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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, we test the suitability of agent-oriented goal models in this type
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. The identified goals were presented in the form of goal models. These models were 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: The results indicated that agent-oriented goal modeling is a 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 a literature 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 models have high potential to help requirements engineers and developers to provide more efficient ICT solutions
that support PA among adolescents in the future.

(J Med Internet Res 2021;23(5):e24810) 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 a school setting [10], where it 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 as well
as by the vast possibilities of information and communication
technologies (ICTs) that enable more individualized behavior
change interventions [10]. It is also 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 adolescents themselves, 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
[10,13-20], 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 all ICT interventions have been proven to be effective
or successful [22,23]. It has been pointed out that a stronger
collaboration between scientists and technologists who develop
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
requirements engineering phase helps to elicit evidence-based
functional, quality, and emotional requirements for ICT-based
intervention solutions that have the potential to support the
behavioral change of the target group. Such collaboration with
scientists and experts would also 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 functional 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

unappealing to the target group has been marked as a significant
cause of dropout and low levels of involvement in previous
interventions [23,27]. Therefore, it is crucial 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
stakeholders 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 developers.

Agent-Oriented Goal Modeling
One method for presenting emotional requirements for
sociotechnical systems (STSs) is agent-oriented goal modeling
[29-32]. STS is a software-intensive system that has defined
operational processes followed 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 adolescents fit into the category
of STSs. Agent-oriented goal 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, whereas it is not yet important
who or what does it. A distinct feature of motivational modeling
is its 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 emotional goals
[30-32,35,36]. Agent-oriented goal modeling has been applied
previously in several studies, which have shown that this
approach is suitable and comfortable for 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 final 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 goal 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 development process. Often, the creation
of goal models includes a workshop or focus group with
stakeholders to identify functional, quality, and emotional goals
and the roles required 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
evidence is emerging with regard to the features and factors that
increase the 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 pilot 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
workshops would 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:

• Identification of evidence-based features of ICT solutions
that have the potential to support the behavioral change and
PA of adolescents based on a literature review

• Development of initial goal models
• Inclusion of experts, model validation, and improvement

Literature Review
First, we identified 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 articles in 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
ICT-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 also 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 BCTs was mostly elicited from studies
or reviews describing ICT solutions using BCTs [22,25,44-46].
Finally, qualitative studies helped to identify possible facilitators
and barriers perceived by the adolescents themselves
[7,12,23,47-58].

Textbox 1. Search topics and keywords.

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

• “(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]))”

Search: 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 studies to identify factors valued 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 Initial Goal Models
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 a functional 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. Feel goals are emotional goals that 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 simple graph in which the functional goals are

rendered in a tree-like hierarchy. In the hierarchical goal model,
each subgoal represents a particular aspect of achieving its
parent goal. The functional goals are represented with tilted
rectangles, whereas roles, quality, and emotional goals are
attached to the appropriate functional goals and 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 STS in a holistic manner [30-32,35,36].
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Figure 1. Notation for goal modeling.

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

The features identified from the literature were combined into
a hierarchical 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 functional goals. These first-level
functional goals 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

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 (#).

The goal models can be further elaborated into the format of
user stories [39], which is one of the most prevalent ways of
representing requirements in agile software engineering [73,74].
We made use of the following format of user stories, which has
been adapted from Cohn [73]: “As a [user performing a certain
role], I need [to perform action] to support [achieving a certain
goal]”. We will introduce an example of elaborating goal models
into user stories in the Elaboration to User Stories subsection.
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Textbox 2. Initial goals identified from the literature.

Functional goals

1. Report background information [20,40,44,59-61]

2. Set goals [21,24,42,45,52-54,60,62]

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

4. Receive feedback [21,24,42,45,51,54,62]

5. Participate in challenges [44,46,53,63]

6. Increase awareness [54,60,64,65]

7. Select challenge [12,47,50,66]

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

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

10. View results [55,60]

11. View comparison with others [46,55,56,60,64]

12. Show health benefits [22,55]

13. Receive activity suggestions [22,55]

14. Receive links to materials [22,55]

15. Help to interpret the data [52,64]

Quality goals

1. Actively [5]

2. Regularly [5]

3. Personal [21,45,46,51,52,60]

4. Achievable [12,47,50,53,66]

5. Challenging [12,47,50,66]

6. Scientific [18,20,22,54,60]

7. Supportive [22]

8. Attractive [43,46,54,60,69]

9. Easy-to-use [43,46,54,60,69]

10. Automatic [43,46,54,60,69]

Emotional goals

1. Enjoyment [47,49,50,53,70-72]

2. Fun [47,49,50,66,70-72]

3. Involved [44,46]

4. Feel achievement [53,66]

5. Engaged [44,46,53,56,64]

6. Thrilled [53]

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

Inclusion of Experts, Model Validation, and
Improvement
The initial goal models were validated by the experts. Although
previous studies with 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

consulted sports scientists and physical education experts (n=5)
to identify the features of ICT-based interventions that can
support the PA of adolescents. Some of the included experts
had previous experience in the development and implementation
of PA interventions in a school setting; therefore, they could
highlight several aspects and experiences from the field. All the
included experts were also parents, which enabled them to
reflect the expectations of parents. The initial goal models were
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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, the interviewees’ thoughts about the
goal 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 interviews were conducted by the same researcher.

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.

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 goal
expressed by the goal model is that adolescents should move
or, in other words, be engaged in PA. In terms of health benefits,
PA should be performed actively and regularly because
according to the recommendations for PA [5], adolescents
should acquire every day a minimum 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. Overall 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.

Report Background Information
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
The inclusion of BCTs in ICT solutions for supporting PA has
been emphasized by several authors, as they seem to have a

significant impact on the effectiveness of the solution
[15,21,22,40,41,45]. However, there is no consensus on the
optimal number of BCTs that should be included in an effective
ICT solution. It has been pointed out that the inclusion of
multiple BCTs increases 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 been included
in the apps aimed at children and adolescents [22], with the
most popular BCTs being provide instructions, 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 experts involved in the modeling. Adding
these three BCTs to the ICT-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
activities at school (eg, physical education and health education
lessons), which would have multiple advantages. For example,
in addition to helping 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].

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, as shown in 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.

For the second-level functional goal, set goals, shown in 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 goals is 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 is important 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 realistic and
achievable 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.

Goal setting functionality is strongly associated with the
self-monitoring functionality to evaluate compliance with the

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 seems to 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, in turn, 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 data from pedometers, accelerometers, 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 data into 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 sometimes forget 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 data into 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 as guilt and disappointment
[60], which can discourage and cause dropout.

Sharing results was also added to the model as one of the
functional goals because sharing can increase the motivation of
adolescents by receiving social 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 be incorporated into physical
education lessons by sharing the activity goals and results with
teachers. In such a case, the physical education teacher can also
serve as the provider of tailored feedback, thereby increasing
the motivation of the students to be physically active. However,
this possibility should be prevalidated with adolescents, as it
might be perceived by them as a controlling mechanism resulting
in a loss of autonomy, which can, in turn, cause resistance to
using the ICT solution by adolescents [52].

Participate in 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, as those with higher activity levels are 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 levels or skills. This is reflected in
the goal model shown in Figure 4. 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 goal “participate in challenges.” The “*” in the model represents findings from the literature; the “#”
represents suggestions by experts; gray rectangles represent functionalities at the level of user stories.

As challenges that extensively prioritize only successful
performance can create subgroups of nonparticipants [56], it
was suggested by the experts that 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 feel a sense of achievement, increase
self-efficacy, and retain anticipation to reach the goal. This also
complies with the views expressed by the adolescents that not
only excelling in particular sports but also merit of effort should

be awarded or noticed [12]. Moreover, focusing on achieving
healthy daily PA levels instead of maximum performance helps
to avoid extreme PA behaviors that have been reported by some
adolescents as a result of participating in PA challenges [52].

Participating in challenges is a social 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 is more fun to be physically active together with friends [47],
and peer involvement has been previously identified as a feature
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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 challenge. This is reflected by the
corresponding fourth-level functional goal, Invite friends, shown
in Figure 4. Another way of interaction during the challenge is
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 seems to be ineffective [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 themselves with lower performers to 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 awareness
of PA opportunities available in the neighborhood, we have
added, based on the literature, the functional goals find nearby
playground, find nearby sports facility, find training group, and
find sporting event. These functional goals along with their

subgoals are 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 experts involved 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 adolescents [12]. By
means of this feature, adolescents can also find places to practice
nonorganized and lifestyle sports activities, such as workouts,
slackline, 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
be visible to their target group, and experts in 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
developments, 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].

Figure 5. Sublevel models for functional goal “find activity.” The “*” in the model represents findings from the literature; the “#” represents suggestions
by experts; gray rectangles represent functionalities at the level of user stories.

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

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 a training group with
more skilled participants lowers self-efficacy, reduces
motivation, and increases the odds of dropout.

Increase Awareness
Current apps aimed at youth lack health content and concrete
recommendations [22,25], and only a few apps are aligned with
PA recommendations [22]. The need for evidence-based content
has been emphasized both by researchers [18,20,22] as well as
by users of ICT solutions [54,60]. Therefore, one focus of an
ICT 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

health and academic achievements [1], which are less known
to the wider public according to the experts who were involved
in the goal 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 also 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 data interpretation, especially at the outset of using the ICT
solution, may be of critical importance to encourage adolescents
to continue using the solution [64].

Figure 6. Sublevel models for the functional goal “increase awareness.” The “*” in the model represents findings from the literature; the “#” represents
suggestions by experts.

Other Associated Aspects
To strengthen the effect of ICT solutions, attention should be
paid to the user experience and the usefulness of the information
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 also been highlighted by the users involved
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, the logic 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

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 goal models proposed by
us include elements of support for all 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 possibilities 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 is in 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

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], as follows: “As a [user performing a certain role], I need
[to perform action] to support [achieving a certain goal]”.

Table 1. User stories for the submodel “Participate in challenges.”

GoalRole and action

Adolescent

To find challengeFilter by intensity

To find challengeFilter by duration

To find challengeFilter by aim

To find challengeFilter by rating

To create groupInvite friends to participate in challenges

To view resultsView own progress

To view resultsView comparison with friends

To view resultsView comparison with selected groups

Coach or teacher

To find challengeFilter by intensity

To find challengeFilter by duration

To find challengeFilter by aim

To find challengeFilter by rating

To create groupInvite friends to participate in challenges

To view resultsView comparison with friends

To view resultsView comparison with selected groups

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 effective communication tools 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 as input for developing
ICT-based interventions because goal models presented all
important and evidence-based factors in a holistic and systematic
way. This would make the agent-oriented goal modeling an
easily usable method for selecting and planning further
intervention activities.

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 is a promising and feasible method for identifying the
functional, quality, and emotional goals of ICT solutions for
supporting PA in adolescents. The literature review conducted
by us as the first 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 helped
to obtain and present an overview of the existing problems and
possible solutions and easily communicate them to nontechnical
experts. As a result, 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 real 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 goals that, according to randomized
controlled trials with adults [88,89], are more effective than
static goals. Therefore, future ICT developments 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 experts instead of workshops or focus groups, which were
often used in previous studies to identify the functional, quality,
and emotional goals to be represented by goal models [30,32].
The main reason for this decision was the COVID-19 situation,
which has set restrictions on physical indoor meetings in larger
groups. Therefore, the interviews were conducted on the web
or outdoors, where the risk of infection was lower. Such an
approach certainly has its advantages and disadvantages. During
one-on-one interviews, the experts were able to freely express
their opinions and ideas without being interrupted, having

additional discussions, or experiencing the need to further justify
the ideas presented by them. In addition, the situation created
by COVID-19 enabled us to refrain from reinventing the wheel,
as the starting point of the discussions consisted of goal models
created by the researcher based on a thorough 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 models with a wider
range of stakeholders, such as parents; coaches; and naturally,
the main target group—adolescents. 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 models of ICT solutions that 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
adolescents by including in ICT solutions the features supported
by the evidence. The strength of the proposed model is, in
addition to including information from the scientific literature
and experts in 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
developers to provide more efficient ICT solutions in the future.
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