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Abstract

Background: Information and communication technologies (ICTs) are becoming increasingly popular in supporting the fight
against low physical activity (PA) levels among adolescents. However, several ICT solutions lack evidence-based content.
Therefore, there is a need to identify important features that have the potential to efficiently and consistently support the PA of
adolescents using ICT solutions.

Objective: This study aims to create evidence-based models of requirements for ICT solutions supporting PA by combining
scientific evidence from literature and health experts. In addition, wetest the suitability of agent-oriented goal modelsin thistype
of modeling process.

Methods: A literature search of PubMed, Web of Science, and Scopus databases was conducted to identify evidence-based
functional, quality, and emotional goals that have previously been proven to be relevant in supporting PAs among youth using
ICT solutions. Theidentified goalswere presented in the form of goal models. These modelswere used to collaborate with health
experts to receive their input on the topic and suggestions for improvement. The initial goal models were improved based on the
feedback from the experts.

Results: Theresultsindicated that agent-oriented goal modeling isa suitable method for merging information from the literature
and experts. One strength of agent-oriented goal models is that they present emotional requirements together with quality and
functional requirements. Another strength is the possibility of presenting results from aliterature review in a systematic manner
and using them thereafter in the communication process with stakeholders. Agent-oriented goal models that were created were
easy to understand for health experts without previous experience in requirements engineering, which facilitates and supports
collaboration with nontechnical stakeholders.

Conclusions: The proposed agent-oriented goal models effectively merged information from scientific literature and experts
in the field and presented early functional, quality, and emotional requirements in a holistic and coherent manner. We believe
that the created model s have high potential to hel p requirements engineers and devel opersto provide more efficient ICT solutions
that support PA among adolescents in the future.

(J Med I nternet Res 2021;23(5):€24810) doi: 10.2196/24810
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Introduction

Background

Despite the numerous health benefits of physical activity (PA)
on mental, social, and physical health [1-3], countries struggle
with low levels of PA among children and adolescents [4].
According to data from 32 European and North American
countries, only 23% of adolescent boys and 14% of girls meet
the recommended daily PA levels [4], which is a minimum of
60 minutes of moderate- to vigorous-intensity PA every day
[5]. According to the studies, PA declines during adolescence
[6,7]. At the same time, many health-related behavior habits
are established during adolescence that carry on to adulthood
[8,9]. Therefore, adolescence is a sensitive period that can
influence health behavior in later life, and greater attention
should be paid to supporting the PA of adolescents[9].

Numerous interventions have been developed to support PA
among children and adolescents, with most of them being
conducted in aschool setting [10], whereit is easy to reach all
children despite their age or socioeconomic background. In
recent years, interventions using a variety of technological
solutions have emerged, which can be explained by the high
level of technology use among children and adolescents aswell
as by the vast possihilities of information and communication
technologies (ICTs) that enable more individualized behavior
changeinterventions[10]. It isalso important that through ICT
solutions, it is possible to provide health information to people
who would otherwise not have access to health education
resources[11]. According to adol escentsthemselves, supporting
PA by using technology makes PA more appealing and helps
to increase their awareness of the actual activity levels [12].
Previous ICT interventions have shown promising results
[10,23-20], irrespective of the technological mechanisms used
to deliver or support the delivery of an intervention. Some
examples of the mechanisms used are the internet [14,15,21],
text messaging, email [19-21], and phone apps [22]. However,
the development process of ICT solutions supporting PA
includes several challenges, which is highlighted by the fact
that not al ICT interventions have been proven to be effective
or successful [22,23]. It has been pointed out that a stronger
collaboration between scientists and technol ogistswho devel op
the solutions is needed [22,24,25], as ICT interventions are
more likely to be successful when combined with theory, such
as behavior change theory [15,21]. Collaboration with health
experts and scientists during the problem identification and
reguirements engineering phase helps to elicit evidence-based
functional, quality, and emotional requirements for |CT-based
intervention solutions that have the potentia to support the
behavioral change of the target group. Such collaboration with
scientists and experts would aso increase the quality of
information, and according to a review, several apps lack
evidence-based content and focus mainly on functionality,
aesthetics, and engagement [22].

In addition to functiona requirements, the quality and emotional
side of the software application must also be considered because
the adaptation of the application depends on the emotions of
the user [26]. The lack of user-friendliness and being
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unappealing to thetarget group has been marked as asignificant
cause of dropout and low levels of involvement in previous
interventions [23,27]. Therefore, it is crucia that the
development process includes both end users [27] as well as
different stakeholders, health experts, and scientists, which
ensures that the end product will have an expected impact on
the end users[25,28-30]. The method used to involve different
stakehol ders must be easy to comprehend, as stakeholders often
lack previous experience in requirements engineering. At the
same time, it should capture as many functional, quality, and
emotional requirements that constitute an important input for
requirements engineers and devel opers.

Agent-Oriented Goal Modeling

One method for presenting emotional requirements for
sociotechnical systems (ST Ss) is agent-oriented goal modeling
[29-32]. STS is a software-intensive system that has defined
operational processesfollowed by human operators and operates
within an organization and comprises both social and technical
aspects [33]. The STS consists of humans, software, and
hardware [34]. According to the preceding definitions, ICT
solutions supporting PA among adol escentsfit into the category
of STSs. Agent-oriented goa modeling [31,32,35] is a
state-of-the-art method for eliciting and representing the
requirements of STSs. In this method, the starting point is
something to be achieved or done, whereasit isnot yet important
who or what doesit. A distinct feature of motivational modeling
isits explicit support for eliciting and representing emotional
requirements [30,36]. The method enables the representation
of functional, quality (nonfunctional), and emotional
requirements for STSs in a holistic manner as a hierarchical
goal tree, consisting of functional, quality, and emaotional goals
[30-32,35,36]. Agent-oriented goal modeling has been applied
previously in several studies, which have shown that this
approach issuitable and comfortablefor including both technical
and nontechnical stakeholders [30,31,36-38]. Moreover, this
approach supports communication with nontechnical experts
and other stakeholders whose input is required for the design
process. Agent-oriented goal models provide a thorough
description of possible solutions for the problem in question.
The created models are not fina technical requirements but
rather offer an overall picture of the necessary elements and
features that should be considered during the development
process. On the basis of the agent-oriented goa models,
requirements engineers can form more concrete requirements
in the form of, for example, user stories [39], which can then
be used in the further devel opment process. Often, the creation
of goal modes includes a workshop or focus group with
stakeholdersto identify functional, quality, and emotional goals
and therolesrequired for the attainment of the goals[30-32,36],
which is followed by creating goal models based on the
information gathered. However, in the current situation caused
by the spread of COVID-19, the possibilities for face-to-face
workshops have become limited, and alternative solutions have
to be considered. In addition to expert opinions, more scientific
evidenceisemerging with regard to the features and factorsthat
increasethe effectiveness of ICT solutions supporting PA, which
should also be considered in goal models.
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Objective

The main aim of our study is to create evidence-based models
for ICT solutions supporting PA by combining scientific
evidence from the literature and opinions of health experts. For
this purpose, we also aim to pil ot the use of agent-oriented goal
modeling in the process of communicating the results of the
literature review and involving experts with nontechnical
backgrounds. Interestingly, we have previously used a similar
approach in problem domains where arranging co-design
workshopswould be complicated, impossible, or even dangerous
[37,38].

Methods

Overview

Previous studies using agent-oriented goal models have often
gathered their input for goal models only from stakeholders
through interviews or workshops [30,32,35,36]. For the topic
under discussion, there is some scientific evidence on the
features that have the potential to increase the effectiveness of
ICT solutions supporting PA among adolescents and reduce
dropout. Therefore, to combine the findings from previous ICT
intervention studies with information from experts, this study
was designed in the following steps:

+ ldentification of evidence-based features of ICT solutions
that have the potential to support the behavioral change and
PA of adolescents based on aliterature review

«  Development of initial goal models

« Inclusion of experts, model validation, and improvement

Textbox 1. Search topics and keywords.

Mooses & Taveter

Literature Review

First, weidentified from the scientific literature evidence-based
features of ICT solutions that have the potential to support the
behavioral change and PA of adolescents. For this purpose, we
searched for articlesin the PubMed, Web of Science, and Scopus
databases. Separate searches for three topics were conducted
for each database. The topics and keywords used are listed in
Textbox 1. The first search focused on reviews that covered
|CT-based interventions with adolescents. The results of the
first search indicated that behavior change techniques (BCTS)
have the potential to positively influence the behavior of the
target audience [15,21]. Considering this, the following search
focused on identifying the most prevalent and effective BCTs
used in ICT solutions aimed at adolescents. To gain more
thorough insight into the needs and preferences of adolescents
concerning ICT solutions and PA, the third search focused on
qualitative studies. The reference list of each identified article
was al so searched for relevant reviews and studies.

The reviews that addressed ICT-based interventions with
adolescents included different study methodologies, such as
randomized controlled trials, quasi-experimental studies, and
feasibility studies [14,15,17-21,24,40-43], providing a good
overview of the features that have the potential to support PA
levels. Information about BCTswas mostly elicited from studies
or reviewsdescribing ICT solutionsusing BCTs[22,25,44-46].
Finaly, qualitative studies hel ped to identify possible facilitators
and barriers perceived by the adolescents themselves
[7,12,23,47-58].

Search: reviews covering information and communication technology—based interventions with adolescents

o “(adolesc*[Title/Abstract]) AND (review[Title/Abstract]) AND (‘physical activity'[Title/Abstract]) AND ((technology[Title/Abstract]) OR
(web[Title/Abstract]) OR (E-Health[ Title/Abstract]) OR (eHealth[ Title/Abstract]) OR (mHealth[ Title/Abstract]) OR (app*[Title/Abstract]))”

Sear ch: behavior change techniques used in information and communication technology solutions aimed at adolescents

«  “((adolesc*[Title/Abstract]) OR (young [Title/Abstract])) AND (‘physical activity’ [Title/Abstract]) AND (* behaviour change’ [Title/Abstract])”

Search: qualitative studiesto identify factorsvalued by adolescent users

«  “(‘physical activity'[Title/Abstract]) AND ((qualitative[Title/Abstract]) OR (‘focus group’ [Title/Abstract])) AND ((app*[Title/Abstract]) OR
(mHealth[ Title/Abstract]) OR (eHealth[ Title/Abstract])) AND (adolesc* [ Title/Abstract])”

Development of I nitial Goal M odels

The data gathered from the literature were used to create the
initial version of goal models, which included three types of
goals: do, be, and feel goals. Do goal is afunctional goal that
indicates what the system should do. Be goals or quality goals
present the nonfunctional requirements of the system, which
describe the quality aspects of the system—how the system
should be. Fedl goals are emotional goalsthat describe how the
user should feel when interacting with the system. In addition,
roles are identified, which represent who is responsible for the
attainment of which goals. This information is eventually
presented as a ssimple graph in which the functional goals are
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rendered in atree-like hierarchy. Inthe hierarchical goal model,
each subgoa represents a particular aspect of achieving its
parent goal. The functional goals are represented with tilted
rectangles, whereas roles, quality, and emotional goas are
attached to the appropriate functional goalsand are represented
by stick man icons, clouds, and heart symbols, respectively
(Figure 1). Therefore, it is important that roles, quality, and
emotional goals attached to the given functional goal apply to
that goal and to all of the functional goals located below it in
the goal tree. The described method enables the representation
of functional, quality (nonfunctional), and emotional
requirements for an STSin a holistic manner [30-32,35,36].
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Figure 1. Notation for goal modeling.

Functional goal

uality goal
What it should do Q YE

How it should be

The initia functional, quality, and emotional goals identified
in the literature are presented in Textbox 2.

The features identified from the literature were combined into
a hierarchica goal model, with move as the highest-level
goal—purpose of the ICT solution—and report background
info, set goals, monitor activity, receive feedback, and increase
awareness as first-level functiona goals. These first-level
functional goas were elaborated into lower-level functional
goals and attached to their quality and emotional goals. The
initial goal model derived from the literature review was
presented to the experts, who €elicited additional functional,
quality, and emotional goals. In the final goal models, the
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0 Roles

I I Who or what is to

achieve the goals
functional, quality, and emotional goals identified from the
literature are marked with an asterisk (*), and those elicited by
the experts are marked with a number sign (#).

:._ Emotional goal
How it should
feel

The goal models can be further elaborated into the format of
user stories [39], which is one of the most prevalent ways of
representing requirementsin agile software engineering [73,74].
We made use of the following format of user stories, which has
been adapted from Cohn [73]: “Asa[user performing acertain
role], | need [to perform action] to support [achieving acertain
goal]”. Wewill introduce an example of elaborating goal models
into user storiesin the Elaboration to User Stories subsection.
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Textbox 2. Initial goasidentified from the literature.

Mooses & Taveter

Functional goals

Report background information [20,40,44,59-61]
Set goals [21,24,42,45,52-54,60,62]

Monitor activity [21,24,42,45,62]

Receive feedback [21,24,42,45,51,54,62]
Participate in challenges [44,46,53,63]

Increase awareness [54,60,64,65]

Select challenge [12,47,50,66]

Create groups [15,48,63,67-69]

Invite friends [15,48,64,67-69]

© © N o g A~ w N -

=
©

View results [55,60]

[Eny
[N

. View comparison with others[46,55,56,60,64]
. Show health benefits [22,55]

.
w N

Receive activity suggestions [22,55]

=
»

Receive links to materials [22,55]
15. Helptointerpret the data[52,64]

Quality goals

Actively [5]

Regularly [5]

Personal [21,45,46,51,52,60]
Achievable [12,47,50,53,66]
Challenging [12,47,50,66]
Scientific [18,20,22,54,60]
Supportive [22]

Attractive [43,46,54,60,69]
Easy-to-use [43,46,54,60,69]
10. Automatic [43,46,54,60,69]

© © N o g A~ w N -

Emotional goals

Enjoyment [47,49,50,53,70-72]
Fun [47,49,50,66,70-72]
Involved [44,46]

Feel achievement [53,66]
Engaged [44,46,53,56,64]
Thrilled [53]

Be aware [18,20,22,54,60,64,65]

N o g M w DN P

Inclusion of Experts, Model Validation, and
Improvement

Theinitial goal modelswere validated by the experts. Although
previous studieswith goal models have used workshops or focus
groups to gather input from stakeholders[30,32,36], due to the
COVID-19 situation, in this study, one-on-one interviews in
the outdoors and web-based meetings were used instead. We
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RenderX

consulted sports scientists and physical education experts (n=5)
to identify the features of 1CT-based interventions that can
support the PA of adolescents. Some of the included experts
had previous experience in the devel opment and implementation
of PA interventions in a school setting; therefore, they could
highlight several aspectsand experiencesfromthefield. All the
included experts were also parents, which enabled them to
reflect the expectations of parents. Theinitial goal modelswere
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sent to the experts before the interviews, together with an
explanation of the notations and the aim of the models. These
aspects were repeated by the interviewer at the beginning of
each interview. Thereafter, theinterviewees thoughts about the
goa models rooted in the literature and their possible
improvements were obtained. All suggestions provided by the
experts were documented by the interviewer in written form.
In addition, feedback concerning the clarity, usability, and
comprehensiveness of the agent-oriented goal models was
provided. All interviewswere conducted by the sameresearcher.

The final versions of the goal models resulting from both the
literature review and the interviews with the experts are
presented and explained in the Results section. Goals in goal
models include markings that distinguish between the ideas
originating in the literature and the ideas proposed by the
experts. As both the ideas appearing in the literature and the
ideas proposed by the experts reached a detailed level, the
resulting goal models also cover the functionalities of ICT
solutions that are usually represented as detailed requirements
in the form of user stories[39]. In the goal models presented in
the Results section, such functionalities are distinguished with
a different color of rectangles denoting functional goals. For
completeness, in the Participate in Challenges subsection, we
also present user stories.

Mooses & Taveter

Results

Overview

The outcomes of the literature review, complemented according
to the opinions expressed by the experts, were represented by
the goal model shown in Figure 2. The highest-level goa
expressed by the goal model is that adolescents should move
or, in other words, be engaged in PA. Interms of health benefits,
PA should be performed actively and regularly because
according to the recommendations for PA [5], adolescents
should acquire every day aminimum of 60 minutes of moderate-
to vigorous-intensity PA. This is reflected by the actively and
regularly quality goals associated with the main goal. We also
attached the emotional goals feeling enjoyment and feeling fun
to the main goal, as there is an abundance of evidence that
enjoyment and fun contribute to increased PA among children
and youth [47,49,50,70-72]. The highest-level goal was
elaborated into seven subgoals, each representing a particular
aspect of achieving the highest-level goal, together with the
associated quality and emotional goals.

In the following five subsections, we will explain the seven
second-level functional goals represented in Figure 2 and their
subgoals along with the quality and emotional goals pertaining
to the functional goals.

Figure 2. Overal goal model for information and communication technology solutions supporting physical activity levels of adolescents. The“*” in
the model represents findings from the literature; the “#” represents suggestions by experts.

[ Actively*, 4,

Feel enjoyment
andfun

regularly®, #-, Adolescent -
J Move

Repm‘l
background
information *

Automatic &,

e aviares, Personal * 4

involved * &,
feel achievement
4

Report Background I nformation

The first activity when starting to use an ICT solution should
be providing background information to offer personalized
experience based on the adolescent’s personal objectives,
previous PA experience, age, or gender. Using information
provided by the adolescent allows the provision of messages
that are more relevant to the recipient, thereby reducing
information overload and supporting long-term engagement
[44,59-61], while receiving personalized encouraging messages
increases the effectiveness of the intervention [20,40]. A
qualitative study with students confirmed that tailored
information is preferred by young users [60]. Having sufficient
background information can be applied for nudging [75] and
directing users to healthier choices.

Set Goals, Monitor Activity, and Receive Feedback

Theinclusion of BCTsin ICT solutions for supporting PA has
been emphasized by several authors, as they seem to have a
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L/ == [=] |

Involved *, #
feel achievement

A Suppurt ve * 8,
_ attractive * %,
__easy-to-use” #

Participate in \ncreese
challenges#‘ { !qu activity # / ﬁ' awareness *

Involved ™, # Scientific ™, #

b { )
| Engaged *. & |

Varied#,
thrilled *#

achieveable#, *
challenging *,#
developing #

significant impact on the effectiveness of the solution
[15,21,22,40,41,45]. However, there is no consensus on the
optimal number of BCTsthat should beincluded in an effective
ICT solution. It has been pointed out that the inclusion of
multiple BCTsincreases the attractiveness and effectiveness of
the app [22,76]. At the same time, some reviews with adults
indicate that too many BCTs can have a negative impact on
effectiveness[62,77]. On average, six BCTs have beenincluded
in the apps aimed at children and adolescents [22], with the
most popular BCTsbeing provideinstructions, provide general
encouragement, provide contingent rewards [22], prompt
specific goal setting, prompt self-monitoring of behavior, and
provide feedback on performance [21,45]. The importance of
setting goals, monitoring activity, and receiving feedback was
also highlighted by the expertsinvolved in the modeling. Adding
these three BCTsto the | CT-based solution can have a positive
impact on the effectiveness of the solution [24,42,62]. The
experts also pointed out that the inclusion of the functionalities
set goals, monitor activity, and provide feedback on performance
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makes it possible to incorporate the ICT solution into teaching
activitiesat school (eg, physical education and health education
lessons), which would have multiple advantages. For example,
in addition to hel ping students gain knowledge about their actual
activity levels, incorporating the solution into in-school or
in-curricula activities has the potential to increase its
effectiveness [14,21] and ensure that less-motivated students
also use the solution [15].

Mooses & Taveter

On the basis of the literature review and feedback from the
experts, we added set goals, monitor activity, and receive
feedback as the second-level functional goals. The emotional
goals associated with these functional goals are be aware, feel
achievement, and involved. The second-level functional goals
are elaborated into sublevel functional goals, asshownin Figure
3.

Figure 3. Sublevel models for the functional goals “set goals,” “monitor activity,” and “receive feedback.” The “*” in the model represents findings
from the literature; the “#" represents suggestions by experts; gray rectangles represent functionalities at the level of user stories.

Actively* &,
regularly *,#

Supportive *, &,
attractive *, 4,
easy-to-use ¥, &)

|Feel achievement *, 4, | |
be aware®, #,
involved *, #

Setgoals*, #

Choose Set
predefined personal
goals# goals#

Setdeadline
for goals #

Setgoal

Mationally
approved #

Reasonable * #,
personal #

Transfer data from
wearable #

For the second-level functional goal, set goals, shownin Figure
3, we identified that it should be possible to select from among
predefined goals that are based on national and international
PA recommendations as well as define one's own goals. The
benefit of defining personalized goalsis that such goals match
the user’s abilities and daily routines [46,51,52,60] and offer a
sense of enjoyment from achieving one’'s own goals [53].
Personalized goals are especially useful when goals based on
national or international PA recommendations seem to be too
demanding and, because of this, constantly failing to reach them
would be demotivating. It isimportant that the goals that have
been set are achievable because perceived competencies are
associated with the feeling of fun [66], which, in turn, supports
the continuous usage of the ICT solution and behavior change.
Therefore, defining one’'s goals that seem redlistic and
achievabl e supports the self-efficacy, autonomy, and motivation
of adolescents. The importance of providing goal setting
functionality was also highlighted by students and adolescents
[52-54,60]. The experts pointed out that the possibility of setting
goals enables the solution to be incorporated more easily into
a school setting and use it in physical education lessons. As
achievement goals should be accompanied by deadlines and
sometimes it is beneficial to set subgoals with reasonable
increment steps, we believe that such functionalities should be
included in ICT solutions.

Goa setting functionality is strongly associated with the
self-monitoring functionality to evaluate compliance with the
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incrementstep#

:._ Feelenjoyment |
and fun
-8

o
m Adolescent

Mave

Automatic *, 4,
personal *, #

Monitor activity *, # Receive feedback *, #

|

View daily progress# Shareresults *, #

Insertdata
manually #

Calculate estimated
activity #

goals that have been set. In Figure 3, this functionality is
represented by the monitor activity's second-level functional
goal. On the basis of the literature, self-monitoring seemsto be
a functionality that is crucial in ICT solutions aimed at
supporting PA levels [24,42,54,60,62]. Young users value
self-monitoring as it helps to increase their awareness of the
actual PA levels and review their progress over time
[54,60,64,65], which, inturn, has been associated with increased
PA levels [43,64,78]. There are many ways to measure one's
PA by, for example, using subjective ratings and questionnaires
or objective datafrom pedometers, accel erometers, or heart rate
monitors. The strength of transferring data from wearable
trackers is to provide objective PA information that is more
accurate compared with the information obtained by means of
questionnaires and more comfortable gathering. The ICT
solution should connect with wearables from different
manufacturers and convert the datainto an easily understandable
format. However, activity trackers might underestimate some
activities (eg, skiing and cycling), or it can be impossible to
wear them during activities such as swimming and wrestling.
In addition, users sometimesforget to wear the tracker or forget
to start tracking at the beginning of the workout [55]. Therefore,
it is possible to manually enter training or activity datainto the
ICT solution.

The third second-level functional goal shown in Figure
3—receive feedback—is tightly associated with goal setting
and monitoring PA to evaluate performed activities and plan
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future ones. Providing feedback is a necessary feature pointed
out by young app users [51,54], and one way to increase
engagement with the solution [44] is to enhance the user’'s
motivation and self-efficacy [46]. Knowing that healthy PA
levels have been reached increase the feeling of being healthy
among adolescents [52]. However, the way feedback is given
should be carefully planned and targeted so that it would not
bring about negative emotions, such asguilt and disappointment
[60], which can discourage and cause dropout.

Sharing results was also added to the model as one of the
functional goal s because sharing can increase the motivation of
adolescents by receiving socia support. Sharing also increases
the feelings of belonging [46,56,64] and contributes positively
to the effectiveness of the solution [40]. According to the experts
involved in the modeling process, sharing can widen the usage
of an ICT solution because it can beincorporated into physical
education lessons by sharing the activity goals and results with
teachers. In such acase, the physical education teacher can also
serve as the provider of tailored feedback, thereby increasing
the motivation of the studentsto be physically active. However,
this possibility should be prevalidated with adolescents, as it
might be perceived by them as a controlling mechanism resulting
in aloss of autonomy, which can, in turn, cause resistance to
using the ICT solution by adolescents [52].

Mooses & Taveter

Participatein Challenges

Challenges and competitions have been found to be the elements
of game design that can increase engagement and reduce dropout
[44,53]. In addition, participating in challenges and competitions
increased the PA of the participants [46,63]. At the same time,
not all people are interested in participating in challenges and
competitions [12,40,46,52,53]. The studies indicate that
participation in challenges is associated with PA and
self-efficacy levels, asthose with higher activity levelsare more
prone to participate in challenges [46]. It has been pointed out
that competitors should have similar precompetition activity
levels so that the competition effect would not drop [63] as a
constant feeling of failure and no hope of winning reduces the
motivation of participants [52,53]. Therefore, in addition to
finding challenges, it should be possible to create groups of
participants with similar PA levelsor skills. Thisisreflected in
the goal model shown in Figure4. In addition, the ICT solution
should include a variety of challenges for adolescents with
different PA levels, interests, and skills, which make the
participants feel competent [12,47,50,66] and would support
their feeling of autonomy [50]. Moreover, the challenges have
to be versatile, as similar challenges become boring for
adolescents [53].

Figure 4. Sublevel models for the functional goa “participate in chalenges.” The “*” in the model represents findings from the literature; the “#’
represents suggestions by experts; gray rectangles represent functionalities at the level of user stories.
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As challenges that extensively prioritize only successful
performance can create subgroups of nonparticipants [56], it
was suggested by the expertsthat the challenges should involve
different kinds of targets. For example, in addition to finding
the most active participants, an achievable daily threshold of a
goal set by the adolescent should also be established with the
aim of reaching it on all or most of the days comprised by the
challenge. This approach would provide the participants with
the possibility to feedd a sense of achievement, increase
self-efficacy, and retain anticipation to reach the goal. Thisalso
complies with the views expressed by the adolescents that not
only excelling in particular sports but also merit of effort should

https://www.jmir.org/2021/5/€24810

View own
progress *, #

View comparison with
friends *, #

View comparison with
selected groups *, #

be awarded or noticed [12]. Moreover, focusing on achieving
healthy daily PA levelsinstead of maximum performance helps
to avoid extreme PA behaviorsthat have been reported by some
adolescents as aresult of participating in PA challenges[52].

Participating in challenges is a socia activity that involves
interactions with other participants. The evidence suggests that
participation in the challenges might be more effective when
friends are engaged because there is an abundance of evidence
that both the motivation to be active and actual PA levels are
increased when friends are involved [15,48,67-69]. Moreover,
it ismore fun to be physically active together with friends[47],
and peer involvement has been previoudly identified asafeature
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that adolescents like and use in ICT solutions [64]. Therefore,
one should be able to invite a group of friends with whom to
participate in the chalenge. This is reflected by the
corresponding fourth-level functional goal, Invite friends, shown
in Figure 4. Another way of interaction during the challengeis
to share information with coparticipants or a selected group of
people. This is represented in Figure 4 by the third-level
functional goals view results and rate the challenge. On the
basis of the literature review, sharing PA information with
familiar people supports PA levels, whereas sharing with
strangers seemsto beineffective[46]. There are mixed feelings
about comparing the results of meeting the challenge, similar
to the case of participating in challenges. Some users of ICT
solutions have found sharing demotivating when a comparison
is made with more active people, and they rather prefer to
compare themselveswith lower performersto obtain assurance
and confidence [55,60], whereas others find the comparison
with more active people motivating [55]. According to the
suggestions of the experts, we also complemented the goal
model shown in Figure 4 with the roles teacher and coach, so
that performers of these roles could incorporate suitable
challenges into their teaching activities and would be able to
view the outcomes.

Find Activity

According to a socioecological model [79], one's PA is also
influenced by the built environment. To increase the avareness
of PA opportunities available in the neighborhood, we have
added, based on the literature, the functional goals find nearby
playground, find near by sportsfacility, find training group, and
find sporting event. These functional goals along with their

Mooses & Taveter

subgoalsare presented in Figure 5. Although university students
considered the feature of providing information about facilities
and possibilities provided by the environment as unimportant
[55], the expertsinvolved in our study suggested that compiling
a comprehensive overview of the PA opportunities in the
neighborhood can support PA because free and easily accessible
sports and activities are more appealing to adol escents[12]. By
means of thisfeature, adolescents can also find placesto practice
nonorganized and lifestyle sports activities, such as workouts,
dackline, parkour, or skateboarding, which are becoming
increasingly popular among youth [80]. At the same time, this
type of feature can be beneficial for different stakeholders. For
example, among those who can benefit from such features are
parents who want to be active with their children, teachers and
coaches who want to find training places, coaches who want to
bevisibleto their target group, and expertsin public health who
would like to introduce different PAs to inactive adolescents.
In addition, representatives of the local government can also
benefit from these features, as the ICT solution can help to
identify the existing opportunities for PA and plan additional
devel opments, considering that both proximity and accessibility
of facilities affect participation in PA [47,57,66]. In addition,
the presence of green spaces has the potential to increase the
PA of children [81]. Therefore, the find activity feature would
help the local government to apply nudging [75] by making
healthy choices more accessible to the target group. Providing
a neighborhood with opportunities for PA also reduces
children’'s dependence on their parents, which has been
identified as one of the factors hindering adolescents from
participating in sports[12].

Figure5. Sublevel modelsfor functional goal “find activity.” The“*” inthe model representsfindings from theliterature; the“#" represents suggestions
by experts; gray rectangles represent functionalities at the level of user stories.
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It should be kept in mind that the preferences of adolescents
vary greatly—some prefer competitive and some others prefer
noncompetitive activities, and some prefer team sports and some
others prefer individual sports [12,47,58]. Moreover,
nonorganized and lifestyle sports activities are gaining
popularity among youth [80]. To support the PA of all
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adolescents, different types of sports with different levels of
competitiveness should be offered, as providing a choice can
increase the motivation and willingness to participate [50,56].
According to the qualitative studies, adolescents value activities
that are diverse, challenging, social, and support their autonomy
[50] and offer the possibility to try new activities [12,82].
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Adolescents should be able to distinguish between training
groups based on their expected level of skills (eg, beginners,
advanced, or high level) because joining atraining group with
more skilled participants lowers self-efficacy, reduces
motivation, and increases the odds of dropout.

I ncrease Awar eness

Current apps aimed at youth lack health content and concrete
recommendations[22,25], and only afew appsare aigned with
PA recommendations[22]. The need for evidence-based content
has been emphasized both by researchers [18,20,22] aswell as
by users of ICT solutions [54,60]. Therefore, one focus of an
I CT solution should be presenting the benefits of PA. This need
is reflected by the functional goal increase awareness and its
subgoals, along with the relevant quality and emotional goals,
as shown in Figure 6. This should not only include the benefits
for physical health but also the benefits for social and mental

Mooses & Taveter

health and academic achievements [1], which are less known
to the wider public according to the experts who were involved
in the goa modeling process of our study. In addition,
developing positive attitudes toward PA and informing
stakeholders on possible health gains can increase adherence
to ICT solutions[24,61]. Students al so reported that they would
like to receive tips on how to reach their achievement goals,
make activities more fun, exercise safely, and get
recommendations on when it is best to exercise [55].

The feature of increasing awareness should also include
providing advice on the interpretation of the collected data, as
adolescents tended to neglect the information about their PA
behaviors that they did not understand [52]. Providing support
for datainterpretation, especially at the outset of using the ICT
solution, may be of critical importance to encourage adol escents
to continue using the solution [64].

Figure 6. Sublevel modelsfor thefunctional goal “increase awareness.” The“*” inthe model represents findings from the literature; the “#” represents

suggestions by experts.
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Other Associated Aspects

To strengthen the effect of ICT solutions, attention should be
paid to the user experience and the usefulness of theinformation
provided, as both have been demonstrated to strengthen the
effect of the solution [46,69,83]. The need for a positive user
experience through a simple and well-ordered design that is
pleasant to use has a so been highlighted by the usersinvolved
in previous studies [43,46,54,60,69].

The opinions of adolescents concerning different gamification
elements are contradictory, as some studies with adolescents
have found rewarding to be an irrelevant feature [64], whereas
some other studies emphasize the importance of rewards [58].
It has been suggested that different gamification elements such
as avatars and rewards to achieve a goal or meet a challenge
increase the attractiveness of and engagement with an ICT
solution and reduce dropout [44,53]. It has also been pointed
out that rewards have the potential to foster motivation and
increase self-efficacy [46]. However, thelogic behind receiving
award points must be clear to the participants [55,69], and the
reward system should be carefully planned so that it would
support intrinsic motivations because intrinsically motivated
behaviors are derived from enjoyment and interest by the
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performer [64,84]. This, in turn, supports long-term behavior
changes [85]. Adolescents have pointed out that it is not just
the goal achievement that should be rewarded but also the
improvements and progress toward goal achievement [58].

It is widely accepted that the learning process should support
the autonomy of a child, as it affects the achievement and
motivation of the child [84,86]. The goa models proposed by
us include elements of support for al three categories of
autonomy: organizational, procedural, and cognitive. Support
for organizational autonomy involves students in decision
making on management issues [84], which in our goal models
is expressed by the possihilities to choose group members for
challenges or set dates for achievement goals. Support for
procedural autonomy enables one to choose their own way of
finding a solution [84], which isin our model addressed by, for
example, providing information about different PA opportunities
and challenges that the adolescent can choose from to achieve
their goals. Support for cognitive autonomy encourages student
ownership of the learning process and is considered the most
important type of autonomy to be supported in the learning
process [84]. Some examples of the features supporting
cognitive autonomy included by our goal models are providing
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feedback, enabling the formulation of personal goals, and
providing means to reach one’s goals independently.
Elaboration to User Stories

In this subsection, we describe how goal models can be further
elaborated to more detailed technical requirements for an ICT
solution in the form of user stories [39], which is one of the

Table 1. User storiesfor the submodel “Participate in challenges.”

Mooses & Taveter

most prevalent ways of representing requirements in agile
software engineering [73,74]. Table 1 presents user stories
associated with the submodel Participate in challenges shown
in Figure 4, following the user story format adapted from Cohn
[73], asfollows: “As a[user performing a certain rol€e], | need
[to perform action] to support [achieving a certain goal]”.

Role and action

Goal

Adolescent

Filter by intensity

Filter by duration

Filter by aim

Filter by rating

Invite friends to participate in challenges

View own progress

View comparison with friends

View comparison with selected groups
Coach or teacher

Filter by intensity

Filter by duration

Filter by aim

Filter by rating

Invite friends to participate in challenges

View comparison with friends

View comparison with selected groups

To find challenge
To find challenge
To find challenge
To find challenge
To create group
To view results
To view results

To view results

To find challenge
To find challenge
To find challenge
To find challenge
To create group
To view results

To view results

Feedback From Experts

The experts considered an agent-oriented goal model to be an
effective representation artifact to present the features that
support the PA of adolescents and facilitate an understanding
of the problem domain. The models created in our study also
proved to be eff ective communication tool s because expressing
the existing scientific evidence by means of clear and simple
goal models, together with just short explanations, helped the
experts to understand the ideas expressed by the models and
focus on analyzing and enhancing them. The created goal
models provide a good overview of the necessary features of
ICT solutions. The experts pointed out that although the notation
of the models was easy to understand, to fully understand the
presented ideas, additional information provided by the
researcher was useful. It was also highlighted that the goal
models created in the process could serve asinput for developing
ICT-based interventions because goal models presented all
important and evidence-based factorsin aholistic and systematic
way. This would make the agent-oriented goal modeling an
easily usable method for selecting and planning further
intervention activities.

https://www.jmir.org/2021/5/€24810

Discussion

Principal Findings

This study proposes a novel approach to create agent-oriented
goal models by combining a literature review and qualitative
information from experts. According to our experience, this
approach isapromising and feasible method for identifying the
functional, quality, and emotional goals of ICT solutions for
supporting PA in adolescents. The literature review conducted
by usasthefirst step enabled the collection of existing scientific
evidence and expressed it through holistic goal models capable
of representing functional, quality, and emotional aspects and
relationships between them. The resulting goal models hel ped
to obtain and present an overview of the existing problems and
possible solutions and easily communi cate them to nontechnical
experts. As aresult, the experts could focus on the aspects that
were missing from the models, and they did not have to spend
time or effort to point out the existing theories or previously
identified possibly effective features. Such an approach also
saved experts a lot of time, which is an important aspect
considering the need to retain fruitful cooperation with experts
and therefore cannot be underestimated. As most of the experts
involved had previous experience in implementing PA
interventions in a school setting or practical work experience
from school, they could focus on adding valuable knowledge
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from the field and pointing out aspects that have a high potential
to support the usability and effectiveness of ICT solutions in
the target group. Examples and experiences from rea life
provided by experts constitute invaluable information to better
understand the existing problems and possible solutions.

Several goals included by the goal models emerging from the
study indicate that ICT solutions aimed at supporting PA can
benefit greatly from applying machine learning methods. For
example, machine learning methods can contribute to a better
user experience by providing tailored advice and information.
Moreover, well-timed support by the ICT solution can reduce
the odds of exercise relapse or dropout [87]. In addition,
machine learning algorithms can help to adjust personalized
goals[87] or form adaptive goal sthat, according to randomized
controlled trials with adults [88,89], are more effective than
static goals. Therefore, future ICT devel opments should consider
applying different machine learning methods to support the PA
of users.

In this study, we preferred to conduct one-on-one interviews
with expertsinstead of workshops or focus groups, which were
often used in previous studiesto identify the functional, quality,
and emotional goalsto be represented by goal models[30,32].
The main reason for this decision wasthe COVID-19 situation,
which has set restrictions on physical indoor meetingsin larger
groups. Therefore, the interviews were conducted on the web
or outdoors, where the risk of infection was lower. Such an
approach certainly hasits advantages and disadvantages. During
one-on-one interviews, the experts were able to freely express
their opinions and ideas without being interrupted, having
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additional discussions, or experiencing the need to further justify
the ideas presented by them. In addition, the situation created
by COVID-19 enabled usto refrain from reinventing the wheel,
asthe starting point of the discussions consisted of goal models
created by the researcher based on athorough literature review.
On the other hand, workshops support the cocreation process
in which an idea or example by one stakeholder can be
developed further by the other stakeholders. The research
conducted by us was a pilot study, and further studies should
validate our findings and improve the goal modelswith awider
range of stakeholders, such as parents; coaches; and naturally,
the main target group—adol escents. However, we believe that
the models included in this study lay a strong foundation for
further development.

Conclusions

This paper presents the first attempt to create agent-oriented
goal modelsof ICT solutionsthat support the PA of adolescents
by combining evidence-based information and the opinions of
experts and practitioners. The desired ICT solutions have the
potential to contribute to the fight against low PA levels among
adolescentsby including in ICT solutionsthe features supported
by the evidence. The strength of the proposed modéd is, in
addition to including information from the scientific literature
and expertsin the field, a holistic and coherent presentation of
early functional, quality, and emotional requirements. Our
approach seems to be efficient in communicating the results of
literature reviews to experts and supporting collaboration with
nontechnical stakeholders. We believe that the created models
have a high potential to help requirements engineers and
devel opersto provide moreefficient ICT solutionsin thefuture.

The authors would like to thank all the experts who provided invaluable input to the models. This research was supported by the
Pilots for Healthy and Active Ageing (Pharaon) project (1.12.2019-30.11.2023) funded by the European Union’s Horizon 2020

research and innovation program under grant 857188.

Conflictsof Interest
None declared.

References

1.  Janssen|, Leblanc AG. Systematic review of the health benefits of physical activity and fitness in school-aged children
and youth. Int J Behav Nutr Phys Act 2010 May 11;7:40 [FREE Full text] [doi: 10.1186/1479-5868-7-40] [Medline:

20459784]

2. PoitrasVJ, Gray CE, Borghese MM, Carson V, Chaput J, Janssen |, et a. Systematic review of the relationships between
objectively measured physical activity and health indicators in school-aged children and youth. Appl Physiol Nutr Metab
2016 Jun;41(6 Suppl 3):197-239. [doi: 10.1139/apnm-2015-0663] [Medline: 27306431]

3. Strong WB, MainaRM, Blimkie CJ, Daniels SR, Dishman RK, Gutin B, et al. Evidence based physical activity for
school-age youth. J Pediatr 2005 Jun;146(6):732-737. [doi: 10.1016/].jpeds.2005.01.055] [Medline: 15973308]

4. Kaman M, Inchley J, Sigmundova D, lannotti R, Tynjald JA, Hamrik Z, et a. Secular trendsin moderate-to-vigorous
physical activity in 32 countries from 2002 to 2010: a cross-national perspective. Eur J Public Health 2015 Apr;25 Suppl
2:37-40. [doi: 10.1093/eurpub/ckv024] [Medline: 25805785]

5. World Health Organization. Global Recommendationson Physical Activity for Health. Geneva: World Health Organi sation;

2010.

6. Dumith SC, Gigante DP, Domingues MR, Kohl HW. Physical activity change during adolescence: a systematic review and
apooled analysis. Int J Epidemiol 2011 Jun 18;40(3):685-698. [doi: 10.1093/ije/dyg272] [Medline: 21245072]

7.  Collings P, Wijndaele K, Corder K, Westgate K, Ridgway C, Sharp S, et a. Magnitude and determinants of changein
objectively-measured physical activity, sedentary time and sleep duration from ages 15 to 17.5y in UK adolescents:. the

https://www.jmir.org/2021/5/€24810

JMed Internet Res 2021 | vol. 23 | iss. 5 | €24810 | p. 12
(page number not for citation purposes)


https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-7-40
http://dx.doi.org/10.1186/1479-5868-7-40
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20459784&dopt=Abstract
http://dx.doi.org/10.1139/apnm-2015-0663
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27306431&dopt=Abstract
http://dx.doi.org/10.1016/j.jpeds.2005.01.055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15973308&dopt=Abstract
http://dx.doi.org/10.1093/eurpub/ckv024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25805785&dopt=Abstract
http://dx.doi.org/10.1093/ije/dyq272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21245072&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Mooses & Taveter

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

ROOTS study. Int JBehav Nutr Phys Act 2015 May 14;12:61 [FREE Full text] [doi: 10.1186/s12966-015-0222-4] [Medline:
25971606]

TelamaR. Tracking of physical activity from childhood to adulthood: a review. Obes Facts 2009;2(3):187-195. [doi:
10.1159/000222244] [Medline: 20054224]

Sawyer SM, Afifi RA, Bearinger LH, Blakemore S, Dick B, Ezeh AC, et a. Adolescence: afoundation for future health.
Lancet 2012 Apr;379(9826):1630-1640. [doi: 10.1016/S0140-6736(12)60072-5]

Mannocci A, D'Egidio V, Backhaus|, Federici A, Sinopoli A, VardlaAR, et al. Arethere effective interventionsto increase
physical activity in children and young people? An umbrellareview. Int J Environ Res Public Health 2020 May
18;17(10):3528 [FREE Full text] [doi: 10.3390/ijerph17103528] [Medline: 32443505]

Matthews J, Win KT, Oinas-Kukkonen H, Freeman M. Persuasive technology in mobile applications promoting physical
activity: asystematic review. JMed Syst 2016 Mar;40(3):72. [doi: 10.1007/s10916-015-0425-x] [Medline: 26748792]
Carlin A, Murphy MH, Gallagher AM. Current influences and approachesto promote future physical activity in 11-13 year
olds: afocus group study. BMC Public Health 2015 Dec 21;15(1):1270 [ FREE Full text] [doi: 10.1186/s12889-015-2601-9]
[Medline: 26689932]

Gal 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]

Hamel LM, RobbinsLB. Computer- and web-based i nterventions to promote healthy eating among children and adolescents:
asystematic review. J Adv Nurs 2013 Jan 04;69(1):16-30. [doi: 10.1111/].1365-2648.2012.06086.x] [Medline: 22757605]
Mclintosh JR, Jay S, Hadden N, Whittaker PJ. Do e-Health interventions improve physical activity in young people: a
systematic review. Public Health 2017 Jul;148:140-148. [doi: 10.1016/j.puhe.2017.04.001] [Medline: 28482322]

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):€12053 [ FREE Full text] [doi: 10.2196/12053]
[Medline: 30888321]

Chen J, Wilkosz ME. Efficacy of technol ogy-based interventionsfor obesity prevention in adol escents: a systematic review.
Adolesc Health Med Ther 2014 Aug:159. [doi: 10.2147/ahmt.s39969]

Rose T, Barker M, Jacob CM, Morrison L, Lawrence W, Strommer S, et al. A systematic review of digital interventions
for improving the diet and physical activity behaviors of adolescents. J Adolesc Health 2017 Dec;61(6):669-677 [FREE
Full text] [doi: 10.1016/j.jadohealth.2017.05.024] [Medline: 28822682]

Lee AM, Chavez S, Bian J, Thompson LA, Gurka MJ, Williamson VG, et al. Efficacy and effectiveness of mobile health
technologiesfor facilitating physical activity in adolescents: scoping review. IMIR Mhealth Uhealth 2019 Feb 12;7(2):€11847
[FREE Full text] [doi: 10.2196/11847] [Medline: 30747716]

Shin'Y, Kim SK, Lee M. Mobile phone interventions to improve adolescents' physical health: a systematic review and
meta-analysis. Public Health Nurs 2019 Nov 28;36(6):787-799. [doi: 10.1111/phn.12655] [Medline: 31456259]

Lau PW, Lau EY, Wong DP, Ransdell L. A systematic review of information and communication technol ogy-based
interventions for promoting physical activity behavior change in children and adolescents. J Med Internet Res 2011 Jul
13;13(3):e48 [FREE Full text] [doi: 10.2196/jmir.1533] [Medline: 21749967]

Schoeppe S, Alley S, Rebar AL, Hayman M, Bray NA, Van Lippevelde W, et al. Appsto improve diet, physical activity
and sedentary behaviour in children and adolescents: areview of quality, features and behaviour change techniques. Int J
Behav Nutr Phys Act 2017 Jun 24;14(1):83 [FREE Full text] [doi: 10.1186/s12966-017-0538-3] [Medline: 28646889]
PopeL, Garnett B, Dibble M. Lessons|earned through the implementation of an eHealth physical activity gaming intervention
with high school youth. Games Health J 2018 Apr;7(2):136-142. [doi: 10.1089/g4h.2017.0164] [Medline: 29393679]
Brannon EE, Cushing CC. A systematic review: isthere an app for that? Trand ational science of pediatric behavior change
for physical activity and dietary interventions. J Pediatr Psychol 2015 May 13;40(4):373-384. [doi: 10.1093/jpepsy/jsul08]
[Medline: 25502745]

Schoffman DE, Turner-McGrievy G, Jones SJ, Wilcox S. Mobile apps for pediatric obesity prevention and treatment,
healthy eating, and physical activity promotion: just fun and games? Transl Behav Med 2013 Sep;3(3):320-325 [FREE
Full text] [doi: 10.1007/s13142-013-0206-3] [Medline: 24073184]

Mendoza A, Miller T, Pedell S, Sterling L. The role of users emotions and associated quality goals on appropriation of
systems: two case studies. In: Proceedings of the 24th Australasian Conference on Information Systems. 2013 Presented
at: 24th Australasian Conference on Information Systems; Dec 4-6, 2013; Melbourne p. 1-11 URL: https://people.
eng.unimelb.edu.au/tmiller/pubs/acis13.pdf

Slootmaker SM, Chinapaw MJ, Seidell JC, van Mechelen W, Schuit AJ. Accelerometers and internet for physical activity
promotion in youth? Feasibility and effectiveness of a minimal intervention [ISRCTN93896459]. Prev Med 2010
Jul;51(1):31-36. [doi: 10.1016/j.ypmed.2010.03.015] [Medline: 20380847]

Curumsing MK, Fernando N, Abdelrazek M, VasaR, Mouzakis K, Grundy J. Emotion-oriented requirements engineering:
a case study in developing a smart home system for the elderly. J Syst Softw 2019 Jan;147:215-229. [doi:
10.1016/j.jss.2018.06.077]

https://www.jmir.org/2021/5/e24810 JMed Internet Res 2021 | vol. 23 | iss. 5 | €24810 | p. 13

(page number not for citation purposes)


https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-015-0222-4
http://dx.doi.org/10.1186/s12966-015-0222-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25971606&dopt=Abstract
http://dx.doi.org/10.1159/000222244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20054224&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(12)60072-5
https://www.mdpi.com/resolver?pii=ijerph17103528
http://dx.doi.org/10.3390/ijerph17103528
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32443505&dopt=Abstract
http://dx.doi.org/10.1007/s10916-015-0425-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26748792&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-015-2601-9
http://dx.doi.org/10.1186/s12889-015-2601-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26689932&dopt=Abstract
http://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/10.1111/j.1365-2648.2012.06086.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22757605&dopt=Abstract
http://dx.doi.org/10.1016/j.puhe.2017.04.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28482322&dopt=Abstract
http://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/10.2147/ahmt.s39969
http://europepmc.org/abstract/MED/28822682
http://europepmc.org/abstract/MED/28822682
http://dx.doi.org/10.1016/j.jadohealth.2017.05.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28822682&dopt=Abstract
https://mhealth.jmir.org/2019/2/e11847/
http://dx.doi.org/10.2196/11847
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30747716&dopt=Abstract
http://dx.doi.org/10.1111/phn.12655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31456259&dopt=Abstract
http://www.jmir.org/2011/3/e48/
http://dx.doi.org/10.2196/jmir.1533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21749967&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-017-0538-3
http://dx.doi.org/10.1186/s12966-017-0538-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28646889&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2017.0164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29393679&dopt=Abstract
http://dx.doi.org/10.1093/jpepsy/jsu108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25502745&dopt=Abstract
http://europepmc.org/abstract/MED/24073184
http://europepmc.org/abstract/MED/24073184
http://dx.doi.org/10.1007/s13142-013-0206-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24073184&dopt=Abstract
https://people.eng.unimelb.edu.au/tmiller/pubs/acis13.pdf
https://people.eng.unimelb.edu.au/tmiller/pubs/acis13.pdf
http://dx.doi.org/10.1016/j.ypmed.2010.03.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20380847&dopt=Abstract
http://dx.doi.org/10.1016/j.jss.2018.06.077
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Mooses & Taveter

29.

30.

31.
32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

Miller T, Pedell S, Sterling L, Vetere F, Howard S. Understanding socially oriented roles and goal s through motivational
modelling. J Syst Softw 2012 Sep;85(9):2160-2170. [doi: 10.1016/j.js5.2012.04.049]

Taveter K, Sterling L, Pedell S, Burrows R, Taveter E. A method for eliciting and representing emotiona requirements:
two case studies in e-Healthcare. In: Proceedings of the |EEE 27th International Requirements Engineering Conference
Workshops (REW). 2019 Presented at: 2019 |EEE 27th International Requirements Engineering Conference Workshops
(REW); Sept. 23-27, 2019; Jeju, Korea (South). [doi: 10.1109/rew.2019.00021]

Sterling LS, Taveter K. The Art of Agent-Oriented Modeling. Cambridge: MIT Press; 2009:1-978.

LorcaA, Burrows R, Sterling L. Teaching motivational models in agile requirements engineering. In: Proceedings of the
| EEE 8th International Workshop on Requirements Engineering Education and Training (REET). 2018 Presented at: IEEE
8th International Workshop on Requirements Engineering Education and Training (REET); Aug. 21, 2018; Banff, AB,
Canada. [doi: 10.1109/reet.2018.00010]

Baxter G, Sommerville|. Socio-technical systems: from design methods to systems engineering. Interact Comput 2011
Jan;23(1):4-17. [doi: 10.1016/j.intcom.2010.07.003] [Medline: 25904163]

Sommerville . Software Engineering. 9th ed. London, UK: Pearson; 2010:1-792.

Miller T, Lu B, Sterling L, Beydoun G, Taveter K. Requirements elicitation and specification using the agent paradigm:
the case study of an aircraft turnaround simulator. |1EEE Trans Software Eng 2014 Oct 1;40(10):1007-1024. [doi:
10.1109/tse.2014.2339827]

Miller T, Pedell S, Lopez-LorcaAA, Mendoza A, Sterling L, Keirnan A. Emotion-led modelling for people-oriented
reguirements engineering: the case study of emergency systems. J Syst Softw 2015 Jul;105:54-71. [doi:
10.1016/j.js5.2015.03.044]

Shvartsman |, Taveter K, Parmak M, Meriste M. Agent-oriented modelling for simulation of complex environments. In:
Proceedings of the International Multiconference on Computer Science and Information Technology. 2010 Presented at:
International Multiconference on Computer Science and Information Technology; Oct. 18-20, 2010; Widla, Poland. [doi:
10.1109/imcsit.2010.5679731]

Shvartsman |, Taveter K. Agent-oriented knowledge elicitation for modeling the winning of "hearts and minds". In:
Proceedings of the Federated Conference on Computer Science and Information Systems (FedCSIS). 2011 Presented at:
Federated Conference on Computer Science and Information Systems (FedCSIS); Sept. 18-21, 2011; Szczecin, Poland.
Tenso T, Norta A, Rootsi H, Taveter K, Vorontsova l. Enhancing requirements engineering in agile methodologies by
agent-oriented goal models: two empirical case studies. In: Proceedings of the |EEE 25th International Requirements
Engineering Conference Workshops (REW). 2017 Presented at: |EEE 25th International Requirements Engineering
Conference Workshops (REW); Sept. 4-8, 2017; Lisbon, Portugal. [doi: 10.1109/rew.2017.24]

Quelly SB, Norris AE, DiPietro JL. Impact of mobile apps to combat obesity in children and adol escents: a systematic
literature review. J Spec Pediatr Nurs 2016 Jan;21(1):5-17. [doi: 10.1111/jspn.12134] [Medline: 26494019]

Bohm B, Karwiese SD, Bohm H, Oberhoffer R. Effects of mobile health including wearable activity trackersto increase
physical activity outcomes among healthy children and adolescents: systematic review. IMIR Mhealth Uhealth 2019 Apr
30;7(4):e8298 [FREE Full text] [doi: 10.2196/mhealth.8298] [Medline: 31038460]

Murray JM, Brennan SF, French DP, Patterson CC, Kee F, Hunter RF. Effectiveness of physical activity interventionsin
achieving behaviour change maintenance in young and middle aged adults: A systematic review and meta-analysis. Soc
Sci Med 2017 Nov;192:125-133. [doi: 10.1016/j.socscimed.2017.09.021] [Medline: 28965003]

Ridgers ND, McNarry MA, Mackintosh KA. Feasibility and effectiveness of using wearable activity trackersin youth: a
systematic review. IMIR Mhealth Uhealth 2016 Nov 23;4(4):e129 [FREE Full text] [doi: 10.2196/mhealth.6540] [Medline:
27881359

Monteiro-Guerra F, Rivera-Romero O, Fernandez-Luque L, Caulfield B. Personalization in real-time physical activity
coaching using mobile applications: a scoping review. |EEE J Biomed Health Inform 2020 Jun;24(6):1738-1751. [doi:
10.1109/jbhi.2019.2947243]

Dute DJ, Bemelmans WJ, Breda J. Using mobile apps to promote a healthy lifestyle among adolescents and students: a
review of the theoretical basis and lessons learned. IMIR Mhealth Uhealth 2016 May 05;4(2):e39 [FREE Full text] [doi:
10.2196/mhesalth.3559] [Medline: 27150850]

Hosseinpour M, Terlutter R. Your personal motivator iswith you: a systematic review of mobile phone applications aiming
at increasing physical activity. Sports Med 2019 Sep;49(9):1425-1447 [EREE Full text] [doi: 10.1007/s40279-019-01128-3]
[Medline: 31144235]

Casey MM, Eime RM, Payne WR, Harvey JT. Using a socioecological approach to examine participation in sport and
physical activity among rural adolescent girls. Qual Health Res 2009 Jul 25;19(7):881-893. [doi: 10.1177/1049732309338198]
[Medline: 19556398]

Jago R, Macdonald-WallisK, Thompson JL, Page AS, Brockman R, Fox KR. Better with abuddy: influence of best friends
on children’'s physical activity. Med Sci Sports Exerc 2011 Feb;43(2):259-265. [doi: 10.1249/M SS.0b013e3181edefaa)
[Medline: 20581714]

Wilson D, WilliamsJ, Evans A, Mixon G, Rheaume C. Brief report: aqualitative study of gender preferences and motivational
factorsfor physical activity in underserved adolescents. J Pediatr Psychol 2005;30(3):293-297. [doi: 10.1093/jpepsy/jsi039]

https://www.jmir.org/2021/5/e24810 JMed Internet Res 2021 | vol. 23 | iss. 5 | €24810 | p. 14

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.jss.2012.04.049
http://dx.doi.org/10.1109/rew.2019.00021
http://dx.doi.org/10.1109/reet.2018.00010
http://dx.doi.org/10.1016/j.intcom.2010.07.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25904163&dopt=Abstract
http://dx.doi.org/10.1109/tse.2014.2339827
http://dx.doi.org/10.1016/j.jss.2015.03.044
http://dx.doi.org/10.1109/imcsit.2010.5679731
http://dx.doi.org/10.1109/rew.2017.24
http://dx.doi.org/10.1111/jspn.12134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26494019&dopt=Abstract
https://mhealth.jmir.org/2019/4/e8298/
http://dx.doi.org/10.2196/mhealth.8298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31038460&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2017.09.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28965003&dopt=Abstract
http://mhealth.jmir.org/2016/4/e129/
http://dx.doi.org/10.2196/mhealth.6540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27881359&dopt=Abstract
http://dx.doi.org/10.1109/jbhi.2019.2947243
https://mhealth.jmir.org/2016/2/e39/
http://dx.doi.org/10.2196/mhealth.3559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27150850&dopt=Abstract
http://europepmc.org/abstract/MED/31144235
http://dx.doi.org/10.1007/s40279-019-01128-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31144235&dopt=Abstract
http://dx.doi.org/10.1177/1049732309338198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19556398&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0b013e3181edefaa
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20581714&dopt=Abstract
http://dx.doi.org/10.1093/jpepsy/jsi039
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Mooses & Taveter

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

Martins J, Marques A, Sarmento H, Carreiro da CostaF. Adolescents' perspectives on the barriers and facilitators of physical
activity: asystematic review of qualitative studies. Health Educ Res 2015 Oct 31;30(5): 742-755. [doi: 10.1093/her/cyv042]
[Medline: 26324394]

Coughlin SS, Whitehead M, Sheats JQ, Mastromonico J, Smith S. A review of smartphone applications for promoting
physical activity. Jacobs J Community Med 2016;2(1) [FREE Full text] [Medline: 27034992]

Goodyear VA, Kerner C, Quennerstedt M. Young peopl€'s uses of wearable healthy lifestyle technologies; surveillance,
self-surveillance and resistance. Sport Educ Soc 2017 Sep 22;24(3):212-225. [doi: 10.1080/13573322.2017.1375907]
Corepal R, Best P, O'Nelll R, Tully MA, Edwards M, Jago R, et a. Exploring the use of a gamified intervention for
encouraging physical activity in adolescents: a qualitative longitudinal study in Northern Ireland. BMJ Open 2018 Apr
20;8(4):€019663 [FREE Full text] [doi: 10.1136/bmjopen-2017-019663] [Medline: 29678971]

Dennison L, Morrison L, Conway G, Yardley L. Opportunities and challenges for smartphone applicationsin supporting
health behavior change: qualitative study. JMed Internet Res 2013 Apr;15(4):e86 [ FREE Full text] [doi: 10.2196/jmir.2583]
[Medline: 23598614]

Middelweerd A, van der Laan DM, van Stralen MM, Mallee 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;12:31 [FREE Full text] [doi: 10.1186/s12966-015-0189-1] [Medline: 25889577]

Brooks F, Magnusson J. Taking part counts; adolescents experiences of the transition from inactivity to active participation
in school-based physical education. Health Educ Res 2006 Dec 01;21(6):872-883. [doi: 10.1093/her/cyl006] [Medline:
16714367]

Moore JB, Jilcott SB, Shores KA, Evenson KR, Brownson RC, Novick LF. A qualitative examination of perceived barriers
and facilitators of physical activity for urban and rural youth. Health Educ Res 2010 Apr 18;25(2):355-367. [doi:
10.1093/her/cyg004] [Medline: 20167607]

Pope L, Garnett B, Dibble M. Engaging adol escents to inform the devel opment of a mobile gaming app to incentivize
physical activity. IMIR Res Protoc 2017 Aug 29;6(8):e161 [ FREE Full text] [doi: 10.2196/resprot.8113] [Medline: 28851676]
den Akker HO, Cabrita M, den Akker RO, Jones VM, Hermens HJ. Tailored motivational message generation: a model
and practical framework for real-time physical activity coaching. J Biomed Inform 2015 Jun;55:104-115 [FREE Full text]
[doi: 10.1016/j.jbi.2015.03.005] [Medline: 25843359]

Tong H, CoieraE, Laranjo L. Using amobile social networking app to promote physical activity: a qualitative study of
users perspectives. JMed Internet Res 2018;20(12):€11439. [doi: 10.2196/11439]

Yang X, Mal, Zhao X, Kankanhalli A. Factorsinfluencing user's adherence to physical activity applications: a scoping
literature review and future directions. Int JMed Inform 2020 Feb;134:104039. [doi: 10.1016/j.ijmedinf.2019.104039]
[Medline: 31865054]

Michie S, Abraham C, Whittington C, McAteer J, Gupta S. Effective techniques in healthy eating and physical activity
interventions: a meta-regression. Health Psychol 2009 Nov;28(6):690-701. [doi: 10.1037/a0016136] [Medline: 19916637]
Shameli A, Althoff T, Saberi A, Leskovec J. How gamification affects physical activity: large-scale analysis of walking
challengesin amobile application. In: Proceedings of the 26th International Conference on World Wide Web Companion.
2017 Presented at: WWW '17: 26th International World Wide Web Conference; April, 2017; Perth Australia p. 455-463.
[doi: 10.1145/3041021.3054172]

Ridgers ND, Timperio A, Brown H, Ball K, Macfarlane S, Lai SK, et al. Wearable activity tracker use among australian
adolescents: usability and acceptability study. IMIR Mhealth Uhealth 2018 Apr 11;6(4):e86 [FREE Full text] [doi:
10.2196/mhealth.9199] [Medline: 29643054]

Drehlich M, Naraine M, Rowe K, Lai SK, Salmon J, Brown H, et a. Using the technology acceptance model to explore
adolescents' perspectives on combining technologiesfor physical activity promotion within an intervention: usability study.
JMed Internet Res 2020 Mar 06;22(3):€15552 [FREE Full text] [doi: 10.2196/15552] [Medline: 32141834]

Humbert ML, Chad KE, Spink KS, Muhajarine N, Anderson KD, Bruner MW, et al. Factorsthat influence physical activity
participation among high- and low-SES youth. Qual Health Res 2006 Apr;16(4):467-483. [doi: 10.1177/1049732305286051]
[Medline: 16513991]

Finnerty T, Reeves S, Dabinett J, Jeanes Y M, Vogele C. Effects of peer influence on dietary intake and physical activity
in schoolchildren. Public Health Nutr 2009 Sep 01;13(3):376-383. [doi: 10.1017/s1368980009991315]

Salvy S, Roemmich JN, Bowker JC, Romero ND, Stadler PJ, Epstein LH. Effect of peers and friends on youth physical
activity and motivation to be physically active. J Pediatr Psychol 2009 Mar 24;34(2):217-225 [FREE Full text] [doi:
10.1093/jpepsy/jsn071] [Medline: 18617572)

Martin A, Caon M, Adorni F, Andreoni G, Ascolese A, Atkinson S, et al. A mobile phone intervention to improve
obesity-related health behaviors of adolescents across europe: iterative co-design and feasibility study. IMIR Mhealth
Uhealth 2020 Mar 02;8(3):€14118 [FREE Full text] [doi: 10.2196/14118] [Medline: 32130179]

Dishman RK, Motl RW, Saunders R, Felton G, Ward DS, Dowda M, et al. Enjoyment mediates effects of a school-based
physical-activity intervention. Med Sci Sports Exerc 2005 Mar;37(3):478-487. [doi: 10.1249/01.mss.0000155391.62733.a7]
[Medline: 15741848]

https://www.jmir.org/2021/5/e24810 JMed Internet Res 2021 | vol. 23 | iss. 5 | €24810 | p. 15

(page number not for citation purposes)


http://dx.doi.org/10.1093/her/cyv042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26324394&dopt=Abstract
http://europepmc.org/abstract/MED/27034992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27034992&dopt=Abstract
http://dx.doi.org/10.1080/13573322.2017.1375907
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=29678971
http://dx.doi.org/10.1136/bmjopen-2017-019663
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29678971&dopt=Abstract
http://www.jmir.org/2013/4/e86/
http://dx.doi.org/10.2196/jmir.2583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23598614&dopt=Abstract
http://www.ijbnpa.org/content/12//31
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://dx.doi.org/10.1093/her/cyl006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16714367&dopt=Abstract
http://dx.doi.org/10.1093/her/cyq004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20167607&dopt=Abstract
https://www.researchprotocols.org/2017/8/e161/
http://dx.doi.org/10.2196/resprot.8113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28851676&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(15)00048-9
http://dx.doi.org/10.1016/j.jbi.2015.03.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25843359&dopt=Abstract
http://dx.doi.org/10.2196/11439
http://dx.doi.org/10.1016/j.ijmedinf.2019.104039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31865054&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/10.1145/3041021.3054172
http://mhealth.jmir.org/2018/4/e86/
http://dx.doi.org/10.2196/mhealth.9199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29643054&dopt=Abstract
https://www.jmir.org/2020/3/e15552/
http://dx.doi.org/10.2196/15552
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32141834&dopt=Abstract
http://dx.doi.org/10.1177/1049732305286051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16513991&dopt=Abstract
http://dx.doi.org/10.1017/s1368980009991315
http://europepmc.org/abstract/MED/18617572
http://dx.doi.org/10.1093/jpepsy/jsn071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18617572&dopt=Abstract
https://mhealth.jmir.org/2020/3/e14118/
http://dx.doi.org/10.2196/14118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32130179&dopt=Abstract
http://dx.doi.org/10.1249/01.mss.0000155391.62733.a7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15741848&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Mooses & Taveter

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

85.

86.

87.

88.

89.

Dishman R, Sallis J, Orenstein D. The determinants of physical activity and exercise. Public Health Rep 1985;100(2):158-171
[FREE Full text] [Medline: 3920714]

Jago R, Brockman R, Fox KR, Cartwright K, Page AS, Thompson JL. Friendship groups and physical activity: qualitative
findings on how physical activity isinitiated and maintained among 10-11 year old children. Int JBehav Nutr Phys Act
2009 Jan 12;6(1):4 [FREE Full text] [doi: 10.1186/1479-5868-6-4] [Medline: 19138411]

Cohn M. User Stories Applied: For Agile Software Development. Boston, Massachusetts, United States: Addison-Wesley
Professional; 2004:1-304.

Paetsch F, Eberlein A, Maurer F. Requirements engineering and agile software devel opment. In: Proceedings of the Twelfth
| EEE International Workshops on Enabling Technologies: Infrastructure for Collaborative Enterprises, 2003. 2003 Presented
at: Twelfth IEEE International Workshops on Enabling Technologies: Infrastructure for Collaborative Enterprises, 2003;
June 11, 2003; Linz, Austria. [doi: 10.1109/enabl.2003.1231428]

Vallgarda S. Nudge: a new and better way to improve health? Health Policy 2012 Feb;104(2):200-203. [doi:
10.1016/j.healthpol.2011.10.013] [Medline; 22113151]

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

van Genugten G, Dusseldorp E, Webb TL, van Empelen P. Which combinations of techniques and modes of delivery in
internet-based interventions effectively change health behavior? A meta-analysis. JMed Internet Res 2016;18(6):€155
[FREE Full text] [doi: 10.2196/jmir.4218] [Medline: 27268104]

Gaudet J, Gallant F, Bélanger M. A fit of bit: minimalist intervention in adol escents based on a physical activity tracker.
JMIR Mhealth Uhealth 2017 Jul 06;5(7):€92 [FREE Full text] [doi: 10.2196/mhealth.7647] [Medline: 28684384]
Dahlgren G, Whitehead M. Policies and Strategies to Promote Social Equity in Health. Stockholm, Sweden: Ingtitute for
Futures Studies; 1991.

Gilchrist P, Wheaton B. The social benefits of informal and lifestyle sports: aresearch agenda. Int J Sport Policy Polit
2017;9(1):1-10. [doi: 10.1080/19406940.2017.1293132]

Sanders T, Feng X, Fahey PP, Lonsdale C, Astell-Burt T. Theinfluence of neighbourhood green space on children's physical
activity and screen time: findings from the longitudinal study of Australian children. Int J Behav Nutr Phys Act 2015 Sep
30;12(1):126 [FREE Full text] [doi: 10.1186/s12966-015-0288-z] [Medline: 26419752]

Corder K, Schiff A, Kesten JM, van Sluijs EM. Development of a universal approach to increase physical activity among
adolescents: the GoActive intervention. BMJ Open 2015 Aug 25;5(8):€008610 [FREE Full text] [doi:
10.1136/bmjopen-2015-008610] [Medline: 26307618]

Venkatesh V, Morris MG, Davis GB, Davis FD. User acceptance of information technology: toward a unified view. MI1S
Q 2003;27(3):425. [doi: 10.2307/30036540]

Stefanou CR, Perencevich KC, DiCintio M, Turner JC. Supporting autonomy in the classroom: ways teachers encourage
student decision making and ownership. Educ Psychol 2004 Jun;39(2):97-110. [doi: 10.1207/s15326985ep3902_2]

Ahn SJ, Johnsen K, Ball C. Points-based reward systems in gamification impact children's physical activity strategies and
psychological needs. Health Educ Behav 2019 Jun 24;46(3):417-425 [FREE Full text] [doi: 10.1177/1090198118818241]
[Medline: 30678507]

Reeve J, Halusic M. How K-12 teachers can put self-determination theory principlesinto practice. Theory Res Educ 2009
Jun 25;7(2):145-154. [doi: 10.1177/1477878509104319]

Zhou M, Fukuoka Y, Goldberg K, Vittinghoff E, Aswani A. Applying machine learning to predict future adherence to
physical activity programs. BMC Med Inform Decis Mak 2019 Aug 22;19(1):169 [FREE Full text] [doi:
10.1186/s12911-019-0890-0] [Medline: 31438926]

AdamsMA, SallisJF, Norman GJ, Hovell MF, Hekler EB, Perata E. An adaptive physical activity intervention for overweight
adults: arandomized controlled trial. PLoS One 2013 Dec;8(12):e82901 [ FREE Full text] [doi: 10.1371/journal .pone.0082901]
[Medline: 24349392]

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: arandomized controlled trial. J Med Internet Res 2016;18(2):e34 [FREE Full text]
[doi: 10.2196/jmir.5295] [Medline: 26860434]

Abbreviations

BCT: behavior change technique

ICT: information and communication technology
PA: physica activity

STS: sociotechnical system

https://www.jmir.org/2021/5/e24810 JMed Internet Res 2021 | vol. 23 | iss. 5 | €24810 | p. 16

(page number not for citation purposes)


http://europepmc.org/abstract/MED/3920714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3920714&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-6-4
http://dx.doi.org/10.1186/1479-5868-6-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19138411&dopt=Abstract
http://dx.doi.org/10.1109/enabl.2003.1231428
http://dx.doi.org/10.1016/j.healthpol.2011.10.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22113151&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://www.jmir.org/2016/6/e155/
http://dx.doi.org/10.2196/jmir.4218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27268104&dopt=Abstract
http://mhealth.jmir.org/2017/7/e92/
http://dx.doi.org/10.2196/mhealth.7647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28684384&dopt=Abstract
http://dx.doi.org/10.1080/19406940.2017.1293132
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-015-0288-z
http://dx.doi.org/10.1186/s12966-015-0288-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26419752&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=26307618
http://dx.doi.org/10.1136/bmjopen-2015-008610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26307618&dopt=Abstract
http://dx.doi.org/10.2307/30036540
http://dx.doi.org/10.1207/s15326985ep3902_2
http://europepmc.org/abstract/MED/30678507
http://dx.doi.org/10.1177/1090198118818241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30678507&dopt=Abstract
http://dx.doi.org/10.1177/1477878509104319
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-019-0890-0
http://dx.doi.org/10.1186/s12911-019-0890-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31438926&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0082901
http://dx.doi.org/10.1371/journal.pone.0082901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24349392&dopt=Abstract
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://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Mooses & Taveter

Edited by G Eysenbach; submitted 06.10.20; peer-reviewed by K Parker, KT Win; comments to author 18.11.20; revised version
received 28.12.20; accepted 02.04.21; published 19.05.21

Please cite as.

Mooses K, Taveter K

Agent-Oriented Goal Modelsin Devel oping Information Systems Supporting Physical Activity Among Adolescents: Literature Review
and Expert Interviews

J Med Internet Res 2021;23(5): 24810

URL: https://mww.jmir.org/2021/5/€24810

doi: 10.2196/24810

PMID:

©Kerli Mooses, Kuldar Taveter. Originaly published in the Journal of Medical Internet Research (https.//www.jmir.org),
19.05.2021. 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 origina work, first published in the Journa of Medical Internet Research, is properly cited. The complete bibliographic
information, a link to the original publication on https.//www.jmir.org/, as well as this copyright and license information must
be included.

https://www.jmir.org/2021/5/e24810 JMed Internet Res 2021 | vol. 23 | iss. 5 | €24810 | p. 17
(page number not for citation purposes)

RenderX


https://www.jmir.org/2021/5/e24810
http://dx.doi.org/10.2196/24810
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

