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ABSTRACT
The use of fitness apps (some based on behavior change theories) is
increasing. Recently a taxonomy mapped app features to the Basic
Psychological Needs (BPNs) posited by the Self-Determination The-
ory (SDT), providing the opportunity to inform the design of fitness
apps by this theory of human motivation. However, it is unknown
if the user’s perceptions of such SDT-based design would support
the BPNs. This is important as the SDT states that interventions
supporting the BPNs produce long-term benefits. Following the
taxonomy of app features based on SDT, we designed and developed
Agon, an iPhone app. We deployed the app through a one-month
field study involving 49 participants. The study allowed participants
to use the app in their everyday lives, providing sufficient exposure
for us to capture meaningful perceptions. This work contributes
empirical evidence that the features included in our design correctly
mapped to the Basic Psychological Needs. We discuss implications
for researchers and designers targeting effective interventions.
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1 INTRODUCTION
Many people around the world use apps on their smartphones
(e.g., MyFitnessPal [63], Endonomdo [20]) to monitor their physical
exercises and improve their level of physical activity. Recent rep-
resentative surveys show that over 100k smartphone health apps
available worldwide, and 500M users use mobile health applications
to keep track of their everyday activities [19, 26]. In this paper, we
refer to this group of applications as behavior change apps, as these
have been explicitly designed to foster and assist behavior change
and sustainment [34, p. 3308]. Behavior change apps incorporate
various features to modify users’ behavior, many of which are used
simultaneously (e.g., goal-setting, performance sharing, reminders).

Recently, researchers started to question the usefulness and ef-
ficacy of some of these apps [11, 24, 35, 56], and call for further
exploration in the area, for example, looking at the optimal number
and combination of app features [55].

Given that commercial apps, in most cases, incorporate multiple
features, they are often unsuited for controlled experiments as it
remains challenging to identify the effects of the individual features
on one’s behavior. This identification would be necessary to design
more effective and efficient behavior change apps.

Furthermore, prior research has not extensively explored users’
perceptions of behavior-change apps on a minimal set of behavior
change features based on established behavioral change theories.
Users’ perceptions can be seen as good predictors of engagement,
motivation and well-being [52, p.20,p.213] [47]. Therefore, captur-
ing and understanding the users’ perception can offer researchers
valuable insights into how technological features might influence
users’ behavior. This marks a salient motivation of our work.

In this study, we design, develop, and deploy Agon, a step-
counter app for smartphones. This app’s design is grounded on
the Self-Determination Theory (SDT), a human motivation theory
that focuses on the types and sources of motivation that impact
behavior. The SDT has been successfully applied across multiple
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life domains (e.g., see [16] for a review). The theory posits that
human beings have three basic psychological needs (BPNs): au-
tonomy, competence, and relatedness (we will define them in the
next section). Furthermore, the theory states that the satisfaction
of the BPNs is a requirement for optimal development, integrity,
and well-being [52, p.242]. Recently a taxonomy [66] mapped app
features to these BPNs, providing a tool for designers to evaluate
how app features may motivate individuals towards their goals.

As a first attempt to design SDT-informed app features, we build
on this taxonomy and create Agon. This app incorporates three
distinctive features: (1) goal setting to support autonomy; (2) history
to support competence; and (3) peers comparison (in the form of
step-counts) to support relatedness. We hypothesized that in a lon-
gitudinal deployment, participants would perceive support to the
BPNs and feel motivated towards the target activity (i.e., walking
or running). We then formulated the following research question:
RQ: What are the individuals’ perceptions about the hypothe-

sized app features that aim to support autonomy, compe-
tence, and relatedness when it comes to improving their
physical activity?

We conducted a field study of the app that spanned 4 weeks
to address this research question. We recruited 49 participants for
the study. We asked our participants to fill a diary documenting
positive and negative experiences. Subsequently, we invited 15 of
them to a follow-up contextual interview to better understand their
experience with the app and their reflections. Our results indicated
that: participants experienced feelings of being autonomous when
setting a step goal; also the use of the app provoked participants
reflections, self-evaluations, and contemplation of their physical
activity routines; finally, the design of the relatedness feature elicit
feelings of companionship, comparison, and competition, but not
feelings of being connected to each other, as we initially expected.

We contribute a novel design of a fitness app derived directly
from the app features’ taxonomy based on the SDT. This app was
intentionally designed to support autonomy, competence, and re-
latedness towards the goal of improving the individuals’ physical
activity levels. This study also contributes qualitative empirical
evidence of the users’ perceptions of how the app supported their
BPNs. We support app designers with suggestions on how to im-
prove the design of features that aim to support the BPNs.

2 BACKGROUND AND RELATEDWORK
Our work lies at the intersection of two principal research areas:
(i) a contemporary theory of motivation (i.e., Self-Determination
Theory) and (ii) empirical research in HCI on designing behavior
change app features to support physical activity.

2.1 Self-Determination Theory
The SDT posits that people have different levels or amounts of mo-
tivation to perform a specific activity. It also states that people
have different types of orientation of motivation i.e. the underly-
ing attitudes, goals and values that give rise to action [15]. These
types are classified as intrinsic and extrinsic motivation. Intrinsic
motivation refers to doing an activity because the person finds it
inherently interesting or enjoyable (e.g., reading a book). Extrinsic
motivation refers to doing an activity because it leads to a separate

outcome (e.g., preparing for an exam). Therefore, different types of
motivation differ in the sources that initiate them, in magnitude, in
affects, and in the experiences of the individual and their behavioral
consequences [52, p. 14].

Moreover, intrinsically motivated behaviors are autonomous and
experienced as being volitional. In contrast, extrinsically motivated
behaviors can vary widely in the degree to which they are controlled
versus autonomous [50]. For example, a student may be extrinsically
motivated to study for an exam to avoid the punishment of parents
but also could be motivated because they observe a valued outcome
(i.e., getting a degree).

More specifically, the SDT affirms that the extrinsic motivation
can be internalized and that the degree of internalization demon-
strates the degree to which the behavioral regulation is relatively
autonomous versus controlled [52, p. 14]. Consequently, the SDT
introduces a control–autonomy continuum to explain this internal-
ization process. It spans from amotivation (or absence of intention
to act) to external regulation (to obtain a reward) to introjected regu-
lation (to avoid guilt) to identification (accepted external regulation)
to integration (self-determined action).

Additionally, the SDT explains that these –previouslymentioned–
extrinsic motivation types can urge a person to behave a certainway
in the short-term but will fail to maintain the behavior over more
extended periods [15]. As a result, behavior-change interventions
designed for extrinsic motivation types may not sustain the new
behavior after the intervention ends.

Mainly, the theory describes three Basic Psychological Needs (or
BPN), that when satisfied by the contextual conditions, leads to a
self-determined action.

In this work, we adopt the following definitions for each BPNs:
(1) Autonomy “refers to feeling willingness and volition with

respect to one’s behavior. The need for autonomy describes
the need of individuals to experience self-endorsement and
ownership of their actions.” [52, p. 86]

(2) Competence “refers to feeling effective in one’s interactions
with the social environment–that is, experiencing opportuni-
ties and support for the exercise, expansion, and expression
of an individual’s capacities and talents.” [52, p. 86]

(3) Relatedness “refers to both experiencing others as responsive
and sensitive and being able to be responsive and sensitive
to them–that is, feeling connected and involved with others
and having a sense of belonging.” [52, p. 86]

In our work, we set to understand how the BPNs constructs
could inform the design of a mobile app to support physical activity
and, subsequently, elicit the users’ perceptions of them.

2.2 Behavior Change App Features
2.2.1 Goal-Setting. Researchers have created various implemen-
tations of goal-setting features in smartphone apps. For example,
Consolvo et al.[8] devised and field-tested an interactive proto-
type for mobile devices where the step goal was determined based
on 1-week data of previously recorded users’ step activity. Subse-
quently, they [10] developed yet another mobile phone prototype,
which offers participants to specify their physical activity goals by
themselves. Later, Munson et al. [42] experimented with a physical
activity mobile app where users selected predefined categories in
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which their weekly physical activity goals fit best. More recently,
Gouveia et al. [28], developed Habito, a step-tracking app, which
defines two goal-setting mechanisms: one in which users estab-
lished the daily distance they want to walk and a second one in
which the app offered a default walking distance. Hartzler et al.
[33] developed NutriWalking, an app, which offered personalized
daily exercise goals. Their goal-setting feature suggested options
with exercise duration, based on participants’ self-reported baseline
level of physical activity.

Finally, other previous research efforts identified the components
of appropriate goal-setting strategies to support physical activity.
They suggest tailoring the goal difficulty to the user’s ability level
and re-evaluating the goals based on achievements to increase the
qualities of the goal-setting functionality [3]. In sum, this research
strand focused on a technological mechanism to self-set goals by
selecting from a list of options or inputting the objective directly.
In light of this prior research, our work explores how providing
participants with information about their physical activity (e.g., pre-
vious week’s daily average step-counts) and suggesting goals based
on their performance can help them make an informed decision
concerning their goals.

2.2.2 ProgressMonitoring. Researchers followed different approaches
to communicate app users their activity progress. For example, in
their UbiFit system, Consolvo et al. [10] used a garden metaphor
that blooms throughout the week as users conduct their physical
activities. Harries et. al [31] presented a step-tracking mobile phone
app where participants could see their total daily steps (in a numer-
ical form and in the form of line graphs to overview weekly step
progress) after a running workout. Their participants also had the
option of viewing step data for the previous day, past week, and
their history. Munson et al. [42] explored various progress visual-
izations: included bar and line charts with completion percentages
of the user’s goals. Sankaran et al. [54] developed a specific app
for cardiac tele-rehabiliatation: the participants monitored their
progress on a horizontal progress bar with an animated person
running towards the goal. Oyibo et al. [44] in their BEN’FIT system
adopted a horizontal bar to show the users’ weekly physical activity
levels. In sum, this research strand focused on the use of visual ele-
ments or graphs to communicate activity progress to its users. We
aim to extend this research by investigating how a text-based list
of steps counts with a temporal component can help participants
relate their activity performance with their day-to-day activities.

2.2.3 Peers Comparison. Several prior research efforts developed
interactive prototypes to encourage physical activity, exploiting
various social support strategies and techniques. One of them is
Houston [8], a mobile application that shares step-counts with
friends in the form of achieved activity levels and progress towards
the goal. Its field deployment suggested that the participants felt
social pressure to achieve a given objective since they did not want
to be the last in a leader-board list or wanted to perform better
than a friend from the list. Colusso et al. [7] studied the concept
of closeness to comparison in the context of a video game, where
participants compared their scores (using bar graphs) to the one
they compete with. Hartzler et al. [33] in their NutriWalking
app incorporated an exercise feature with teams of 10 members,
a digital “coach”, and free-form interaction through team posts

and private peer-to-peer messaging. Altmeyer et al. [2] presented
a gamified system consisting of a physical activity tracker, a mo-
bile application, and a publicly-accessible (web) application. They
demonstrated that social sharing of personal step counts increased
the overall number of steps for an individual, arguing that the pub-
lic disclosure increased the participants’ level of responsibility. In
sum, this strand of the research focused on reflective strategies to
mindfully motivate people to exercise more, and confirmed that
sharing physical activity-related details with peers not only con-
tributes to the overall user experience and enjoyment of workouts
(e.g., [42, 69]) but can also be a powerful motivator for health activ-
ities at large (e.g., [21, 62]).

Collectively, prior research endeavors were not necessarily
grounded to a motivational theory to create behavior changemobile
applications and evaluate users’ motivation and attitude towards
physical activity (e.g., [40]). Whereas our work specifically adopts
the SDT to develop a mobile application (to facilitate an increase in
physical activity) and explore the users’ perceptions on supporting
features for the BPNs: autonomy, competence, and relatedness. This
marks the novelty of our contribution.

3 RESEARCH PROTOTYPE
3.1 Design Process and Rationale
Our goal was to design a steps-tracking app with a minimal set of
functionalities that support the BPNs as posited by the SDT. We
started the design process by studying the examples of apps and
the characteristics of the features presented in the taxonomy of
behavior change apps features based on SDT [66]. Then, we filtered
by high coverage of taxonomy features and picked the top 2 of
each BPNs (we did not limit our choice to one feature to avoid any
bias or prejudice towards any feature). Then, we discarded from
this selection: Reminders as it uses an overcrowded communication
channel; and Performance Sharing as its implementation may dis-
close the participants’ identity. Finally, the selected feature-set was:
Goal Setting, Activity Feedback, History, and Peers Comparison. Next,
we used these categories as the foundation for our design process,
which we describe in the following paragraphs.

3.1.1 Initial Approach. We considered the Goal Setting taxonomy
category as the foundation of Agon’s autonomy support feature.
This category describes apps that prompt the user directly with
their goals [66]. In our approach, Agon calculates the user’s daily
average steps using past logs. Then, it displays this information to
the user and suggests a percentage increase of this daily average.
The user can accept or deny this proposition (see Figure 1a). We
considered this design might support autonomy because it provides
information to the user, suggests a concrete goal, and provides an
option to accept or refuse this new goal.

Our second feature attempt to support autonomy allowed the
user to choose between participating in a weekly group steps com-
petition or working towards their weekly step goal individually
(see Figure 1b). We considered this design might support auton-
omy, because it allows the user to express their will concerning the
method that will lead them to their step-goal.

We considered the History and Feedback taxonomy categories as
the foundations of Agon’s competence support feature. The former
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Figure 1: (a) Goal setting feature with options to accept or deny the proposition. (b) Goal setting feature to choose weekly
group steps competition. (c) History feature: Each row shows the pair date-steps counts. The list is ordered from most recent
to oldest. (d) Weekly pop-up message with activity feedback. (e) Peers Comparison showing a list of participants with their
total step-counts; at the end of each row a thumbs-up button to provide feedback to other participants.

presents the user with a representation of their activity over a time
period, and the latter provides the user with information about how
the task was performed in a given session [66]. Initially, we thought
of having a history of step-counts including daily-step totals and
corresponding dates (see Figure 1c). We considered this design
might support competence because it allows users to reflect on their
step-counts and feel effective about their walking activity levels. We
thought of using feedback as a second way to support competence
by displaying a pop-up message with weekly activity performance
results (see Figure 1d). Similarly to the history of step-counts, this
design allows users to feel effective while doing the walking activity.
Wemust note that the individual’s sense of effectiveness will depend
on the actual activity performance (e.g., little steps lead to bad
performance and consequently bad effectiveness, and vice versa).

We considered the Peers Comparison taxonomy category as the
foundation of Agon’s relatedness support feature. This category
presents an ordered list of scores and people who perform the same
activity [66]. Therefore, we thought of designing a peers comparison
list including a list of users names with weekly steps-totals (see
Figure 1e). As a second way to support relatedness, we thought
about how users could encourage other competitors by tapping on a
thumbs-up icon next to each competitor’s name. This design allows
users to feel connected and important to each other by knowing
that they are taking part in the same activity and by having the
chance of supporting themselves through the thumbs-up action.

3.1.2 Refined Approach. In this phase, we performed an expert
evaluation of the initial app design, which consisted of review-
ing the design and interaction of each app feature from the lens
of the Self-Determination Theory. For this activity, we involved
five researchers from our institution, all familiar with the SDT, to

study a detailed design document and UI maps. Notably, we asked
the experts to evaluate whether the app’s features provided sup-
port to the BPNs posited by the SDT. Further, we asked experts
to perform a Heuristic Evaluation of the design [41], to iron out
usability issues. The feedback we collected in this phase allowed
us to update the design of Agon in the following ways: first, for
the autonomy feature, we kept the design where the app showed
the daily steps average, with the option to increase this average or
not. We discarded the design that allowed users to choose a group
or individual competition, because leaving this option would make
the relatedness feature (peers comparison) optional, which was not
our intent. Instead, we thought of removing this choice and leaving
the group competition (represented by the peers comparison) as a
fix app feature.

Next, for the competence feature, we kept the history design,
which provided more information to satisfy the sense of effective-
ness while walking or running. We preferred this design on top of
the pop-up message because we could guarantee a longer exposure
to the history that remains accessible in the app all the time versus
the pop-up message that appears on the screen a limited time (i.e.,
couple of seconds once a week). Finally, for the relatedness feature,
we kept the peers comparison (as we mentioned earlier) but re-
moved the thumbs-up because we considered it a double support
for the relatedness need.

3.1.3 Final Approach. Once we completed the refined version of
the designs and the UI-map, we developed Agon. This app imple-
ments three features based on each of the BPNs: (1) goal-setting
to support autonomy; (2) steps-history to support competence; and
(3) peers comparison to incorporate relatedness. Agon differs from
other commercial apps in the following ways. First, unlike many
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(a) (b) (c) (d)

Figure 2: (a) Goal-setting feature (first dialogue): “Your daily step goal is 3236 steps. Would you like to increase it by 5%?. That is
walking 161 additional steps or about 2.1 minutes walking.” (b) Goal setting feature (second dialogue): Your weekly goal will be
to reach 23784. This is approximately 3397 steps per day. (c) History feature: Each row shows the pair steps counts-date. The list
is ordered from most recent to oldest. (d) Main Dashboard Screen: Displays the history button on top-right; below the weekly
and daily step goals; below the daily step-counter; at the bottom the peers comparison feature.

commercial apps and services, it is developed upon an established
behavior change theory in mind. Second, Agon was purposefully
designed with a minimal set of features to research the distinct
effects these group of features has on the users’ behavior. In the
following paragraphs, we detailed the rationale and the relation to
the SDT that lead to our final design.

We designed the goal-setting feature to support the basic psy-
chological need of autonomy. We hypothesized that a goal-setting-
autonomy-support feature could be represented by a dialogue-box
displaying personal information to the users. This information
helps users in the goal-setting-decision-making process by inform-
ing them of their previous week step-count average and proposing
to walk a higher number of steps the following week (see Figure 2a).
In the same dialogue-box users can see the equivalent number of
steps for this increase and the approximate amount of time it would
take to walk those steps (e.g., “Your daily step goal is 2936. Would
you like to increase it by 5%? That is to walk 146 additional steps or
about 1.9 minutes walking.” )1. Below the dialogue box and on the
left side, we placed a yes button (to accept the step increase) and on
the right side a no button (to reject the step increase and continue
targeting the same average number of steps from their previous
week). After the user taps on any of the two buttons, the text in the
dialogue box updates to present a sentence indicating the weekly
objective and the approximate daily steps (see Figure 2b). In the
next lines, we relate this feature design to the SDT literature.

According to the SDT, by offering users information (i.e., their
average number of steps counts) about a decision they need to make
(i.e., defining weekly step-goal), they can take an informed choice
and thus feel autonomous when specifying their weekly step-goal
[52, p. 461]. Also, the action of goal-setting contributes to an in-
ternal perceived locus of causality (or I-PLOC)[12]. In concrete, an

1The recommendation for the weekly physical increase is no more than 10% [64]

intentional behavior can be either internally motivated (i.e., intrin-
sic motivation) or externally motivated (i.e., extrinsic motivation).
For instance, researchers found that students’ learning outcomes
increased when teachers provided them options and choices in a
learning environment [17, 45]. The SDT states that when a goal is
imposed by someone else (or by an app), it will undermine auton-
omy and reduce the person’s motivation to perform the activity.
On the other side, a self-imposed goal would contribute to the basic
need of autonomy and supports autonomous motivation to perform
the target activity (cf. [14, 51, 53]).

We designed the steps-history feature to support the basic psycho-
logical need of competence. The steps-history feature is a simplified
version of related functionalities adapted from FitBit [25] and
Steps App [59]; it can be accessed from the Agon’s main screen by
tapping on top-right button. We designed this feature to allow users
to see the progress in steps they have made through time. There-
fore, Agon displays two columns one indicates the steps counts,
and the other shows the date when those steps were taken (see
Figure 2c). This feature differs from an activity feedback feature,
which provides statistics, scores, or other information on the user’s
performance. We offered users to examine their collected data for
one year back. Showing past steps allows the users to reflect on the
temporal component of the walking activity. Looking at the events
from specific days, users can relate success or failures to meet the
steps-goal to environmental factors that might have influenced
their activity (e.g., peaks of stress, work deadlines, menstrual cycles,
family problems). By contrasting this information, users know how
their circumstances might influence the walking behavior, there-
fore supporting the basic need of competence. According to the SDT,
receiving information that is useful and allowing individuals to
learn and improve contributes to the support of their competence
BPNs [49].
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We designed the peers comparison feature to support the ba-
sic psychological need of relatedness. This feature was in parts
motivated by the leader boards from Strava [60] and Freelet-
ics [27], both renowned fitness apps. The peers comparison can be
observed from the Agon’s main screen, right below the daily step
counter label (see Figure 2d). We designed this feature by creating
a two-column list. The left column displays participants’ names,
and the right column participants’ daily steps sum. In this way,
users can compare their performance with other participants who
participate in the same activity over time. However, in contrast to
Strava and Freeletics, we adopted a privacy by design approach
[5] and partially anonymized the participants’ data by displaying
only their first name and step counts. Besides, the step-counts fea-
ture for peers does not include either icons or profile images of the
participants. The actual step-counts data was gathered from the
Apple’s HealthKit app database for which participants granted
access after installing the Agon app. Through a peer comparison,
users can evaluate the impact of their actions (i.e., walking daily)
on others and feel more effective and related to other participants
[23], supporting the relatedness BPN. We now discuss our research
methodology.

4 METHODOLOGY
Our methodology was inspired by research from Peng et al. [46].
These authors studied smartphone owners’ perceptions of mobile
health apps by conducting interviews and identifying themes. Given
our study’s object, namely behavior change apps for fitness, we
opted for a field study spanning 4 weeks as we deemed users would
require weeks to adjust to the new routines and reflect on their
experience.

4.1 Participants and Recruitment
The participants sample included 49 students, age ranged from 18 to
30 years (M = 22.2, SD = 3.1). Of these participants, 30werewomen
(61.2%). Participants were compensated with the equivalent of 25
USD for their participation, regardless if they completed the study.
We captured demographic data (i.e., name, gender, age) through a
screener that also served to check whether respondents qualified
for the study. We recruited participants through flyers placed on
the university campus and social media sites. The flyers contained
a basic explanation of the study and an email address to write to
sign up. If they replied to the study call, the first author, acting as
a recruiter, contacted them to screen them over the phone. If they
qualified, the recruiter provided instructions on how to download
and install the app and the following steps of the research.

We excluded participants who: (1) were younger than 18 years
old (as we did not have resources to collect approval from the legal
guardians or parents of minors); (2) did not possess an iPhone 5
or newer model (given that our technological intervention was de-
veloped exclusively for iPhone); (3) expected to not have Internet
access for more than 7 consecutive days during the study; (4) could
foresee instances in which they would be unable to undertake phys-
ical activity for more than 7 consecutive days; participants needed
to be able to use the app for at least a week to guarantee they were
exposed to the app features. Seventy-seven individuals replied to
the study call. The first author contacted them to schedule a phone

screen. Of 77, 8 did not answer the invitation email. The screen-
ing of the remaining 69 individuals for participation in the study
found that 12 did not qualify for the study for one of these reasons:
(1) they did not have an iPhone 5 or newer (7 respondents); (2) did
not reach the end of the screener (5 respondents). Therefore, 57
participants began the study, and during the 1-month deployment
we registered 8 dropouts. The final number of participants of the
study was N=49.2 We informed participants that their involvement
was voluntary, that they could withdraw from the study at any
time, and that anonymity was guaranteed. The Ethics in Research
Committee of our university approved the research protocol.

4.2 Study Procedure
We conducted a 1-month field study in a mid-size city in Central
America. This period allowed participants –considering Agon min-
imal set of features– to be exposed, understand, and react to the
three app features (goal-setting, history, and peers comparison). Our
study consisted of three phases.

4.2.1 Phase 1: On boarding and Setup. Participants signed the con-
sent form online and received setup instructions onto their emails
(i.e., download the research app fromApple App Store, grant access
to their HealthKit data, carry their phones, and use the app for
four weeks). This phase lasted 4 days to give participants enough
time to follow the setup instructions.

4.2.2 Phase 2: Interacting with Agon app. In this phase, we col-
lected participants’ step-counts. Every Monday, the app suggested
a weekly and daily step goal, based on the steps average from the
previous week. If the app did not obtain steps from the previous
week, stemming from the prior research [37], it suggested 5K steps
or approximately 30 minutes of walking each day to start with.
Participants had to complete a diary through a different online
platform by the end of the day. It aimed to record users’ perceptions
about Agon app.

4.2.3 Phase 3: Interview. At the end of the four weeks, we invited
15 participants to an interview session based on the frequency of
use of Agon as reported in their diary entries. We did this because
we aimed to collect reflections and reactions on the app from active
and inactive participants. More specifically, we recruited 9 “power
users” (i.e., who used the app every day) and 6 participants who
were not particularly active with the app, as expressed in their di-
ary entries. Collecting insight perceptions from active participants
allowed us to understand better the app feature characteristics that
made participants feel more engaged with the app. Similarly, by
interviewing participants who interacted little with Agon, we cap-
tured their perceptions concerning the disengagement they had
towards the app. Engagement is relevant in application-mediated
studies where participants must be exposed to the mobile system’s
characteristics and functionalities to capture meaningful insights.
For the semi-structured interviews, we designed an interview’s
script unpacking our RQ, aiming to elicit the participants’ per-
ceptions of the app’s supporting features regarding their physical
activity. The first two authors conducted the interviews.

2See the flowchart describing the recruitment process in the supplementary material:
https://osf.io/rb43c/?view_only=a7c5a118b235410abed4495b5aa91ab6.

https://osf.io/rb43c/?view_only=a7c5a118b235410abed4495b5aa91ab6
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The interview protocol 3 was as follows: We explained the pur-
pose of the interview (2 minutes). We followed the interview script
to capture their perceptions about the Agon app features. We in-
quired about their motivation to use the app and suggestions to im-
prove it (25-40 minutes). While one author conducted the interview,
the other served as a note-taker. We used a voice recorder to capture
the interviews. Our dataset consists of 6 hours and 46 minutes of
interview records. Finally, to aid the data analysis, we transcribed
the recordings verbatim. The interviews were conducted in Spanish,
the native language of the participants, and the two researchers
who performed the interviews.

4.3 Data Analysis
Our data analysis drew from two sources of insights: the partic-
ipants’ diary entries which covered all 49 participants, and the
semi-structured interviews conducted with a sub-sample of 15 par-
ticipants. We conducted data analysis in Spanish. At the end of
the analysis, the quotes taken directly from the data were trans-
lated from Spanish to English (by the first author, a native Spanish
speaker) to keep the meaning as close as possible to the original.

At the inception, two researchers engaged in an affinity diagram
process to analyze the interviews [4, 32]. This method is used to
organize large amounts of unstructured qualitative data, such as
participants’ interviews, and has been extensively applied in HCI
studies [22, 30, 36, 38, 68]. As the first step, two researchers created
post-it notes independently from each other. These notes were
distilled from the audio recordings of the 15 interviews and diary
entries. The notes included comments, ideas, or quotes that caught
the researchers’ attention. Then, each researcher placed their notes
on a separate wall to read the notes of each other.

Next, we spend approximately 8 hours conceptualizing cate-
gories and subcategories in an iterative, interpretative and synthe-
sized analysis process. We cluster the post-it notes by their semantic
affinity (common patterns) and aligned themwith the research ques-
tion. We repeated this process until we reached a consensus on the
categories. To ensure the result’s methodological accuracy, we used
a triangulation strategy [61], where two researchers with different
points of view analyzed the data (inter-subjective). As a result, in
about 4 hours, we compiled a document with the categories (i.e.,
themes) and representative quotes from our participants. We also
held meetings with researchers outside of the project to challenge
our assumptions and corroborate the themes.

Next, we present the main themes or categories we identified
from our data corpus analysis and support them with quotes from
the participants. The identified themes are not orthogonal; they de-
scribe interesting characterizations of our participants’ experiences
with Agon app. In the remainder of the paper, we use pseudonyms
to describe study participants.

5 FINDINGS
Our study reveals that the goal-setting feature supported the need
for autonomy because participants perceived the decision to set the
step goal their own. This feature also contributed to motivating
participants to achieve the goal. The steps-history supported the

3See the interview protocol on OSF: https://osf.io/rb43c/?view_only=
ef24559418df4b948872dc357f200e08

need for competence because participants reflected on their step
progress through time. The step-counts for peers feature partially
supported the need for relatedness because participants reported
feelings of companionship, curiosity, and at times competitiveness
against self and the others, but not feelings of being connected to
others.

5.1 Autonomy Support Feature
Drawing on the perceptions and the use of the autonomy support
feature, we identified two empirical categories from our data corpus.
Namely, (1) the perception of setting a goal increment; and (2) the
emotions experienced through maintaining an individual steps goal.

5.1.1 Perception of step goal. Every Monday, Agon app proposed
a step goal to participants. Gigi, 26 emphasized the value of having
a choice on the number of steps the app suggested to increase: “I felt
control when accepting or denying [this recommendation]. I was the
one deciding if I wanted [it] or not. However, in a sense, [the app] was
imposing me the number, but because I could at least say if I wanted
to go for that number or not, I had somewhat decision power.” Giss,
30 offered a similar perception: “I like to have control of my daily
and long term step goals.” Similarly, Lily, 20 expressed her feeling of
choice when deciding on her step goal: “I feel I was deciding [on the
number of steps], and it was my own amount. I never felt pushed to
walk.”. Also, Faby, 20 explained how he decided not to increase the
daily goal: “This number is too much and I can’t. When I realized I
couldn’t make it I told the app I can’t increase 5%”

Besides, participants perceived the step goal as a form of per-
sonalized goal they were striving to meet by the end of the week.
For example, Gigi discussed: “The app adjusted the step goal. If I
walked less steps during the week, it didn’t tell me: "This was last
week’s goal, now you need to do more", instead it adjusted the goal to
myself.”. Furthermore, Mar, 22 commented on a realistic, achievable
step goal Agon app set for her: “I like [that] the app suggests a more
realistic step goal based on the previous week steps average.”. Mary,
19 added to that endorsing privacy-aware architecture of the app: “I
appreciated [that] the app used the data that was stored in my phone’s
database and used it to calculate a reasonable increase in my step
counts.”

5.1.2 Emotional spectrum of step goal perceptions. This category
relates to the feelings evoked by our participants when attempting
to maintain a daily step goal. Feelings varied between positive affect,
interest in the activity, and feelings of challenge. For example, Addy,
20 expressed her feeling of contentment produced by having a step
goal: ”I feel very well, because I have a daily step goal, it pushes me
to try to reach it.“ Anny, 21, when speaking about the step goal
feature elaborated on her personal experience with Agon app: “I
felt interested, because [the app] shows you the weekly step goal and
at the same time the number of steps I should do every day to achieve
it.” Setting a daily step goal pushed our participants to take actions
to reach it, for example, Gigi, 26 explained: “The weekly step goal
motivated me to do more than what I was [usually] doing.

Some other participants felt they were participating in a chal-
lenge, which motivated them to initiate physical activities. For
example, while reflecting on using the app Cara, 22 said: “Even
though I did not walk much, I feel it is an internal competition like a

https://osf.io/rb43c/?view_only=ef24559418df4b948872dc357f200e08
https://osf.io/rb43c/?view_only=ef24559418df4b948872dc357f200e08


MobileHCI ’21, September 27-October 1, 2021, Toulouse & Virtual, France G. Villalobos-Zúñiga, et al.

challenge.” The feeling of effort was also commonly expressed from
our participants, Gigi elaborated: “I try to use the stairs more instead
of the elevator and to park my car further away so that I can register
more steps. It would be good if we receive an alert when the day is
about to end and we have not reached our step goal.”

Collectively, these reflections help illustrate how Agon app pro-
voked feelings of being in control of the step goal. Also, customized
manageable step-goal increments helped participants to observe the
steps-objective as something reachable. Additionally, it encouraged
participants to engage in more physical activities autonomously.

5.2 Competence Support Feature
The perception and the use of the competence support feature turned
participants to focus on their self as well as made them reflect
on their own performance and improvement while engaging in
physical activity. From our data corpus, we identified the following
three categories: (1) reflections on self-evaluation; (2) the feelings of
empowerment; and (3) the sensations produced by acknowledging
past performance.

5.2.1 Self-Evaluation. By self-evaluating their activity, participants
could monitor their progress and reflect on their own physical
activity Nicky, 19 explained: “The purpose of the history is to compare
how the step counts were at the beginning and at the end of the week.”
Kary, 22 speaking about her self-reflection process, restated its value
to motivate her to make an extra effort in her workout routine:
“With the history I could see if I have made some progress, if I make
some effort and see the improvement, then it motivates me to exercise
more.” Kary also discussed the emphasis on self-improvement as
an integral part of sport and activity tracking apps, and opened up
a discussion about the lack of its support. This was corroborated
in the following statement: “This history [feature] is a personal
retrospective, that allows me to see the progress or regression in my
exercise pattern.”. Sammy, 18 reflected on how the app made him
re-think the importance of doing physical activity. He explained:
“Today I feel well using the app, it is very monotonous but good and
useful. Besides, I truly felt it had pushed me to walk more. These last
days, doing physical activity became something that took my mind
over the course of a month. This made my life change and became a
little more active. I often chose walking instead of taking the bus, and
I think that’s what it is about, about little changes.”.

5.2.2 Empowerment. A feeling of empowerment was felt by some
of the participants, which encouraged them to have greater con-
fidence in themselves. Addy, 20 when contemplating about the
activity progress mentioned: “I feel I am a strong person that can
do it and I can do more”. Also, some felt Agon app gave them the
courage to do more physical activity, Dean,19 exclaimed: “It’s not
about keeping me in the comfort zone, it’s attaining the goal and
being able to say – "I’m going for more"”.

5.2.3 Hedonic Aspects. On a few occasions, participants expressed
some feelings of sadness when looking at the history of steps. Al, 20
clarified: “I felt bad when I saw I had less than 3000 steps, I felt power-
less knowing that I could not increase my step counts.” Similarly, Gigi,
26 explained: “When I saw my history [feature], I got disappointed
because there were so many days with 400 steps, so little! I said to
myself: "How is it possible that I walked so little?" So it was sad, like

depressing.” Some of our participants experienced joyful feelings
while using the history feature, Kary explained: “In the history tab,
I started with 2000 steps, next week I reached 4000 and that motivated
me, it is like I can do more each day. When I moved forward [in step
counts] I felt joy!”. These statements illustrate the potential of the
step tracking apps or services alike to incorporate hedonic aspects
of both positive and negative experiences after physical activity
beyond simply visualizing dry statistical summaries.

Collectively, these reflections and reactions helped illustrate
how being aware of the physical activity level pushes individuals
to be more rigorous in evaluating their performance and therefore
experimenting with various emotions related to their activity.

5.3 Relatedness Support Feature
Our data corpus yielded insights into our participants’ perception
of the relatedness support feature of the app. It revealed subtle
connections that relate to their overall motivation to exercise and
provoked the comparison of their own results against those of
other participants. We distilled three empirical categories from our
data corpus: (1) companionship; (2) comparison with others doing
physical activity; as well as (3) the feelings of curiosity concerning
others’ activity.

5.3.1 Companionship. Participants felt they were not the only
ones performing the walking activity because they could see the
step count increments from others. For example, Kary, 22, when
reflecting on the feeling generated by the peers comparison fea-
ture mentioned: “I am not alone, when I see the list I think: "these
other people are doing physical activity somewhere else [around the
city].”. Consequently, the ability to see the step counts from other
participants provoked personal motivations to walk more. This
was described by Anny, 22: “It is super interesting to see the steps
counts from other participants, in addition to mine. I think it is a good
motivation.”

5.3.2 Comparison and Competition. Even though Agon app did
not explicitly offer a competition functionality, participants per-
ceived a feeling of competing against each other to score a higher
number of step counts. For example, Nicky, 19 mentioned: “I should
go out and walk more, because others are walking more.” Similarly,
Kary, 22 echoed this through indicating the peer pressure the app
triggered: “I found myself thinking, this person has more steps than I
do, I will go to the park so that I will have more steps than he does.”.
These quotes might also be indicative that the participants were
acting out of guilt. However, we could not find support for this in
the remainder of the data we collected.

5.3.3 Curiosity. Some participants revealed the urge to be con-
stantly aware of the level of physical activity from other partici-
pants and why they have walked that particular number of steps.
For example, Teb, 28 reported: “I noticed that I walk more than other
people using the app.” In turn, Agon app provoked speculations
about possible activities and routines of other people: Kate, 22 ex-
plained: “I found myself thinking, she has walked so little, what might
she be doing?”.

In sum, these insights demonstrate the importance of the social
features of the app. Even incidental or unintended interactions with
other people through sharing of peer statistics (e.g., in the form of
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leader boards) allowed our participants to interact with others by
comparing, competing, and keeping their physical activity status
present.

6 DISCUSSION
The key to any behavior change is the development of intrinsic–
or self-determined–motivation towards the target activity. Self-
Determination Theory [52] is a well-established and empirically val-
idated approach to evaluate behavior-change interventions. More
than four decades of empirical research has demonstrated that the
basic psychological needs posited by the SDT are predictive and reli-
ablemediators tomotivation [6, 29, 43, 52, 65]. SDT has already been
studied and applied in the field of HCI to enable behavior change.
However, the road to translate this theory into concrete design
guidelines is still long, and scholars are asked to “make decisions
about which functionalities to support and how to implement such
functionalities.” [34] Building on recent work [66], which mapped
specific app functionalities to the SDT, we contribute a concrete
design of a pedometer app, whose design originates from the theory.
It provides three features specifically tailored to support the basic
psychological needs of its users. As we will detail in the following
subsections, our findings also contribute empirical evidence that
Agon users experienced feelings of self-control, empowerment, and
comparison with other participants. These findings are encouraging
and will have to be further validated with quantitative research, as
discussed in Sec. 6.4. Of course, the implementation we tested in
the current study is not the only possible way to provide support
for autonomy, competence, and relatedness. The discussion with
our participants revealed additional avenues of design and research
that we will discuss in the subsections below. Finally, we contribute
recommendations for other researchers who might want to study
behavior-change technology in the wild (see Sec. 6.5).

6.1 Informed and Personalized Choices
Supports Autonomy

While reviewing the perceptions derived from using the goal-setting
feature of our app, we noticed that participants elicited feelings
of owning the decision about setting their weekly step-goal. Even
though the step-goal increase suggestion came from Agon, partici-
pants noticed they decide to pursue the goal or not depending on
how much effort they foresee it implies. These feelings are aligned
to the SDT autonomy definition, which states the need of an indi-
vidual to experience ownership of their actions [52, p. 86].

Other perceptions captured from using the Agon’s goal-setting
feature show that when participants had information about their
level of physical activity (e.g., average daily step-counts) to make a
decision, they displayed effort and determination to achieve the ob-
jective. According to what the SDT postulates, feelings of effort and
determination are expected to arise when individuals make good
choices after thoughtfully considering the relevant options and
information [52, p. 462]. Further, this observation resonates with
previous studies on physical activity in sport psychology, where
researchers established that when goals are set autonomously, they
positively predict effort, and consequently, goal attainment [57, 58].
Our study extends this research by incorporating tailored and
specific goals (i.e., “walk 7550 steps this week”) and not generic

open goals (i.e., “improve your upper body strength”) like Smith et
al. [57, 58] do; differentiating in the ability to set goal metrics.

Another exciting aspect that stood from our findings is the posi-
tive reception of a personalized weekly step goal. Participants felt
more inclined to accept a weekly step goal increase since this in-
crement was tailored to their previous week’s performance. The
suggested increase of 5% was perceived as achievable –optimal–
by our participants. The concept of optimal challenge was already
discussed within the SDT [13], and it has been empirically tested in
immersive games [48, 49]. Similarly, we see the value of applying
this concept to behavioral change scenarios, such as those featured
in modern fitness apps. This approach explains why participants
reported they accepted the weekly goal increases.

In sum, these observations extend prior research in the follow-
ing ways: (1) we provide an initial attempt towards translating
the SDT autonomy construct to Agon’s goal-setting feature; (2)
previous research allowed individuals to self-set their goals with-
out activity-related information to make a knowledgeable decision
(e.g., [10, 28, 42]), or through a self-reported baseline (e.g, [33]),
we extend this design space by improving the individual’s ability
to set goals by making autonomous and informed decisions; (3)
the positive response of our participants to the suggested weekly
step goal increase is significant because it outlines the potential of
personalized goal increments and how this can engage participants
to achieve the step goals they have committed to.

Therefore, these findings suggest that app designers might want
to provide users with information (e.g., howmuch effort is needed to
achieve a goal, personal activity performance) to contribute to more
autonomous decisions and foster goal attainment. Furthermore,
designers should suggest adaptable goals to each individual’s ability
level [3].

6.2 Performance Monitoring Supports
Competence

While reviewing the perceptions derived from using our app’s
history feature, we noticed that participants elicited feelings of
progress and empowerment concerning the walking activity. We
also noticed that in some occasions these feelings were positive
(e.g., feeling joy due to making progress toward the goal), while in
other cases expressing negative feelings (e.g., the disappointment
caused by not progressing towards the goal). The former feelings
are aligned to the SDT competence definition, which states the
need of feeling effective in one’s interactions [52, p. 86]. However,
concerning the latter feelings, we believe Agon’s design could be
improved. In moments where despite not making progress towards
the exercise goal, the app could provide information that may en-
courage alternative ways to fulfill the objectives (e.g., display a
message with the text: "Keep trying. There are 3 more days to go!").

Another highlight in our findings is the eudaimonic effect [39]
of striving towards one’s personal best evoked by the app’s use. By
observing their daily-step records and history, participants aimed
for a constant need for fulfillment and self-improvement.

Other perceptions captured from using the Agon’s history fea-
ture show an increase of participants’ reflection on their physical
activity and, in turn, this reflection contributed to motivating them
to reach their step-goal. This self-reflection produced by the history
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feature relates to previous research, demonstrating that having
a display that supports activity-awareness may lead to positive
outcomes such as keeping the participants’ physical activity levels
and engagement throughout research interventions [9]. Agon app
extends this display approach by using a two-column list with past
weeks and steps, allowing time-progress comparison; this is lim-
ited in the garden metaphor of Consolvo et al. [10]. Participant’s
reflections on their own –effective– performance and the conse-
quent positive effect on their sense of competence were expected
as the SDT postulates [52, p. 154]. This finding is relevant because
it supports the importance of providing personal activity-related
information to individuals to increase their sense of competence.

In sum, these observations extend prior research in the follow-
ing ways: (1) we provide an initial attempt towards translating the
SDT competence construct to Agon’s history feature; (2) previous
research provides users with progress bars (e.g., [54]) showing a
single progress indicator without the option to compare to previ-
ous scores, some others use line or bar graphs (e.g., [31, 42, 44])
allowing comparison between days of the same week, some others
allow score comparison with just the competition leader (e.g., [28]).
We contribute to this design space by allowing users of Agon to
visualize and reflect on a broad time frame (one year). In our design,
we enabled this exploration by providing a scrollable two-column
text, displaying the list with past days and their related steps. (3)
our participant’s positive response to the history feature is signif-
icant because it outlines the power and intention that rises from
participants when feeling capable of achieving the step goals they
have committed to.

Therefore, these findings suggest that fitness app designers, who
are interested in supporting users’ attainment to their fitness goals,
should: i. provide elements that increase the awareness of the ac-
tivity (e.g., steps-history), and ii. cater to positive feelings (e.g.,
encouraging messages when bad performance happen).

6.3 Comparison with Peers Partially Supports
Relatedness

While reviewing the users’ perceptions derived from using the
peers comparison feature of our app, we observed two types of
competition behavior among our participants. Some participants
compare their step count with that of other participants through the
peers comparison feature (see Figure 2d). The SDT scholars define
this behavior as a direct competition, which occurs when players
struggle against each other to maximize their success. In contrast,
other participants perceived the daily step goal as a competition
with themselves. The SDT considers this behavior an indirect com-
petition [52, p.488], which occurs when people compete against
themselves when performing better than what they have done
previously [52]. Developing mechanisms that foster indirect com-
petition can be significant to fitness app designers interested in
skill-building and performance, both reflected in the individual’s
adoption of mastery goals ([52], op. cit.).

Our relatedness insights showed a partial support of the peers
comparison feature on the corresponding BPNs. More specifically,
participants felt companionship, meaning they were not the only
ones in the study doing physical activity, which in turn increased

their motivation to be more physically active. Because of this per-
ception of having a companion, they compared and competed with
others (as previously mentioned). However, participants did not
perceive themselves connected to other participants. This insight
leads us to reflect on why the peers comparison was not effective
in developing a feeling of connectedness with others. We believe
that the relatedness-support feature did not produce an anticipated
effect due to two factors. First, participants did not know whom
the other people on the list were, producing a lack of empathy and
connection with others. Second, we did not place participants in
groups comprising people with same physical activity levels. An
alternative group assignment –which grouped participants who
had similar performance– might have increased the participants’
self-efficacy evaluation. This insight opens up an opportunity to
explore other designs for relatedness-support features. For exam-
ple, placing individuals in groups or circles (which might develop a
sense of team) and developing a sense of competition against other
groups, instead of competing at the individual level. Therefore,
these findings suggest that fitness app designers who are inter-
ested in supporting meaningful connections between users should:
i. provide elements that increase the perception that more people
are doing the same activity (e.g., a list of users pseudonyms with
the option to display user information like name, age, hobbies.),
and ii. foster the feeling of between-user connection (e.g., create
competitions between familiar with each other and with similar
physical activity levels).

6.4 Future Research and Design Directions
The subjective accounts collected in this research demonstrate that
Agon provided support to the autonomy, competence, and relat-
edness of our study participants. Would this support be sufficient
to motivate the participants to increase the physical activity in their
routine? Unfortunately, the current research is unable to answer
this question comprehensively. In this study, we learned that physi-
cal activity levels might drastically change from one week to the
next due to seasonal effects (e.g., holidays), weather conditions, or
other schedule constraints. We also discovered a large variability
of behaviors associated with physical activity levels in the sample
population: some people might regularly train, while others might
walk or run only sporadically. It is necessary to conduct longitudi-
nal studies spanning multiple months and involving hundreds of
participants to demonstrate the effects of behavior-change technol-
ogy. This experimental design might allow researchers to average
out participants and seasonal effects and demonstrate the long-term
impact of behavior-change technology.

Furthermore, in this study, we tested the three features sup-
porting the BPNs concurrently. However, it would be valuable to
understand whether these features need to be available simulta-
neously to yield benefits to the app users.Would offering only one
(or two) features provide incremental support to users? A full facto-
rial design, assigning different combinations of features to other
user groups, would need testing to answer this question. Such a
study can produce quantified observations to relate each feature
–or combination of features– to physical activity levels.
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From a design perspective, the interviews we conducted sug-
gested exciting avenues to explore further. Several study partici-
pants mentioned having a hard time agreeing to the increases in
physical activity recommended by Agon on specific days because
of personal or work commitments. In the future, designers might
develop autonomy features that could allow users to adhere to per-
sonalized goal increments and customize the day of the week these
goals are feasible. Also, our study participants mentioned that the
competence feature supported their self-reflection. However, none
of the participants said they had used this information to follow
week-by-week progress, perhaps, because of an additional cogni-
tive load required to infer this information. Furthermore, designers
might highlight non-obvious trends in the data series to aid data
exploration for end-users. Finally, as discussed in Sec. 6.3 designers
might want to develop relatedness features that support optimal
[13] and coopetitive [67] challenges. We believe these design ideas
could also inspire the designers of supporting technologies in other
behavior-change domains (e.g., acquiring new skills, subscribing
to a conscientious consumption lifestyle, lowering one’s ecological
footprint).

6.5 Barriers and Recommendations when
Running Research on Behavior-Change
Apps

The current study made us reflect on two critical aspects of re-
searching technology that aims at supporting behavior change: (a)
providing enough time to study participants to adjust to the interven-
tion; and (b) considering the ecosystem upon which the deployment
of interventions occur. Concerning the first aspect, our participants
installed the app on different days of the first week of the study,
interacting with the app at varying frequencies, and all had periods
of unavailability throughout the month-long study. The analysis
of the diaries revealed that in most cases participants developed:
a concrete understanding of Agon only towards the end of the
study. In hindsight, we might have designed a more prolonged de-
ployment to allow participants to experience more opportunities
of support provided by the app. The support provided by behavior
change apps becomes meaningful only when this is provided close
to the target activity the intervention is aiming to change (e.g.,
walking or running). Given that the target activities often occur
sporadically (e.g., once or twice a week), the observation window of
user studies must necessarily exceed several expected occurrences
of the target activity. Therefore, we recommend researchers define
the length of the user study on based on the typical frequency of
the target activity in the study population. For instance, with the
daily performance of target activities, a study spanning three to five
weeks could be sufficient to provide exposure to the intervention.
A lower frequency of occurrence of the target activity must reflect
in a longer observation window.

Concerning the second aspect, we noticed that our study partic-
ipants sometimes had difficulty accepting suggested increases in
physical activity. Not because they did not want to, but because of
schedule constraints or improper conditions (e.g., no lovely places
for a walk during the lunch break). As discussed in the previous
subsection, this made us consider that an improved version of the
Goal Setting feature could have provided more flexibility to allow

our participants to choose when was best to perform the extra
activity. Most behavior change interventions are oblivious to the
constraints existing in the users’ lives and cannot personalize the
recommendations to different life circumstances, unavailability, and
logistic constraints. This lack of consideration for the ecosystem
in intervention deployment reduces its impact. From now on, we
recommend designers explore strategies to capture and model this
ecosystem and allow users of behavior change apps to schedule
activities around constraints.

6.6 Limitations
We want to acknowledge a few limitations of our study. Since, we
deliberately opt-in for a qualitative research approach our findings
may not and are not intended to be generalized to other domains.
Our approach allowed us to develop a rich and descriptive account
of participant perceptions of the Agon app. A future longitudinal
study could capture objective and more detailed accounts of an
intervention’s effectiveness based on the proposed design of Agon.

Furthermore, our study was limited to one particular embodi-
ment of the BPN supportive features. Studying (and comparing)
alternative designs might reveal specificities of the features that we
could not capture in this study.

Finally, given that we deployed our recruitment fliers on a uni-
versity campus, we recruited participants in their 20s and 30s. We
purposefully aimed for young adults since they are often more ac-
tive and more involved in sharing personal experiences online [1],
and generally have emerged as rapid adopters of digital technology
[18]. However, this strategy undoubtedly limits the generalizabil-
ity of our findings to older users. Future research should recruit a
more heterogeneous sample from various cultural, geographic (e.g.,
suburban, rural), and demographic contexts.

7 CONCLUSION
We explored the perceptions and reflections of 49 individuals from
the 4-week field deployment of a Self-Determination Theory-based
mobile app. In this paper, we made two primary contributions. First,
we present a novel design of a fitness app distilled from the tax-
onomy of app features based on the SDT. Second, we presented
insights on how the perceptions of the app features supported au-
tonomy, competence, and relatedness needs. We hope that our study
will inform and inspire future research in personal and persuasive
computing that looks at behavior change practices and interven-
tions within the context of physical activities and beyond.

ACKNOWLEDGMENTS
We want to thank Mercedes Alpízar Soto for her timely valuable
contributions during this work’s app design discussions and writing
process. Finally, we would like to thank the anonymous reviewers
for their precious comments that strengthen the quality of this
research.

REFERENCES
[1] Alessandro Acquisti and Ralph Gross. 2006. Imagined communities: Awareness,

information sharing, and privacy on the Facebook. In International workshop
on privacy enhancing technologies. Springer, Springer Berlin Heidelberg, Berlin,
Heidelberg, 36–58.



MobileHCI ’21, September 27-October 1, 2021, Toulouse & Virtual, France G. Villalobos-Zúñiga, et al.

[2] M. Altmeyer, P. Lessel, T. Sander, and A. Krüger. 2018. Extending a Gamified
Mobile App with a Public Display to Encourage Walking. In Proceedings of the
22Nd International Academic Mindtrek Conference (Tampere, Finland) (Mindtrek
’18). ACM, New York, NY, USA, 20–29. https://doi.org/10.1145/3275116.3275135

[3] Dario Baretta, Paulina Bondaronek, Artur Direito, and Patrizia Steca. 2019.
Implementation of the goal-setting components in popular physical activity
apps: Review and content analysis. Digital Health 5 (2019), 1–10. https:
//doi.org/10.1177/2055207619862706

[4] Hugh Beyer and Karen Holtzblatt. 2016. Contextual Design. Morgan Kaufmann,
340 Pine Street, 6th Floor San Francisco, CA 94104, USA. 530 pages.

[5] Ann Cavoukian. 2013. Privacy by design: leadership, methods, and results. In
European Data Protection: Coming of Age. Springer, Dordrecht, The Netherlands,
175–202.

[6] Nikos L D Chatzisarantis, Martin S Hagger, Stuart J H Biddle, Brett Smith, and
John C K Wang. 2003. A Meta-Analysis of Perceived Locus of Causality in
Exercise, Sport, and Physical Education Contexts. Journal of Sport and Exercise
Psychology 25, 3 (2003), 284–306. https://doi.org/10.1123/jsep.25.3.284

[7] Lucas Colusso, Gary Hsieh, and Sean A. Munson. 2016. Designing closeness to
increase gamers’ performance. In Conference on Human Factors in Computing
Systems - Proceedings. ACM, New York, NY, USA, 3020–3024. https://doi.org/10.
1145/2858036.2858206

[8] Sunny. Consolvo, K. Everitt, I. Smith, and J.A. Landay. 2006. Design Require-
ments for Technologies That Encourage Physical Activity. In Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems (Montr&#233;al,
Qu&#233;bec, Canada) (CHI ’06). ACM, New York, NY, USA, 457–466. https:
//doi.org/10.1145/1124772.1124840

[9] Sunny Consolvo, Predrag Klasnja, David W. McDonald, Daniel Avrahami, Jon
Froehlich, Louis LeGrand, Ryan Libby, Keith Mosher, and James A. Landay. 2008.
Flowers or a Robot Army? Encouraging Awareness & Activity with Personal,
Mobile Displays. In Proceedings of the 10th International Conference on Ubiquitous
Computing (Seoul, Korea) (UbiComp ’08). Association for Computing Machinery,
New York, NY, USA, 54–63. https://doi.org/10.1145/1409635.1409644

[10] Sunny Consolvo, David W. McDonald, and James A. Landay. 2009. Theory-driven
design strategies for technologies that support behavior change in everyday life.
In Conference on Human Factors in Computing Systems - Proceedings. Association
for Computing Machinery, New York, NY, USA, 405–414. https://doi.org/10.
1145/1518701.1518766

[11] L. Covolo, E. Ceretti, M. Moneda, S. Castaldi, and U. Gelatti. 2017. Does evidence
support the use of mobile phone apps as a driver for promoting healthy lifestyles
from a public health perspective? A systematic review of Randomized Control
Trials. Patient Education and Counseling 100, 12 (2017), 2231–2243. https://doi.
org/10.1016/j.pec.2017.07.032

[12] R. DeCharms. 1968. Personal causation: the internal affective determinants of
behavior. Academic Press, Cambridge, Massachusetts, US. https://books.google.
ch/books?id=GrV9AAAAMAAJ

[13] E L Deci. 1975. Intrinsic Motivation. Plenum Publishing Company Limited,
233 Spring Street, New York, NY 10013-1522, United States. 324 pages. https:
//books.google.it/books?id=gbV9AAAAMAAJ

[14] Edward L Deci and Richard M Ryan. 1980. The Empirical Exploration of Intrinsic
Motivational Processes1. In Advances in experimental social psychology. Vol. 13.
Elsevier, Atlanta, USA, 39–80. https://doi.org/10.1016/S0065-2601(08)60130-6

[15] Edward L Deci and Richard M Ryan. 1985. Intrinsic motivation and self-
determination in human behavior. Springer Science & Business Media, New
York, US.

[16] Edward L. Deci and Richard M. Ryan. 2008. Self-determination theory: A
macrotheory of human motivation, development, and health. Canadian Psy-
chology/Psychologie canadienne 49, 3 (2008), 182–185. https://doi.org/10.1037/
a0012801 arXiv:9809069v1 [arXiv:gr-qc]

[17] Edward L Deci, Richard M Ryan, and Geoffrey CWilliams. 1996. Need satisfaction
and the self-regulation of learning. Learning and individual differences 8, 3 (1996),
165–183.

[18] Mary Dee Dickerson and James W Gentry. 1983. Characteristics of adopters
and non-adopters of home computers. Journal of Consumer research 10, 2 (1983),
225–235.

[19] E A Edwards, J Lumsden, C Rivas, L Steed, L A Edwards, A Thiyagarajan, R Sohan-
pal, H Caton, C J Griffiths, M R Munafò, S Taylor, and R TWalton. 2016. Gamifica-
tion for health promotion: systematic review of behaviour change techniques in
smartphone apps. BMJ Open 6, 10 (2016), 6–0. https://doi.org/10.1136/bmjopen-
2016-012447

[20] Endomondo. 2020. The personal trainer in your pocket. https://www.endomondo.
com/

[21] Daniel A. Epstein, Bradley H. Jacobson, Elizabeth Bales, David W. McDonald,
and Sean A. Munson. 2015. From "Nobody Cares" to "Way to Go!": A Design
Framework for Social Sharing in Personal Informatics. In Proceedings of the 18th
ACM Conference on Computer Supported Cooperative Work & Social Computing
(Vancouver, BC, Canada) (CSCW ’15). Association for Computing Machinery,
New York, NY, USA, 1622–1636. https://doi.org/10.1145/2675133.2675135

[22] Anton Fedosov. 2020. Supporting the Design of Technology-Mediated Sharing
Practices. Carl Grossmann Verlag, Berlin. https://doi.org/10.24921/2020.94115943

[23] Christopher J Ferguson and Cheryl K Olson. 2014. Video Game Violence Use
Among “Vulnerable” Populations: The Impact of Violent Games on Delinquency
and Bullying Among Children with Clinically Elevated Depression or Attention
Deficit Symptoms. Journal of Youth and Adolescence 43, 1 (2014), 127–136. https:
//doi.org/10.1007/s10964-013-9986-5

[24] John Ferrara. 2013. Games for persuasion: Argumentation, procedurality, and
the lie of gamification. Games and Culture 8, 4 (2013), 289–304. https://doi.org/
10.1177/1555412013496891

[25] Fitbit Inc. 2020. FitBit App: the fitness app for everyone. https://www.fitbit.
com/app

[26] S. Fox and M. Duggan. 2012. Mobile Health 2012. Technical Report. Pew Research
Center. http://www.pewinternet.org/2012/11/08/mobile-health-2012/

[27] Freeletics GmbH. 2020. Freeletics: Train with the best digital coach. https:
//www.freeletics.com/

[28] Rúben Gouveia, Evangelos Karapanos, and Marc Hassenzahl. 2015. How do we
engage with activity trackers? a longitudinal study of habito. In UbiComp 2015
- Proceedings of the 2015 ACM International Joint Conference on Pervasive and
Ubiquitous Computing. ACM, New York, NY, USA, 1305–1316. https://doi.org/
10.1145/2750858.2804290

[29] M. S. Hagger. 2009. Theoretical integration in health psychology: Unifying ideas
andcomplementary explanations. British Journal of Health Psychology 14 (2009),
189–194. https://doi.org/10.1348/135910708X397034

[30] Gunnar Harboe and Elaine M. Huang. 2015. Real-world affinity diagram-
ming practices: Bridging the paper-digital gap. Conference on Human Fac-
tors in Computing Systems - Proceedings 2015-April (2015), 95–104. https:
//doi.org/10.1145/2702123.2702561

[31] Tim Harries, Parisa Eslambolchilar, Ruth Rettie, Chris Stride, Simon Walton, and
Hugo C. Van Woerden. 2016. Effectiveness of a smartphone app in increasing
physical activity amongst male adults: A randomised controlled trial. BMC Public
Health 16, 1 (2016), 1–10. https://doi.org/10.1186/s12889-016-3593-9

[32] Rex Hartson and Pardha Pyla. 2012. The UX Book: Process and Guidelines for
Ensuring a Quality User Experience (1st ed.). Morgan Kaufmann Publishers Inc.,
San Francisco, CA, USA.

[33] Andrea L. Hartzler, Anusha Venkatakrishnan, Shiwali Mohan, Michael Silva,
Paula Lozano, James D. Ralston, Evette Ludman, Dori Rosenberg, Katherine M.
Newton, Lester Nelson, and Peter Pirolli. 2016. Acceptability of a team-based
mobile health (mHealth) application for lifestyle self-management in individuals
with chronic illnesses. Proceedings of the Annual International Conference of the
IEEE Engineering in Medicine and Biology Society, EMBS 2016-Octob, November
(2016), 3277–3281. https://doi.org/10.1109/EMBC.2016.7591428

[34] Eric B. Hekler, Predrag Klasnja, Jon E. Froehlich, and Matthew P. Buman. 2013.
Mind the theoretical gap: interpreting, using, and developing behavioral theory
in HCI research. In Proceedings of CHI’13. ACM Press, New York, New York, USA,
3307. https://doi.org/10.1145/2470654.2466452

[35] H. Jebelle and T. Burrows. 2019. A weight loss app may be a risky way to address
obesity in children. https://theconversation.com/a-weight-loss-app-may-be-a-
risky-way-to-address-obesity-in-children-122129

[36] Andrés Lucero. 2015. Using Affinity Diagrams to Evaluate Interactive Prototypes.
In Proceedings of the 15th IFIP TC 13 International Conference on Human-Computer
Interaction (INTERACT 2015), Part II (Lecture Notes in Computer Science, Vol. 9297).
Springer, Cham, Gewerbestrasse 11, 6330 Cham, Switzerland, 231–248. https:
//doi.org/10.1007/978-3-319-22668-2_19

[37] Simon J. Marshall, Susan S. Levy, Catrine E. Tudor-Locke, Fred W. Kolkhorst,
Karen M. Wooten, Ming Ji, Caroline A. Macera, and Barbara E. Ainsworth. 2009.
Translating Physical Activity Recommendations into a Pedometer-Based Step
Goal. 3000 Steps in 30 Minutes. American Journal of Preventive Medicine 36, 5
(2009), 410–415. https://doi.org/10.1016/j.amepre.2009.01.021

[38] Sven Mayer, Lars Lischke, Pawel W. Wozniak, and Niels Henze. 2018. Evaluating
the Disruptiveness of Mobile Interactions. In Proceedings of the 2018 CHI Confer-
ence on Human Factors in Computing Systems - CHI ’18. Association for Computing
Machinery, New York, NY, USA, 1–14. https://doi.org/10.1145/3173574.3173980

[39] Elisa D. Mekler and Kasper Hornbæk. 2016. Momentary Pleasure or Lasting
Meaning? Distinguishing Eudaimonic and Hedonic User Experiences. In Proceed-
ings of the 2016 CHI Conference on Human Factors in Computing Systems (San Jose,
California, USA) (CHI ’16). Association for Computing Machinery, New York, NY,
USA, 4509–4520. https://doi.org/10.1145/2858036.2858225

[40] A. Middelweerd, J. Mollee, C.N. van der Wal, J. Brug, and S. te Velde. 2014.
Apps to promote physical activity among adults: a review and content analysis.
International Journal of Behavioral Nutrition and Physical Activity 11, 97 (2014),
189–194.

[41] Rolf Molich and Jakob Nielsen. 1990. Improving a Human-Computer Dialogue.
Commun. ACM 33, 3 (1990), 338–348. https://doi.org/10.1145/77481.77486

[42] Sean a Munson and Sunny Consolvo. 2012. Exploring Goal-setting, Rewards,
Self-monitoring and Sharing to Motivate Physical Activity. In 6th International
Conference on Pervasive Computing Technologies for Healthcare (PervasiveHealth).
Association for Computing Machinery, New York, NY, USA, 25–32. https://doi.

https://doi.org/10.1145/3275116.3275135
https://doi.org/10.1177/2055207619862706
https://doi.org/10.1177/2055207619862706
https://doi.org/10.1123/jsep.25.3.284
https://doi.org/10.1145/2858036.2858206
https://doi.org/10.1145/2858036.2858206
https://doi.org/10.1145/1124772.1124840
https://doi.org/10.1145/1124772.1124840
https://doi.org/10.1145/1409635.1409644
https://doi.org/10.1145/1518701.1518766
https://doi.org/10.1145/1518701.1518766
https://doi.org/10.1016/j.pec.2017.07.032
https://doi.org/10.1016/j.pec.2017.07.032
https://books.google.ch/books?id=GrV9AAAAMAAJ
https://books.google.ch/books?id=GrV9AAAAMAAJ
https://books.google.it/books?id=gbV9AAAAMAAJ
https://books.google.it/books?id=gbV9AAAAMAAJ
https://doi.org/10.1016/S0065-2601(08)60130-6
https://doi.org/10.1037/a0012801
https://doi.org/10.1037/a0012801
https://arxiv.org/abs/9809069v1
https://doi.org/10.1136/bmjopen-2016-012447
https://doi.org/10.1136/bmjopen-2016-012447
https://www.endomondo.com/
https://www.endomondo.com/
https://doi.org/10.1145/2675133.2675135
https://doi.org/10.24921/2020.94115943
https://doi.org/10.1007/s10964-013-9986-5
https://doi.org/10.1007/s10964-013-9986-5
https://doi.org/10.1177/1555412013496891
https://doi.org/10.1177/1555412013496891
https://www.fitbit.com/app
https://www.fitbit.com/app
http://www.pewinternet.org/2012/11/08/mobile-health-2012/
https://www.freeletics.com/
https://www.freeletics.com/
https://doi.org/10.1145/2750858.2804290
https://doi.org/10.1145/2750858.2804290
https://doi.org/10.1348/135910708X397034
https://doi.org/10.1145/2702123.2702561
https://doi.org/10.1145/2702123.2702561
https://doi.org/10.1186/s12889-016-3593-9
https://doi.org/10.1109/EMBC.2016.7591428
https://doi.org/10.1145/2470654.2466452
https://theconversation.com/a-weight-loss-app-may-be-a-risky-way-to-address-obesity-in-children-122129
https://theconversation.com/a-weight-loss-app-may-be-a-risky-way-to-address-obesity-in-children-122129
https://doi.org/10.1007/978-3-319-22668-2_19
https://doi.org/10.1007/978-3-319-22668-2_19
https://doi.org/10.1016/j.amepre.2009.01.021
https://doi.org/10.1145/3173574.3173980
https://doi.org/10.1145/2858036.2858225
https://doi.org/10.1145/77481.77486
https://doi.org/10.4108/icst.pervasivehealth.2012.248691
https://doi.org/10.4108/icst.pervasivehealth.2012.248691


Informed Choices, Progress Monitoring and Comparison with Peers MobileHCI ’21, September 27-October 1, 2021, Toulouse & Virtual, France

org/10.4108/icst.pervasivehealth.2012.248691
[43] Johan Y Y Ng, Nikos Ntoumanis, Cecilie Thøgersen-Ntoumani, Edward L Deci,

Richard M Ryan, Joan L Duda, and Geoffrey CWilliams. 2012. Self-Determination
Theory Applied to Health Contexts: A Meta-Analysis. Perspectives on Psychologi-
cal Science 7, 4 (jun 2012), 325–340. https://doi.org/10.1177/1745691612447309

[44] Kiemute Oyibo, Ifeoma Adaji, Abdul Hammid Olagunju, Ralph Deters, Babatunde
Olabenjo, and Julita Vassileva. 2019. Ben’fit: Design, implementation and evalua-
tion of a culture-tailored fitness app. In ACM UMAP 2019 Adjunct - Adjunct Pub-
lication of the 27th Conference on User Modeling, Adaptation and Personalization.
ACM, New York, NY, USA, 161–166. https://doi.org/10.1145/3314183.3323854

[45] Erika A Patall, Harris Cooper, and Susan R Wynn. 2010. The effectiveness and
relative importance of choice in the classroom. Journal of Educational Psychology
102, 4 (2010), 896–915. https://doi.org/10.1037/a0019545

[46] Wei Peng, Shaheen Kanthawala, Shupei Yuan, and Syed Ali Hussain. 2016. A
qualitative study of user perceptions of mobile health apps. BMC Public Health
16, 1 (2016), 1–11. https://doi.org/10.1186/s12889-016-3808-0

[47] Dorian Peters, Rafael A. Calvo, and Richard M. Ryan. 2018. Designing for moti-
vation, engagement and wellbeing in digital experience. Frontiers in Psychology
9, MAY (2018), 1–15. https://doi.org/10.3389/fpsyg.2018.00797

[48] Hua Qin, Pei-Luen Patrick Rau, and Gavriel Salvendy. 2010. Effects of different
scenarios of game difficulty on player immersion. Interacting with Computers 22,
3 (2010), 230–239. https://doi.org/10.1016/j.intcom.2009.12.004

[49] Scott Rigby and Richard M Ryan. 2011. Glued to games: How video games draw
us in and hold us spellbound. Praeger/ABC-CLIO, Santa Barbara, CA, US. xiii,
186–xiii, 186 pages.

[50] Richard M. Ryan and James P Connell. 1989. Perceived Locus of Causality and
Internalizatoin: Examining Reasons for Acting in Two Domains. Journal of
Personality and Social Psychology 57, 5 (1989), 749–761. https://doi.org/10.1037/
/0022-3514.57.5.749

[51] Richard M Ryan, James P Connell, and Edward L Deci. 1985. A motivational
analysis of self-determination and self-regulation in education. Research on
motivation in education: The classroom milieu 2 (1985), 13–51.

[52] Richard M. Ryan and Edward L. Deci. 2017. Self-Determination Theory Basic Psy-
chological Needs inMotivation, Development andWellness. THEGUILFORD PRESS,
370 Seventh Avenue, Suite 1200, New York, NY 10001. 770 pages. https://www.
guilford.com/books/Self-Determination-Theory/Ryan-Deci/9781462528769

[53] Richard M Ryan, Kennon M Sheldon, Tim Kasser, and Edward L Deci. 1996. All
goals are not created equal: An organismic perspective on the nature of goals and
their regulation. In The psychology of action: Linking cognition and motivation to
behavior., P. M. Gollwitzer and J. A. Bargh (Eds.). Guilford Press, New York, US,
7–26.

[54] Supraja Sankaran, Ines Frederix, Mieke Haesen, Paul Dendale, Kris Luyten, and
Karin Coninx. 2016. A grounded approach for applying behavior change tech-
niques in mobile cardiac tele-rehabilitation. ACM International Conference Pro-
ceeding Series 29-June-20 (2016), 1–8. https://doi.org/10.1145/2910674.2910680

[55] Stephanie Schoeppe, Stephanie Alley, Wendy Van Lippevelde, Nicola A. Bray,
Susan L. Williams, Mitch J. Duncan, and Corneel Vandelanotte. 2016. Efficacy
of interventions that use apps to improve diet, physical activity and sedentary
behaviour: A systematic review. International Journal of Behavioral Nutrition and
Physical Activity 13, 1 (2016), 3–26. https://doi.org/10.1186/s12966-016-0454-y

[56] B. Skarecki. 2015. Running Apps Have Hurt My Progress, Not Helped
It. https://vitals.lifehacker.com/running-apps-have-hurt-my-progress-not-
helped-it-1729318194

[57] Alison Smith, Nikos Ntoumanis, and Joan Duda. 2007. Goal striving, goal at-
tainment, and well-being: Adapting and testing the self-concordance model in
sport. Journal of Sport and Exercise Psychology 29, 6 (2007), 763–782. https:
//doi.org/10.1123/jsep.29.6.763

[58] Alison L. Smith, Nikos Ntoumanis, Joan L. Duda, and Maarten Vansteenkiste.
2011. Goal striving, coping, and well-being: A prospective investigation of the
self-concordance model in sport. Journal of Sport and Exercise Psychology 33, 1
(2011), 124–145. https://doi.org/10.1123/jsep.33.1.124

[59] StepsApp GmbH. 2020. Step Counter and Walking Tracker. https://steps.app/en
[60] Strava Inc. 2020. Strava: app for runners and cyclists. https://www.strava.com/
[61] H. Streubert and D. Carpenter. 2011. Qualitative research in nursing, in Advancing

the Humanistic Imperative (5th edition ed.). Lippincott Williams & Wilkins,
Philadelphia, PA, USA.

[62] Tammy Toscos, Anne Faber, Shunying An, and Mona Praful Gandhi. 2006. Chick
Clique: Persuasive Technology to Motivate Teenage Girls to Exercise Tammy. In
Extended Abstracts of the 2006 CHI Conference on Human FActors in Computing
Systems - CHI’06. Association for Computing Machinery, New York, NY, USA,
1873–1878. https://doi.org/10.1145/1125451.1125805

[63] Under Armour Inc. 2020. MyFitnessPal: Fitness starts with what you eat. https:
//www.myfitnesspal.com/

[64] University of Colorado Hospital. 2003. Training for Cardiovascu-
lar Fitness. Technical Report. University Sports Medicine. 1–3 pages.
https://www1.ucdenver.edu/docs/librariesprovider65/clinical-services/sports-
medicine/training-for-cardiovascular-fitness.pdf

[65] Maarten Vansteenkiste and Richard M Ryan. 2013. On psychological growth
and vulnerability: Basic psychological need satisfaction and need frustration as
a unifying principle. Journal of Psychotherapy Integration 23, 3 (2013), 263–280.
https://doi.org/10.1037/a0032359

[66] Gabriela Villalobos-Zúñiga and Mauro Cherubini. 2020. Apps That Motivate: a
Taxonomy of App Features Based on Self-Determination Theory. International
Journal of Human-Computer Studies 140, 102449 (2020), 102449. https://doi.org/
10.1016/j.ijhcs.2020.102449

[67] Tobias Wolf, Steffen Jahn, Maik Hammerschmidt, and Welf H. Weiger. 2020.
Competition versus cooperation: How technology-facilitated social interdepen-
dence initiates the self-improvement chain. International Journal of Research in
Marketing (2020). https://doi.org/10.1016/j.ijresmar.2020.06.001

[68] Julia Woodward, Zari McFadden, Nicole Shiver, Amir Ben-Hayon, Jason C. Yip,
and Lisa Anthony. 2018. Using co-design to examine how children conceptualize
intelligent interfaces. Conference on Human Factors in Computing Systems -
Proceedings 2018-April (2018), 1–14. https://doi.org/10.1145/3173574.3174149

[69] Paweł W. Wozniak, Anton Fedosov, Eleonora Mencarini, and Kristina Knaving.
2017. Soil, Rock, and Snow: On Designing for Information Sharing in Outdoor
Sports. In Proceedings of the 2017 Conference on Designing Interactive Systems
(Edinburgh, United Kingdom) (DIS ’17). ACM, New York, NY, USA, 611–623.
https://doi.org/10.1145/3064663.3064741

https://doi.org/10.4108/icst.pervasivehealth.2012.248691
https://doi.org/10.1177/1745691612447309
https://doi.org/10.1145/3314183.3323854
https://doi.org/10.1037/a0019545
https://doi.org/10.1186/s12889-016-3808-0
https://doi.org/10.3389/fpsyg.2018.00797
https://doi.org/10.1016/j.intcom.2009.12.004
https://doi.org/10.1037//0022-3514.57.5.749
https://doi.org/10.1037//0022-3514.57.5.749
https://www.guilford.com/books/Self-Determination-Theory/Ryan-Deci/9781462528769
https://www.guilford.com/books/Self-Determination-Theory/Ryan-Deci/9781462528769
https://doi.org/10.1145/2910674.2910680
https://doi.org/10.1186/s12966-016-0454-y
https://vitals.lifehacker.com/running-apps-have-hurt-my-progress-not-helped-it-1729318194
https://vitals.lifehacker.com/running-apps-have-hurt-my-progress-not-helped-it-1729318194
https://doi.org/10.1123/jsep.29.6.763
https://doi.org/10.1123/jsep.29.6.763
https://doi.org/10.1123/jsep.33.1.124
https://steps.app/en
https://www.strava.com/
https://doi.org/10.1145/1125451.1125805
https://www.myfitnesspal.com/
https://www.myfitnesspal.com/
https://www1.ucdenver.edu/docs/librariesprovider65/clinical-services/sports-medicine/training-for-cardiovascular-fitness.pdf
https://www1.ucdenver.edu/docs/librariesprovider65/clinical-services/sports-medicine/training-for-cardiovascular-fitness.pdf
https://doi.org/10.1037/a0032359
https://doi.org/10.1016/j.ijhcs.2020.102449
https://doi.org/10.1016/j.ijhcs.2020.102449
https://doi.org/10.1016/j.ijresmar.2020.06.001
https://doi.org/10.1145/3173574.3174149
https://doi.org/10.1145/3064663.3064741


MobileHCI ’21, September 27-October 1, 2021, Toulouse & Virtual, France G. Villalobos-Zúñiga, et al.

A SUPPLEMENTARY MATERIAL

Replied to study call (n=77)

Contacted by first author to screen (n=77)

Did not reply to first author request (n = 8)

Screened (n=69)

Excluded (n = 12)
Did not have an iPhone 5 (had Android): 7

Did not complete the Screener: 5

Began the study (n = 57)

Concluded the study (n = 49)
Dropouts: 8

Figure 3: Flowchart showing the recruitment process for Agon study.
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