 provides an overview of the
BCT preferences measure.

Designing and Developing an App

Onthebasis of the set requirements, 2 separate native appswere
developed for Android and iOSto allow the app to run smoothly
on both operating systems. The developed app continuously
quantifies the step count using the smartphone’s built-in
pedometer or accelerometer. It isdesigned to detect stepswhen
users carry their phone on their person, for example, when
placed in on€'s pants or coat pocket. In addition, to register
geolocation, the app uses GPS datato compare the user’s current
location with a database of preselected green spaces suitable
for walking every 2 minutes. The app developer helped design
the user interface, suggesting the layout, fonts, and graphic
illustrations. Figure 2 shows the resulting app. It opens with a
launch screen (Figure 2A). Next, users can log in by entering
their user ID and agreeing with the terms and conditions and
privacy policy (Figure 2B). Subsequently, they can view their
daily step count (Figure 2C). Finally, users can accesstheterms
and conditions and privacy policy or log out by clicking the
settings button (Figure 2D).
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Figure 2. Screenshots: (A) launch screen, (B) log-in screen, (C) step count screen, and (D) settings screen.
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Step 4: Writing Tailored M essages

Creating a Tailored Message Database

A set of messages was written for each of the 3 tailoring
parameters (ie, step count, geolocation, and BCT preferences).
A consistent tone, format, and length were maintained for each
message. The final message database contained 289 messages.
Examples are provided in Table 2.

Testing Messages for Readability

The Common European Framework of Referencefor Language
[46] includes6 reading levels (ie, A1, A2, B1, B2, C1, and C2),
with Al being the easiest and C2 the most difficult reading
level. In the Netherlands, reading level B1 isrecommended as
appropriatefor the general population [77]. Therefore, wetested
whether the reading level of our messages was rated as B1 and
adjusted them if necessary.

Step 5: Automating the Tailoring Process

User Data Storage

Before usersinstall SNapp, BCT preferences collected through
the web-based baseline questionnaire are entered manually into
the user data database (Figure 1). For each user, aBCT israted
with a score of 1 if users had a negative attitude toward it, a
score of 5 if they felt neutral, and a score of 10 if they had a
positive attitude toward it. Users' first names are also entered
manually into the database to allow addressing users by name
in the coaching messages.

Every hour, the user database is updated with the user’'s most
recent step count data tracked by the app. The date, time of the
latest step count update, step count level, and type of sensor
used for tracking (ie, a pedometer or accel erometer) are stored
in the database. To collect geolocation data, green spaces

https://formative.jmir.org/2023/1/e40851
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suitablefor walking were presel ected using Google Maps. Once
aday, the app downloads the most recent version of thislist of
green spaces with their GPS coordinates and type (ie, a park,
forest, or walking trail). Every 2 minutes, the device's current
location iscompared with theinternal database of green spaces.
It is checked whether a user is within a 300-m radius from a
green space by comparing the GPS coordinates of the user’s
location with the coordinates of the preselected green spaces.
A time stamp and the type of green space a user was near are
stored for each observation.

Developing Tailoring Algorithms

SNapp'’s 3 types of coaching messages are sent according to
the following logical rules. First, a message tailored to step
count is sent at a random time between 11:30 AM and 12:30
PM each day. Message selection is based on elimination,
meaning irrel evant messages are filtered out from the compl ete
message database to narrow down the selection. All messages
containing feedback on step count are first selected from the
database. Next, a subset of appropriate messages is selected
depending on the users’ current performance levels (ie, <2000,
2001-6000, or 26001 steps). Finally, from the resulting subset,
1 message is randomly chosen to be sent. Personal values such
asfirst name and the number of stepstaken areinserted into the
message to tailor it to the individual user.

Second, contextually tailored messages are sent whenever users
are near the preselected green spaces. These messages are
delivered not more than once every 4 hours between 8 AM and
8 PM. Depending on the type of green space users encounter
(ie, apark, forest, or walking trail), the subgroup of messages
that refers to this type is selected from the message database,
from which one israndomly chosen to be delivered to the user.
Users first names and the type of green space are inserted into
the message to tailor its content to the individual user.
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Third, to deliver messages tailored to BCT preferences, the
system checks which messages are appropriate to send to the
user every day at arandom time between 8 AM and 9 AM and
between 4 PM and 6 PM. First, all messages containing BCTs
relevant to send given the day and time are collected. A subset
of 4 messages is then selected from this list of relevant
messages. To tailor messagesto individual users, the probability
of selecting a message for this subset is proportiona to the
preference score users have given the BCT included in the
message. For example, a message containing a BCT with a
positive preference score of 10 is 10 times more likely to be
selected than a message containing a BCT with a negative
preference score of 1. Finally, 1 of the 4 messagesis randomly
chosen to be sent to the user to increase the diversity of the
delivered messages.

Voset d

Creating a Communication Channel

To receive taillored messages, users should have Telegram
installed on their smartphone and start a chat with the SNapp
Telegram account. When starting this chat, users are asked to
register with the same user ID they use to log in to our app,
obviating the need to store personal datasuch astheir telephone
number or Telegram username (Figure 3A). Next, the entered
user 1D ischecked for validity against thelist of user |Ds stored
in the user data database. Users who enter an invalid user ID
are asked to register again with the correct ID. After registering,
the SNapp Telegram account sends users tailored coaching
messages via push notifications without requiring user input
(Figure 3B). Technically, it is possible for users to mute the
SNapp Telegram account to no longer receive push notifications.
However, users are not actively informed about this possibility.

Figure 3. Screenshots of the (A) log-in procedure and (B) tailored coaching messages sent by the SNapp Telegram account.
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Step 6: Implementing and Evaluating the Program

The main feedback points that emerged during the pilot study
interviews are described in the following paragraphs. First, the
participants commented positively on the design of the app.
They described it as colorful, cheerful, and nice looking. In
addition, the participants appreciated the simple layout:

| like theillustrations. Cute figures and colors.
Very cheerful, and clear.
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Second, most participants indicated that the app accurately
tracked their daily step count. They predominantly carried their
smartphonesin their pants or coat pocket and reported that the
app’s step counts corresponded with their walking behavior.
Several participants also noticed no significant differences
between the number of steps measured by our app and other
PA apps that they used simultaneously:

I once compared the steps counted by the app and my
fitness tracker for the same route. The app had
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counted some more steps, but it was only a small
difference.

The number of steps is exactly the same as counted
by another app | use.

However, a few participants reported technical issues related
to step counting. For example, they mentioned that sometimes
the app would not update to the correct date and reset the step
count. Another technical problem was that no step count data
were communicated to the database for some participants,
although the app had successfully displayed the step count:

| noticed last week that it got stuck. For a few days,
it got stuck on December 9. It did not follow up to the
next day.

Third, most participants thought the message content was
acceptable. A few participants indicated that SNapp had
stimulated them to go for an extra walk because it had made
them more aware of their walking behavior. Some mentioned
that they thought the coaching messages would be most hel pful
for inactive individuals:

| don’t want to receive disappointing messages, so it
did make me go for an extra walk to prevent that from
happening.

Look, if you are not very active and you need a lot of
encouragement, | think it's nice. The more personal
it gets, the better. If you really get the feeling that
someone is watching and then says. great, you've
done well.

Finaly, participants were interested in including more
functionalities. For example, a few participants indicated that
they did not aways carry their smartphones with them
throughout the day. They were disappointed that the app was
then unable to measure steps and suggested that it would be
helpful if it could be used in combination with wearables.
Additional suggestionsincluded tracking the duration of walks,
walking speed, burned calories, the number of kilometers, and
walking routes. Finally, participants mentioned that it would
be helpful if the app could display their daily step count over
the past week to obtain an overview of their progress.

Sometimes | wear clothes without pockets. And then
| don’t always have my phone with me. | also don't
want to be forced to have my phone with me all the
time. A fitness tracker could then still record
everything.

You can't see what you've been doing the past few
days. That's something | miss. But you also do not
see where you walked. | think | would find that very
interesting. Or kilometers. |'ve walked so much, so
many kilometers.

On the basis of these findings, final refinements were made to
solve the identified technical issues. It was subsequently
concluded that SNapp’s design, technical functioning, and
coaching content were acceptable. Owing to time and budget
congtraints, it was impossible to include the additional
functionalities suggested by the participants. However, these
suggestions are worth considering for future updates or similar
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app-based interventions. After resolving the engineering bugs,
SNapp’s devel opment process was compl eted.

Discussion

Principal Findings

The purpose of this study was to present a detailed description
of SNapp's theoretical background and stepwise devel opment
process using the program planning model by Kreuter et al [34].
SNapp is an app-based intervention that aims to coach adults
of low SEP to increase activity levels by offering tailored
support targeting walking behavior. Within SNapp, smartphone
sensor functionalities are combined with theory-based BCTsto
provide coaching messages that are individually tailored using
step count, geolocation, and BCT preferences data.

Among the strengths of SNapp are its grounding in health
behavior theory and the use of evidence-based strategies
throughout the development process. In addition, SNapp goes
beyond existing PA apps and app-based interventions by
offering individually tailored content in line with users' BCT
preferences. For example, users who favor action planning and
self-monitoring prompts to motivate them are more likely to
receive messages that include these BCTs. In contrast, others
may prefer and thus receive other coaching content, such as
goal setting or barrier identification strategies. We expect this
to improve the personal relevance of SNapp's coaching
messages, resulting in higher motivation to follow up on them.
Another novel component of SNapp is the use of geofencing
techniques to send contextually tailored suggestions for PA
when users are near green spaces where they can walk, which
allows SNapp to target users with coaching messages at the
right time and place.

Certain limitations of this study can be addressed in future work.
First, we are currently extending SNapp by implementing
machinelearning techniquesto make delivered coaching content
more dynamically tailored based on changesin users’ behavior,
thereby increasing its efficacy. For example, integrating artificia
intelligence techniques that allow SNapp to learn which
coaching content is particularly good at triggering walking
behavior for individual users within specific contexts can help
improve the effectiveness of delivered coaching messages
[78,79]. Second, wefeel that futureiterations may benefit from
including more conditional factors (eg, weather, seasonal
conditions, or physical environment attributes) to improve the
context specificity and relevance of suggestions for walking.
Third, ahelpful avenue for future updateswould betheinclusion
of more functionalitieswithin SNapp. For example, integrating
achatbot into the system that can interpret textual input would
allow usersto interact with SNapp, thereby improving the user
experience[80]. In addition, asthe findings from our pilot study
suggest, possibilitiesto synchronize SNapp with wearablesand
track other types of walking data apart from daily step count
are worth considering.

By conducting an exploratory qualitative pilot study that allowed
participants to use SNapp in their personal environments over
the course of 2 weeks, we collected valuable feedback on its
basic technical functioning and confirmed the acceptability of
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its design and content for users. Prior research has also
underlined the benefits of qualitative methods for gaining
beneficial insights into the usability of health apps and
interventions[81,82]. However, the limitations of the pilot study
were its small study sample that did not specifically include
SNapp'’s target population of adults of low SEP and the short
duration of the study. Therefore, this work will be extended in
future research to explore the effectiveness and wider
applicability of SNapp. The final version of SNapp described
in this paper was implemented in a real-life parallel
cluster-randomized controlled trial that is being conducted with
the aim of improving lifestyle behaviorsin populations of low
SEP. Participants of this trial are recruited from socialy
disadvantaged areas (based on bel ow-average postal code SEP
scores [83]) and will use SNapp for aperiod of 6 to 12 months.
The protocol of thistrial has been described in detail elsewhere

Voset d

[31]. Findingsregarding short- and long-term effects, mediating
mechanisms, and moderators of intervention effects are
forthcoming to ensure acritical evaluation of SNapp’s efficacy.

Conclusions

In this paper, we presented the stepwise devel opment process
of SNapp, guided by the program planning model of Kreuter et
al [34]. The resulting app-based intervention aims to promote
walking among adults of low SEP by offering coaching
messages that are individualy tailored using step count,
geolocation, and BCT preferences data. SNapp has a solid
theoretical grounding, is privacy aware, and is supported by
user feedback collected in apilot study. In future work, wewill
evaluate the short- and long-term effects of SNapp based on the
randomized controlled trial resultsin which SNapp is currently
implemented.

Acknowledgments

The authors acknowledge the support from the Netherlands Cardiovascular Research Initiative, an initiative supported by the
Dutch Heart Foundation (CVON2016-04) and ZonMw (531003001). Funders had no rolein the design of the study and collection,
analysis, and interpretation of data in writing the manuscript. The authors would like to thank Ognjan Denkovski and Ege de
Bruin for their contributions to the development and usability testing of SNapp. The authors would also like to thank Maaike
Klomp for assisting with the pilot study. Finally, the authorswould like to acknowledge the digital agency Doing Things Together
for their development work supporting this project.

Data Availability
The data sets generated and analyzed during this study are available from the corresponding author on reasonable request.

Authors Contributions

ALV, MCAK, G-JdB, JL, and EGS conceptualized the development of SNapp. ALV collected, analyzed, and interpreted the data
used in the development of SNapp and drafted the first version of the manuscript. MCAK, EGS, JL, SCB, and G-JdB provided
guidance and consultation and critically revised the manuscript. All authors read and approved the final manuscript.

Conflictsof I nterest
None declared.

Multimedia Appendix 1

Behavior change technique preferences measure.
[DOCX File, 16 KB-Multimedia Appendix 1]

References

1.  Cardiovascular diseases (CVDs). World Health Organization. URL: https.//www.who.int/news-room/fact-sheets/detail/
cardiovascul ar-diseases-(cvds) [accessed 2022-07-06]

2. Clark AM, DesMeules M, Luo W, Duncan AS, Wielgosz A. Socioeconomic status and cardiovascular disease: risks and
implicationsfor care. Nat Rev Cardiol 2009 Nov 22;6(11):712-722. [doi: 10.1038/nrcardio.2009.163] [Medline: 19770848]

3. deMestra C, Stringhini S. Socioeconomic status and cardiovascular disease: an update. Curr Cardiol Rep 2017 Sep
30;19(11):115. [doi: 10.1007/s11886-017-0917-z] [Medline: 28965316]

4, Kraus W, Powell K, Haskell W, Janz KF, Campbell WW, Jakicic IM, 2018 PHY SICAL ACTIVITY GUIDELINES
ADVISORY COMMITTEE*. Physical activity, all-cause and cardiovascular mortality, and cardiovascular disease. Med
Sci Sports Exerc 2019 Jun;51(6):1270-1281 [FREE Full text] [doi: 10.1249/M SS.0000000000001939] [Medline: 31095084]

5. GutholdR, Stevens GA, Riley LM, Bull FC. Worldwidetrendsin insufficient physical activity from 2001 to 2016: apooled
analysis of 358 population-based surveyswith 1.9 million participants. Lancet Global Health 2018 Oct;6(10):e1077-e1086.
[doi: 10.1016/s2214-109%(18)30357-7]

6. Blond K, Brinklgv CF, Ried-Larsen M, Crippa A, Grantved A. Association of high amounts of physical activity with
mortality risk: a systematic review and meta-analysis. Br J Sports Med 2020 Oct 12;54(20):1195-1201. [doi:
10.1136/bjsports-2018-100393] [Medline: 31406017]

https:/formative.,jmir.org/2023/1/e40851 JMIR Form Res 2023 | vol. 7| e40851 | p. 11

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=formative_v7i1e40851_app1.docx&filename=c317e40adaf25f46db7da7259d72e0a3.docx
https://jmir.org/api/download?alt_name=formative_v7i1e40851_app1.docx&filename=c317e40adaf25f46db7da7259d72e0a3.docx
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
http://dx.doi.org/10.1038/nrcardio.2009.163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19770848&dopt=Abstract
http://dx.doi.org/10.1007/s11886-017-0917-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28965316&dopt=Abstract
https://europepmc.org/abstract/MED/31095084
http://dx.doi.org/10.1249/MSS.0000000000001939
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31095084&dopt=Abstract
http://dx.doi.org/10.1016/s2214-109x(18)30357-7
http://dx.doi.org/10.1136/bjsports-2018-100393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31406017&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Voset a

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Ekelund U, Tarp J, Steene-Johannessen J, Hansen BH, Jefferis B, Fagerland MW, et al. Dose-response associ ations between
accelerometry measured physical activity and sedentary time and all cause mortality: systematic review and harmonised
meta-analysis. BMJ 2019 Aug 21;366:14570 [FREE Full text] [doi: 10.1136/bmj.I14570] [Medline: 31434697]

Trost SG, Owen N, Bauman AE, Sallis JF, Brown W. Correlates of adults participation in physical activity: review and
update. Med Sci Sports Exerc 2002 Dec;34(12):1996-2001. [doi: 10.1097/00005768-200212000-00020] [Medline: 12471307]
BeenackersMA, Kamphuis CB, GiskesK, Brug J, Kunst AE, Burdorf A, et al. Socioeconomic inequalitiesin occupational,
leisure-time, and transport related physical activity among European adults: a systematic review. Int J Behav Nutr Phys
Act 2012 Sep 19;9:116 [FREE Full text] [doi: 10.1186/1479-5868-9-116] [Medline: 22992350]

Gidlow C, Johnston LH, Crone D, EllisN, James D. A systematic review of the relationship between socio-economic
position and physical activity. Health Educ J 2016 Jul 27;65(4):338-367. [doi: 10.1177/0017896906069378]

Chinn DJ, WhiteM, Howel D, Harland JO, Drinkwater CK. Factors associated with non-participation in aphysical activity
promotion trial. Public Health 2006 Apr;120(4):309-319. [doi: 10.1016/j.puhe.2005.11.003] [Medline: 16473376]
Lakerveld J, ljzelenberg W, van Tulder MW, Hellemans IM, Rauwerda JA, van Rossum AC, et a. Motives for (not)
participating in alifestyle intervention trial. BMC Med Res Methodol 2008 Apr 10;8:17 [FREE Full text] [doi:
10.1186/1471-2288-8-17] [Medline: 18402683]

Bradbury K, Weatts S, Arden-Close E, Yardley L, Lewith G. Developing digital interventions: amethodological guide. Evid
Based Complement Alternat Med 2014;2014:561320 [FREE Full text] [doi: 10.1155/2014/561320] [Medline: 24648848]
Klasnja P, Pratt W. Healthcare in the pocket: mapping the space of mobile-phone health interventions. J Biomed Inform
2012 Feb;45(1):184-198 [FREE Full text] [doi: 10.1016/}.jbi.2011.08.017] [Medline: 21925288]

Grand View Research. URL: https.//www.grandviewresearch.com/industry-analysis/mhealth-market#: ~:text=Report%
200verview,maj or%20f actor%20accel erating%20market%20growth [accessed 2022-07-06]

Number of health and fitness app usersin the United States from 2018 to 2022. Statista. URL: https.//www.statista.com/
statisti cs/1154994/number-us-fitness-heal th-app-users/ [accessed 2022-07-06]

Romeo A, Edney S, Plotnikoff R, Curtis R, Ryan J, Sanders |, et al. Can smartphone apps increase physical activity?
Systematic review and meta-analysis. JMed Internet Res 2019 Mar 19;21(3):e12053 [ FREE Full text] [doi: 10.2196/12053]
[Medline: 30888321]

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]

Middelweerd A, Mollee JS, van der Wal CN, Brug J, Te Velde SJ. Apps to promote physical activity among adults: a
review and content analysis. Int JBehav Nutr Phys Act 2014 Jul 25;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]

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 Jun 25;14:646 [FREE Full text] [doi:
10.1186/1471-2458-14-646] [Medline: 24965805]

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 May 21;3(2):e43 [FREE Full text] [doi:
10.2196/mhealth.4003] [Medline: 25998158]

Modave F, Bian J, Leavitt T, Bromwell J, Harris lii C, Vincent H. Low quality of free coaching apps with respect to the
American college of sports medicine guidelines: areview of current mobile apps. IMIR Mhealth Uhealth 2015 Jul 24;3(3):e77
[FREE Full text] [doi: 10.2196/mhealth.4669] [Medline: 26209109]

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 Feb 17;12(1):e4 [EREE Full text] [doi: 10.2196/jmir.1376] [Medline: 20164043]

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]
Broekhuizen K, Kroeze W, van Poppel MN, 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]

Nocon M, Miiller-Riemenschneider F, Nitzschke K, Willich SN. Review article: increasing physical activity with

point-of -choice prompts--a systematic review. Scand J Public Health 2010 Aug 02;38(6):633-638. [doi:
10.1177/1403494810375865] [Medline: 20601438]

Rabbi M, Pfammatter A, Zhang M, Spring B, Choudhury T. Automated personalized feedback for physical activity and
dietary behavior change with mobile phones: a randomized controlled trial on adults. IMIR Mhealth Uhealth 2015 May
14;3(2):e42 [FREE Full text] [doi: 10.2196/mhealth.4160] [Medline: 25977197]

https:/formative.,jmir.org/2023/1/e40851 JMIR Form Res 2023 | vol. 7| e40851 | p. 12

(page number not for citation purposes)


http://www.bmj.com/lookup/pmidlookup?view=long&pmid=31434697
http://dx.doi.org/10.1136/bmj.l4570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31434697&dopt=Abstract
http://dx.doi.org/10.1097/00005768-200212000-00020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12471307&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-9-116
http://dx.doi.org/10.1186/1479-5868-9-116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22992350&dopt=Abstract
http://dx.doi.org/10.1177/0017896906069378
http://dx.doi.org/10.1016/j.puhe.2005.11.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16473376&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-8-17
http://dx.doi.org/10.1186/1471-2288-8-17
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18402683&dopt=Abstract
https://doi.org/10.1155/2014/561320
http://dx.doi.org/10.1155/2014/561320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24648848&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(11)00144-4
http://dx.doi.org/10.1016/j.jbi.2011.08.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21925288&dopt=Abstract
https://www.grandviewresearch.com/industry-analysis/mhealth-market#:~:text=Report%20Overview,major%20factor%20accelerating%20market%20growth
https://www.grandviewresearch.com/industry-analysis/mhealth-market#:~:text=Report%20Overview,major%20factor%20accelerating%20market%20growth
https://www.statista.com/statistics/1154994/number-us-fitness-health-app-users/
https://www.statista.com/statistics/1154994/number-us-fitness-health-app-users/
https://www.jmir.org/2019/3/e12053/
http://dx.doi.org/10.2196/12053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30888321&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
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-014-0097-9
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
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-14-646
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
https://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
https://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.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/10.1037/a0016136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19916637&dopt=Abstract
https://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://dx.doi.org/10.1177/1403494810375865
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20601438&dopt=Abstract
https://mhealth.jmir.org/2015/2/e42/
http://dx.doi.org/10.2196/mhealth.4160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25977197&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Voset a

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,
46.

47.
48.

49,

50.

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]

Lakerveld J, Mackenbach JD, de Boer F, Brandhorst B, Broerse JE, de Bruijn G, et al. Improving cardiometabolic health
through nudging dietary behaviours and physical activity in low SES adults: design of the Supreme Nudge project. BMC
Public Health 2018 Jul 20;18(1):899 [FREE Full text] [doi: 10.1186/s12889-018-5839-1] [Medline: 30029600]

Stuber IM, Mackenbach JD, de Boer FE, de Bruijn G, Gillebaart M, Harbers MC, et al. Reducing cardiometabolic risk in
adultswith alow socioeconomic position: protocol of the Supreme Nudge parallel cluster-randomised controlled supermarket
trial. Nutr 32020 May 19;19(1):46 [FREE Full text] [doi: 10.1186/s12937-020-00562-8] [Medline: 32429917]

Paluch AE, Bgjpal S, Bassett DR, Carnethon MR, Ekelund U, Evenson KR, Steps for Health Collaborative. Daily steps
and all-cause mortality: ameta-analysisof 15 international cohorts. Lancet Public Health 2022 Mar;7(3):€219-e228 [FREE
Full text] [doi: 10.1016/S2468-2667(21)00302-9] [Medline: 35247352]

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 [FREE Full text] [doi: 10.1007/s12160-013-9486-6] [Medline:
23512568]

Kreuter M, Farrell D, Olevitch L, Brennan L. Tailoring Health Messages: Customizing Communication with Computer
Technology. New York: Routledge; 1999.

Amagasa S, Machida M, Fukushima N, Kikuchi H, Takamiya T, Odagiri Y, et al. |s objectively measured light-intensity
physical activity associated with health outcomes after adjustment for moderate-to-vigorous physical activity in adults? A
systematic review. Int J Behav Nutr Phys Act 2018 Jul 09;15(1):65 [FREE Full text] [doi: 10.1186/s12966-018-0695-7]
[Medline: 29986718]

Buman MP, Hekler EB, Haskell WL, Pruitt L, Conway TL, Cain KL, et al. Objective light-intensity physical activity
associations with rated health in older adults. Am J Epidemiol 2010 Nov 15;172(10):1155-1165 [FREE Full text] [doi:
10.1093/aje/kw(q249] [Medline: 20843864]

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]

Klein MC, Manzoor A, Mollee JS. Active2Gether: a personalized m-health intervention to encourage physical activity.
Sensors (Basel) 2017 Jun 19;17(6):1436 [FREE Full text] [doi: 10.3390/s17061436] [Medline: 28629178]

Middelweerd A, Te Velde SJ, Mollee JS, Klein MC, Brug J. App-based intervention combining evidence-based behavior
change techniques with amodel-based reasoning system to promote physical activity among young adults (Active2Gether):
descriptive study of the development and content. IMIR Res Protoc 2018 Dec 21;7(12):e185 [FREE Full text] [doi:
10.2196/resprot.7169] [Medline: 30578198]

Michie S, Ashford S, Sniehotta FF, Dombrowski SU, Bishop A, French DP. A refined taxonomy of behaviour change
techniques to help people change their physical activity and healthy eating behaviours. the CAL O-RE taxonomy. Psychol
Health 2011 Nov;26(11):1479-1498. [doi: 10.1080/08870446.2010.540664] [Medline: 21678185]

Middelweerd A, van der Laan DM, van Stralen MM, Moallee 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]

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):e103
[FREE Full text] [doi: 10.2196/mhealth.4383] [Medline: 26563744]

Tudor-Locke C, Craig CL, Brown WJ, Clemes SA, De Cocker K, Giles-Corti B, et al. How many steps/day are enough?
For adults. Int JBehav Nutr Phys Act 2011 Jul 28;8:79 [FREE Full text] [doi: 10.1186/1479-5868-8-79] [Medline: 21798015]
Middelweerd A, Mollee J, Klein MM, Manzoor A, Brug J, Te Velde SJ. The use and effects of an app-based physical
activity intervention "Active2Gether" in young adults: quasi-experimental trial. IMIR Form Res 2020 Jan 21;4(1):€12538
[FREE Full text] [doi: 10.2196/12538] [Medline: 31961330]

Reading level. Accessibility. URL: https://www.accessi bility.nl/tool s/l eesniveau [accessed 2022-07-07]

Council of Europe. Common European Framework of Referencefor Languages: L earning, teaching, assessment — Companion
volume. Strasbourg: Council of Europe Publishing; 2020.

Bots: an introduction for developers. Telegram. URL: https://core.tel egram.org/bots#6-botfather [accessed 2022-07-07]
Clarke V, Braun V. Successful Qualitative Research A Practical Guide for Beginners. Thousand Oaks, California, United
States: SAGE Publications; 2013.

Bandura A. Social cognitive theory: an agentic perspective. Annu Rev Psychol 2001;52:1-26. [doi:
10.1146/annurev.psych.52.1.1] [Medline: 11148297]

Bauman AE, ReisRS, Sallis JF, Wells JC, Loos RJ, Martin BW, Lancet Physical Activity Series Working Group. 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]

https:/formative.,jmir.org/2023/1/e40851 JMIR Form Res 2023 | vol. 7 | 40851 | p. 13

(page number not for citation purposes)


http://dx.doi.org/10.1007/s00779-017-1023-3
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-018-5839-1
http://dx.doi.org/10.1186/s12889-018-5839-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30029600&dopt=Abstract
https://nutritionj.biomedcentral.com/articles/10.1186/s12937-020-00562-8
http://dx.doi.org/10.1186/s12937-020-00562-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32429917&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2468-2667(21)00302-9
https://linkinghub.elsevier.com/retrieve/pii/S2468-2667(21)00302-9
http://dx.doi.org/10.1016/S2468-2667(21)00302-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35247352&dopt=Abstract
https://core.ac.uk/reader/191129821?utm_source=linkout
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
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-018-0695-z
http://dx.doi.org/10.1186/s12966-018-0695-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29986718&dopt=Abstract
https://europepmc.org/abstract/MED/20843864
http://dx.doi.org/10.1093/aje/kwq249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20843864&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
https://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
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://dx.doi.org/10.1080/08870446.2010.540664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21678185&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
https://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/10.1186/1479-5868-8-79
http://dx.doi.org/10.1186/1479-5868-8-79
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21798015&dopt=Abstract
https://formative.jmir.org/2020/1/e12538/
http://dx.doi.org/10.2196/12538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31961330&dopt=Abstract
https://www.accessibility.nl/tools/leesniveau
https://core.telegram.org/bots#6-botfather
http://dx.doi.org/10.1146/annurev.psych.52.1.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11148297&dopt=Abstract
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://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Voset a

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

Rhodes RE, Janssen |, Bredin SS, Warburton DE, Bauman A. Physical activity: health impact, prevalence, correlates and
interventions. Psychol Health 2017 Aug 30;32(8):942-975. [doi: 10.1080/08870446.2017.1325486] [Medline: 28554222]
Baranowski T, Anderson C, Carmack C. Mediating variable framework in physical activity interventions. How are we
doing? How might we do better? Am JPrev Med 1998 Nov;15(4):266-297. [doi: 10.1016/90749-3797(98)00080-4] [Medline:
9838973]

Noar SM, Benac CN, Harris M S. Does tailoring matter? Meta-analytic review of tailored print health behavior change
interventions. Psychol Bull 2007 Jul;133(4):673-693. [doi: 10.1037/0033-2909.133.4.673] [Medline: 17592961]
Luszczynska A, Schwarzer R. Socia cognitive theory. In: Predicting Health Behaviour. Buckingham, UK: Open University
Press, 2005.

Michie S, Johnston M, Francis J, Hardeman W, Eccles M. From theory to intervention: mapping theoretically derived
behavioural determinants to behaviour change techniques. Appl Psychol 2008;57(4):660-680. [doi:
10.1111/.1464-0597.2008.00341.X]

Buchholz SW, Wilbur J, Ingram D, Fogg L. Physical activity text messaging interventionsin adults: a systematic review.
Worldviews Evid Based Nurs 2013 Aug;10(3):163-173. [doi: 10.1111/wvn.12002] [Medline: 23746267)

Internet; toegang, gebruik en faciliteiten; 2012-2019. Centraal Bureau voor de Statistiek. 2020 Nov 18. URL : https://www.
cbs.nl/nl-nl/cijfers/detail/83429NED?dI=2F8AA [accessed 2022-07-07)

Armanasco AA, Miller YD, Fjeldsoe BS, Marshall AL. Preventive health behavior change text message interventions: a
meta-analysis. Am JPrev Med 2017 Mar;52(3):391-402. [doi: 10.1016/j.amepre.2016.10.042] [Medline: 28073656]
Smith DM, Duque L, Huffman JC, Healy BC, Celano CM. Text message interventions for physical activity: a systematic
review and meta-analysis. Am J Prev Med 2020 Jan;58(1):142-151 [FREE Full text] [doi: 10.1016/j.amepre.2019.08.014]
[Medline: 31759805]

DeSmet A, De Bourdeaudhuij I, Chastin S, Crombez G, Maddison R, Cardon G. Adults preferences for behavior change
techniques and engagement featuresin amobile app to promote 24-hour movement behaviors: cross-sectional survey study.
JMIR Mhealth Uhealth 2019 Dec 20;7(12):e15707 [FREE Full text] [doi: 10.2196/15707] [Medline: 31859680]
KlasnjaP, Smith S, Seewald N, Lee A, Hall K, Luers B, et a. Efficacy of contextually tailored suggestions for physical
activity: amicro-randomized optimization trial of HeartSteps. Ann Behav Med 2019 May 03;53(6):573-582 [FREE Full
text] [doi: 10.1093/abm/kay067] [Medline: 30192907]

Hardeman W, Houghton J, Lane K, Jones A, Naughton F. A systematic review of just-in-time adaptive interventions
(JTAISs) to promote physical activity. Int JBehav Nutr Phys Act 2019 Apr 03;16(1):31 [FREE Full text] [doi:
10.1186/s12966-019-0792-7] [Medline: 30943983]

Schroé H, Van Dyck D, De Pagpe A, Poppe L, Loh WW, Verloigne M, et al. Which behaviour change techniques are
effective to promote physical activity and reduce sedentary behaviour in adults: afactorial randomized trial of an e- and
m-health intervention. Int JBehav Nutr Phys Act 2020 Oct 07;17(1):127 [FREE Full text] [doi: 10.1186/s12966-020-01001-X]
[Medline: 33028335]

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/j.ypmed.2010.06.004] [Medline: 20558196]

Short CE, James EL, Plotnikoff RC, Girgis A. Efficacy of tailored-print interventions to promote physical activity: a
systematic review of randomised trials. Int J Behav Nutr Phys Act 2011 Oct 17;8:113 [FREE Full text] [doi:
10.1186/1479-5868-8-113] [Medline; 21999329

Beldad AD, Hegner SM. Expanding the technology acceptance model with the inclusion of trust, social influence, and
health valuation to determine the predictors of German users' willingness to continue using a fitness app: a structural
equation modeling approach. Int JHuman Comput Interact 2017 Nov 30;34(9):882-893. [doi:
10.1080/10447318.2017.1403220]

Akerberg A, Soderlund A, Lindén M. Investigation of the validity and reliability of a smartphone pedometer application.
Eur J Physiother 2016 May 23;18(3):185-193. [doi: 10.3109/21679169.2016.1174297]

Bort-Roig J, Gilson ND, Puig-RiberaA, Contreras RS, Trost SG. Measuring and influencing physical activity with smartphone
technology: a systematic review. Sports Med 2014 May;44(5):671-686. [doi: 10.1007/s40279-014-0142-5] [Medline:
24497157]

Hekler EB, Buman MP, Grieco L, Rosenberger M, Winter SJ, Haskell W, et al. Validation of physical activity tracking via
android smartphones compared to ActiGraph accelerometer: 1aboratory-based and free-living validation studies. IMIR
Mhealth Uhealth 2015 Apr 15;3(2):e36 [FREE Full text] [doi: 10.2196/mhealth.3505] [Medline; 25881662]

Amagasa S, Kamada M, Sasai H, FukushimaN, Kikuchi H, Leel, et al. How well iphones measure stepsin free-living
conditions: cross-sectional validation study. IMIR Mhealth Uhealth 2019 Jan 09;7(1):€10418 [FREE Full text] [doi:
10.2196/10418] [Medline: 30626569]

Bergman R, Spellman J, Hall M, Bergman S. Isthere avalid app for that? Validity of afree pedometer iPhone application.
J Phys Act Health 2012 Jul;9(5):670-676. [doi: 10.1123/jpah.9.5.670] [Medline: 21946023]

Funk MD, Salazar CL, Martinez M, Gonzalez J, LeyvaP, Bassett D, et a. Validity of smartphone applications at measuring
steps: does wear location matter? J Measurement Physical Behav 2019 Mar;2(1):22-27. [doi: 10.1123/jmpb.2018-0025]

https:/formative.,jmir.org/2023/1/e40851 JMIR Form Res 2023 | vol. 7 | 40851 | p. 14

(page number not for citation purposes)


http://dx.doi.org/10.1080/08870446.2017.1325486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28554222&dopt=Abstract
http://dx.doi.org/10.1016/s0749-3797(98)00080-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9838973&dopt=Abstract
http://dx.doi.org/10.1037/0033-2909.133.4.673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17592961&dopt=Abstract
http://dx.doi.org/10.1111/j.1464-0597.2008.00341.x
http://dx.doi.org/10.1111/wvn.12002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23746267&dopt=Abstract
https://www.cbs.nl/nl-nl/cijfers/detail/83429NED?dl=2F8AA
https://www.cbs.nl/nl-nl/cijfers/detail/83429NED?dl=2F8AA
http://dx.doi.org/10.1016/j.amepre.2016.10.042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28073656&dopt=Abstract
https://europepmc.org/abstract/MED/31759805
http://dx.doi.org/10.1016/j.amepre.2019.08.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31759805&dopt=Abstract
https://mhealth.jmir.org/2019/12/e15707/
http://dx.doi.org/10.2196/15707
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31859680&dopt=Abstract
https://europepmc.org/abstract/MED/30192907
https://europepmc.org/abstract/MED/30192907
http://dx.doi.org/10.1093/abm/kay067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30192907&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-019-0792-7
http://dx.doi.org/10.1186/s12966-019-0792-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30943983&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-020-01001-x
http://dx.doi.org/10.1186/s12966-020-01001-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33028335&dopt=Abstract
https://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
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-8-113
http://dx.doi.org/10.1186/1479-5868-8-113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21999329&dopt=Abstract
http://dx.doi.org/10.1080/10447318.2017.1403220
http://dx.doi.org/10.3109/21679169.2016.1174297
http://dx.doi.org/10.1007/s40279-014-0142-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24497157&dopt=Abstract
https://mhealth.jmir.org/2015/2/e36/
http://dx.doi.org/10.2196/mhealth.3505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25881662&dopt=Abstract
https://mhealth.jmir.org/2019/1/e10418/
http://dx.doi.org/10.2196/10418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30626569&dopt=Abstract
http://dx.doi.org/10.1123/jpah.9.5.670
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21946023&dopt=Abstract
http://dx.doi.org/10.1123/jmpb.2018-0025
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Voset a

73. Duncan MJ, Wunderlich K, Zhao Y, Faulkner G. Walk this way: validity evidence of iphone health application step count
inlaboratory and free-living conditions. J Sports Sci 2018 Aug;36(15):1695-1704. [doi: 10.1080/02640414.2017.1409855]
[Medline: 29179653]

74. Feter N, Dos Santos TS, Caputo EL, da SilvaMC. What isthe role of smartphones on physical activity promotion? A
systematic review and meta-analysis. Int J Public Health 2019 Jun 13;64(5):679-690. [doi: 10.1007/s00038-019-01210-7]
[Medline: 30758514]

75. Ga R, May AM, van Overmeeren EJ, Simons M, Monninkhof EM. The effect of physical activity interventions comprising
wearabl es and smartphone applications on physical activity: a systematic review and meta-analysis. Sports Med Open 2018
Sep 03;4(1):42 [FREE Full text] [doi: 10.1186/s40798-018-0157-9] [Medline: 30178072]

76. LaranjoL, Ding D, Heleno B, Kocaballi B, Quiroz JC, Tong HL, et al. Do smartphone applications and activity trackers
increase physical activity in adults? Systematic review, meta-analysis and metaregression. Br J Sports Med 2021 Apr
21;55(8):422-432. [doi: 10.1136/bjsports-2020-102892] [Medline: 33355160]

77. Taalniveau B1. CommunicatieRijk, over overheidscommunicatie. URL: https://www.communicatierijk.nl/vakkennis/r/
rijkswebsites/aanbevol en-richtlijnen/taal niveau-b1 [accessed 2022-07-07]

78. Zhou M, FukuokaY, Mintz Y, Goldberg K, Kaminsky P, Flowers E, et al. Evaluating machine learning-based automated
personalized daily step goals delivered through a mobile phone app: randomized controlled trial. IMIR Mhealth Uhealth
2018 Jan 25;6(1):€28 [FREE Full text] [doi: 10.2196/mhealth.9117] [Medline: 29371177]

79. GohYS, Ow Yong JQ, Chee BQ, Kuek JH, Ho CS. Machine learning in health promotion and behavioral change: scoping
review. JMed Internet Res 2022 Jun 02;24(6):e35831 [FREE Full text] [doi: 10.2196/35831] [Medline: 35653177]

80. Bagji D,Hel, Giani S, Bosse T, WiersR, de Bruijn G. Effectiveness and acceptability of conversational agents for sexual
health promotion: a systematic review and meta-analysis. Sex Health 2022 Oct;19(5):391-405 [FREE Full text] [doi:
10.1071/SH22016] [Medline: 35863761]

81. Hirschey J, Bane S, Mansour M, Sperber J, Agboola S, Kvedar J, et a. Evaluating the usability and usefulness of a mobile
app for atrial fibrillation using qualitative methods: exploratory pilot study. IMIR Hum Factors 2018 Mar 15;5(1):€13
[EREE Full text] [doi: 10.2196/humanfactors.8004] [Medline: 29549073]

82. Ayaag, Elder J. Qualitative methods to ensure acceptability of behavioral and social interventionsto the target popul ation.
JPublic Health Dent 2011;71 Suppl 1(0 1):S69-S79 [FREE Full text] [doi: 10.1111/].1752-7325.2011.00241.x] [Medline:
21656958]

83. Socio-economic status per postcode area. The Netherlands Ingtitute for Social Research. 2019. URL: https://bronnen.
zorggegevens.nl/Bron?naam=Soci aal - Economi sche-Status-per-postcodegebied [accessed 2020-12-18]

Abbreviations

BCT: behavior change technique
CVD: cardiovascular disease
PA: physica activity

SCT: social cognitive theory
SEP: socioeconomic position

Edited by A Mavragani; submitted 07.07.22; peer-reviewed by H Mehdizadeh, J Job, K Waters, T Powell-Wley; comments to author
28.11.22; revised version received 13.03.23; accepted 14.03.23; published 17.04.23

Please cite as:

Vos AL, de Bruijn GJ, Klein MCA, Lakerveld J, Boerman SC, Smit EG

SNapp, a Tailored Smartphone App Intervention to Promote Walking in Adults of Low Socioeconomic Position: Development and
Qualitative Pilot Sudy

JMIR Form Res 2023;7:e40851

URL: https://formative.jmir.org/2023/1/e40851

doi: 10.2196/40851

PMID: 37067890

©Anne L Vos, Gert-Jan de Bruijn, Michel C A Klein, Jeroen Lakerveld, Sophie C Boerman, Edith G Smit. Originally published
in IMIR Formative Research (https://formative.jmir.org), 17.04.2023. This is 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 Formative Research, is properly
cited. The complete bibliographic information, a link to the origina publication on https://formativejmir.org, as well as this
copyright and license information must be included.

https:/formative.,jmir.org/2023/1/e40851 JMIR Form Res 2023 | vol. 7 | 40851 | p. 15
(page number not for citation purposes)

RenderX


http://dx.doi.org/10.1080/02640414.2017.1409855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29179653&dopt=Abstract
http://dx.doi.org/10.1007/s00038-019-01210-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30758514&dopt=Abstract
https://europepmc.org/abstract/MED/30178072
http://dx.doi.org/10.1186/s40798-018-0157-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30178072&dopt=Abstract
http://dx.doi.org/10.1136/bjsports-2020-102892
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33355160&dopt=Abstract
https://www.communicatierijk.nl/vakkennis/r/rijkswebsites/aanbevolen-richtlijnen/taalniveau-b1
https://www.communicatierijk.nl/vakkennis/r/rijkswebsites/aanbevolen-richtlijnen/taalniveau-b1
https://mhealth.jmir.org/2018/1/e28/
http://dx.doi.org/10.2196/mhealth.9117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29371177&dopt=Abstract
https://www.jmir.org/2022/6/e35831/
http://dx.doi.org/10.2196/35831
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35653177&dopt=Abstract
https://europepmc.org/abstract/MED/35863761
http://dx.doi.org/10.1071/SH22016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35863761&dopt=Abstract
https://humanfactors.jmir.org/2018/1/e13/
http://dx.doi.org/10.2196/humanfactors.8004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29549073&dopt=Abstract
https://europepmc.org/abstract/MED/21656958
http://dx.doi.org/10.1111/j.1752-7325.2011.00241.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21656958&dopt=Abstract
https://bronnen.zorggegevens.nl/Bron?naam=Sociaal-Economische-Status-per-postcodegebied
https://bronnen.zorggegevens.nl/Bron?naam=Sociaal-Economische-Status-per-postcodegebied
https://formative.jmir.org/2023/1/e40851
http://dx.doi.org/10.2196/40851
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37067890&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

