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ABSTRACT
Sedentary behavior is a determining cause for numerous illnesses,
such as cardiovascular diseases or diabetes. To counter this, the
World Health Organization recommends at least 30 minutes of
activity, such as walking, every day. We present a system making
use of fitness trackers to gather step counts and showing them
using a gamified mobile app and a gamified public display. We
performed a four-week in-the-wild study (N=12) to evaluate the
system and the effects of introducing a public display on walking
behavior. We found that adding the public display significantly
increased step counts and users’ motivation to walk, which seems
to be attributable to the significant increase in social relatedness. In
semi-structured interviews, we learned that besides encouraging
socialization, the public display made participants aware that their
step data is visible for outsiders and that they could be confronted
with their performance, providing additional motivation to increase
their step counts.

Figure 1: Public display installed at a fitness center during
the study and the smartphone application of our system
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1

INTRODUCTION

Modern societies are increasingly susceptible to physical inactivity
caused by more and more people leading sedentary lifestyles [41].
According to a US governmental report [1], more than 60% of Americans are not physically active on a regular basis, with 25% not being
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active at all. The lack of physical activity was shown to lead to a
wide range of health problems, including cardiovasicular diseases,
obesity and many other chronic illnesses [7]. Therefore, the World
Health Organization (WHO) recommends 30 minutes of moderate
physical activity every day as a preventative measure [2]. This is
supported by [39] showing that this amount of moderate physical
activity four or more days a week can provide substantial health
benefits. Moderate physical activity includes walking, which most
likely is part of the daily life of most people, thus offering a great
potential to increase personal health [27].
This potential was recognized and numerous interventions aiming at encouraging physical activity by using fitness trackers or
pedometers were conceptualized and implemented [21, 25]. Often,
such systems make use of gamification (the use of game elements
in non-game contexts [17]) as an additional stimulus triggering a
more active lifestyle [21, 43]. Some of these gamified systems also
incorporate a public display (e.g. [10, 29, 31]), and found indications
that it encouraged socialization around fitness data. However, it is
currently not clear which effects are caused by the public display
and its publicness itself, by the system providing feedback to the
users or by the game elements that were implemented.
To better understand the effect of introducing a public display to
encourage physical activity, we present a gamified system consisting of a fitness tracker, a mobile app and a public display aiming at
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encouraging people to walk more. We report findings from a fourweek in-the-wild study (N=12), that has been conducted in a student
council and a local fitness center, in which we analyze the effects of
introducing a public display in addition to a mobile app. To isolate
the effect of introducing a public display on walking behavior, the
study follows a within-subjects design, comparing baseline, apponly and public display conditions. To ensure comparability, both
public display and the mobile app share exactly the same interfaceand game elements. Our results show that adding a public display
has a positive influence on the daily step counts of participants and
that their motivation to walk increases, because participants feel a
higher sense of social relatedness [42]. Semi-structured interviews
support these quantitative findings and furthermore indicate that
the increased visibility to outsiders and the possibility to be confronted with one’s own performance in the area of the display were
determinant factors for participants to be more active.

2

RELATED WORK

To inform our approach, we inspected related work encouraging
physical activity through gamification and work using a gamified
public display for behavior change. In this paper, gamification refers
to the use of design elements, characteristic for games, in non-game
contexts as defined by Deterding et al. [17].

2.1

Physical Activity and Gamification

UbiFit Garden [14] shows a virtual garden on the wallpaper of users’
mobile phones. Progress towards step goals is reflected through
flowers and butterflies growing and appearing. A field test revealed
that automatically inferring the types of physical activities was
error-prone, while a follow-up study [13] showed that the system
had a positive effect on participants’ activity. In line with this work,
we use visual progress and goals, but decided not to allow tracking
multiple types of activities, to prevent credibility issues that come
from measurement errors, and ultimately hamper the persuasive
power of a system [19]. Consequently, we only track steps using
commercial devices allowing for reliable estimations [18].
StepStream [33] uses a social stream on a website, displaying achievements when students reach their daily step goals (without publicly
exposing them). Weekly sessions were held at school, where students were encouraged to use this website. Whereas the system did
not lead to an increase in step counts, attitudes towards physical
activity became more positive. One explanation for this might be
that students were socializing around fitness activities which may
have impacted their sense of social support. We expect similar effects due to the public display providing a place for socialization. In
addition, as the public display reveals the performance of each user,
we expect social recognition and accountability to be important
motivators enabling more specific discussions than in StepStream,
where step counts were not publicly visible. As a main reason for
why no significant increase was found for step counts, the authors
note that they are no experienced game designers and that the
playful approach might not have been as much fun as expected.
Consolvo et al. [12] present “Houston”, a fitness app having two
versions: the “personal” version using daily step goals, progress
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and step counts for the last seven days, as well as the “sharing”
version in which users were additionally able to see progress made
towards goals by others. Findings show that participants in the
“sharing” version were more likely to reach their daily step goal.
We include a similar set of game elements as “Houston” offers in
the “sharing” version and also follow the design requirements that
the authors derived. In addition to the mobile app incorporating
social comparison, we introduce a public display showing the same
elements to test how far this affects participant’s motivation to walk.
TripleBeat [16] helps users reaching their goals during exercise
routines. It uses uses electrocardiograms worn on the body to determine the heart rate, which is used to help the users staying within
a certain heart rate zone during exercise. In order to achieve this
goal, the system chooses the music being played, involves gamification elements like competition, and changes the music to faster or
slower songs in order to tell the user to speed up or down. A user
study showed that when using TripleBeat, users stayed 82.8% in
their target heart rate zone and that subjectively, the competitiveness was the main reason for enjoyment, motivating our concept
of using competitive aspects as well.

2.2

Gamified Public Displays for Behavior
Change

Using gamified public displays to encourage certain behaviors has
been researched in a number of ways. For example, Lessel et al. [28]
present a system to motivate users seperating their waste correctly
using a gamified public trash can and a public display. Moreover,
Community Mosaic [38], a public display where individuals can
share their eating habits, explores the effect of encouragement from
unknown people as opposed to encouragement from friends and
family. The authors found that the key contributing factor for the
increased awareness seems to have been the “perceived audience",
meaning that the participants felt that they were being watched,
and were trying to be a good example to others, which is in line of
what we expect to happen, once the public display is introduced in
addition to the mobile app.
In the domain of encouraging physical activity, Fish’n’Steps [31]
links users’ step counts to the growth and emotional state of a virtual fish to encourage them to walk more. There are two versions
of the system: all participants were able to see their fish tank, while
half of the participants were grouped in teams. The fish tanks of
each team, in which the virtual fish of all team members were living,
were shown on a public display. However, there were no differences
in the amount of steps walked between these two conditions. As
stated by the authors, this might have been due to the fact that
participants had little chance to socialize. In contrast to Fish’n’Steps,
we aim to assess the effect of introducing a public display on user
behavior instead of comparing two different system configurations.
Since we aim to place the public display in a prominent spot that is
easily accessible for all users of the system, we expect socialization
to be much higher, leading to positive effects on users’ motivation
to walk.
Cercos and Mueller [10] report findings from a system called “Watch
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your Steps”, in which a public display showing each participant’s
step count is used to encourage walking. A graph visualization
is used to show each participant’s daily step count. The authors
found that participants started socializing, e.g. they talked about
their daily activities. Moreover, findings suggest that it is important
for step counts to be up to date. As Fitbit pedometers in conjunction with the respective API were used, the frequency of pulling
step data was limited to 15 minutes, which was not always recent
enough. To minimize such issues, we decided to implement our own
API to read step data. Although not quantified, the authors report
that the public display led to an increased usage of the pedometers
and more motivation. However, it is not clear whether these effects
were due to the public data or because of the game elements.
Pediluma [29] aims to encourage walking by varying the intensity of a lighted accessory, which is attached to a shoe, depending
on how active users are. Findings suggest that the device had a
positive effect on participants’ motivation to walk as well as on
social interaction. Reasons include that the lighting itself serves as
a persistent reminder and a kind of positive reinforcement, and that
the accessory was visible for others. In line with previous work,
it is not clear which of these different aspects led to the increased
step counts. To counter this, we divide our study in three phases,
allowing us to investigate the effect of adding a public display in a
more isolated way.
Summing up, related work shows that gamification was used successfully to motivate people being physically active [12, 13, 16, 33],
motivating our approach of using gamification to encourage people
to increase their daily step counts. Moreover, these papers provided
valuable insights about game aspects that were perceived positively,
which we use to inform the concept for our gamifed system.
In the second part of the related work section, we presented approaches using public displays for behavior change. In general,
these approaches show that public displays encourage people to socialize around the visualized data. We expect similar effects and thus
hypothesize, based on the Self-Determination Theory (SDT) [42],
that this is beneficial for the intrinsic motivation of users, which
should lead to higher amounts of physical activity. So far, it is
unknown whether this assumption holds, i.e. whether showing
physical activity data publicly serves as an additional motivator
for behavior change, since comparing a public display to a corresponding application having the same gamification elements, has
not been investigated, as far as we know. We contribute to this both
by examining the effects of introducing a gamified public display
in addition to a gamified mobile app and by providing qualitative
insights about the perception of such a system.

3

SYSTEM DESIGN

To investigate the effects of introducing a gamified public display
on participants’ motivation to walk, we propose a system design
consisting of two main components: a mobile app connected to
a wrist-worn pedometer and a website that is shown on a public
display. Figure 2 illustrates the architecture of our system. Both
main components share the same user interface elements and game

Figure 2: System architecture
elements. To mediate the communication between smartphone app
and public display as well as between different users, a server was
implemented using WebSockets for event-based real time communication. This section explains all these components and motivates
why we included certain gamification elements in our system.

3.1

Smartphone Application

We implemented a native Android application to read steps from
the fitness tracker. The app allows users to pick a nickname as
well as choose a color that is used to identify themselves (e.g. on
the graphs). On the main view (see Figure 3b), each user is shown
their current step count, their step count of the past seven days
on a line chart, and information about whether the connection to
the fitness tracker is established. Moreover, users are able to see
the current step counts and nicknames of all other users in the
app underneath each other together with the time passed since the
last step update. Other users’ step counts of the past seven days
are also visualized on the graph. Moreover, the number of times
users reached their daily step goals is shown on a trophy icon next
to the each nickname. In the top bar, users are able to trigger the
synchronization manually by pressing a corresponding button. In
addition, a button is available to highlight oneself on the public
display, to allow users to easily find themselves.
To keep the step counts as up to date as possible, and minimize
issues related to data loss (cf. [23, 40]), the synchronization process
to read step counts is triggered frequently. The app notifies users
whenever a synchronization process was not successful for the last
ten hours. Therefore, the app installs a background service that
synchronizes step counts periodically (at least every 15 minutes). In
order to avoid users seeing their outdated step counts (which was
an issue in [10]), the background service synchronizes whenever
the device is unlocked. To read step counts and configure the Mi
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Figure 3: User interface of the public display (a) and the mobile app (b)
Band, we developed an API based on the open source app “GadgetBridge”1 , as no official API is available for the MiBand. Our
API2 provides methods to synchronize step counts, disable the LED
notifications (to ensure that no feedback is given during the baseline phase of our study) and to read basic information such as the
battery level. After a successful synchronization, the aggregated
step count for every minute of the day is returned, which is sent to
the webserver (distributing the step updates to all clients), whenever the smartphone is connected to the internet. The main view
is implemented as a web application. We decided to use a website
for the user interface as it allows us to show the same interface
on the public display without having confounding factors caused
by a different visual appearance, which would have reduced the
comparability of the app and the public display.

3.2

Public Display

The public display shows the same website as the mobile app, i.e. the
interface looked similar and the game elements were the same. The
only difference is that four users are shown next to each other
on the public display instead of underneath each other as in the
mobile app (see Figure 3). For each user, the same data as in the
smartphone application is shown (step count, progress towards
the daily goal, total goals reached and time since last updated). In
line with the smartphone application, a graph showing the step
history of the past seven days of each user is shown under the
user panels. The public display cycles automatically through all
users (every 15 seconds four different users are shown), as no direct
interaction with the display itself is possible. Technically, we used a
Raspberry Pi 3, connected to a screen, as public display, which, after
booting, opens the same website as the smartphone application in
a full-screen browser window.
1 https://github.com/Freeyourgadget/Gadgetbridge,

3.3

Server

The server is used to host the web page, handle real time communication with the app and the public display and store the stepand user data. Whenever the smartphone application sends new
step counts to the server, the step counts are parsed and stored in
the database. Afterwards, the step data is distributed to all clients
(smartphone application and public display).

3.4

Fitness Tracker

We use the Xiaomi Mi Band 13 for several reasons: First, the Mi
Band does not have a display, which is important for the baseline
phase of our study. Second, it has a battery life of at least 30 days,
meaning that participants do not need to recharge the battery,
which could lead to data loss or participants forgetting to wear the
band. Moreover, the Mi Band is water-resistant and thus can be
worn even when swimming. It is very lightweight (an important
requirement participants established in [14, 31]), able to store step
data up to ten days (which further reduces data loss) and was shown
to be precise compared to other commercial fitness trackers [18, 30].
Finally, the Mi Band is cheap [18], having a price of around 14$.

3.5

Gamification Elements

Based on the related work, we included the following gamification
elements (see Figure 3):
3.5.1 Journaling. Having a history of past activities was a design
recommendation from Consolvo et al. [12]. This is confirmed by
Ashford et al. [4], stating that interventions giving feedback on
past performance and the performance of others lead to the highest
levels of self-efficacy, which is beneficial to encourage physical
activity. By recording their physical activity, users learn how much
they usually walk. A history of past activity reminds them how

last accessed September 4, 2018

2 https://github.com/m-altmeyer/BandSynchronization, last accessed September 4, 2018

3 http://www.mi.com/en/miband/,

last accessed September 4, 2018
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much they walked in past days, and challenges them to reach the
same step count again. Our system provides this by recording the
user’s steps, and allowing the user to see their daily step count, as
well as their history for the past seven days. Inspired by [10], we
choose graphs to display the step counts of the past week for every
user. We limit the history to one week, in order to make the display
more easily comprehensible, and to make the users focus on the
current week, thereby reducing the chance of being demotivated
by poor performances in past weeks.

3.6
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Usability Test

Figure 4: User panel showing a users’ step count, the
progress towards the daily goal and how often a daily goal
was reached so far (a) and visualization of a user who has
reached the goal (b)
3.5.2 Achievements, Goals and Progression. According to [12],
the activity level performance is very important to users, i.e., most
participants were motivated by knowing their progress towards
the daily goal and appreciated receiving recognition for it. The
importance of daily step goals is also emphasized in [10, 13, 14]. In
line with [10], we decided to use 10,000 steps as the daily goal to be
reached. This appears to be reasonable, as it is the lower bound for
healthy adults to be considered “active” according to Tudor-Locke
et al. [46]. In addition, Le Masurier et al. [26] found that individuals
who achieve 10,000 steps/day are more likely to meet the physical
activity guidelines promoted by the Centers for Disease Control
and Prevention and the American College of Sports Medicine [39].
To also visualize the progress towards a goal, we decided to use a
circular progress bar, in the middle of which the current step count
is shown (see Figure 4a). As soon as the user reaches the step goal,
a blue glow is added to the circle and a trophy is shown. Next to
the trophy, the amount of days on which the user has reached the
step goal is displayed (see Figure 4b).
3.5.3 Social Comparison. Social comparison means that users
are given information about how well their performance compares
to the performance of others, and has the potential to motivate
people to perform a target behavior [19]. Since facilitating social
comparison is another recommendation from Consolvo et al. [12],
our system employs it by showing the step history of all users to
all other users and those coming by the public display. Besides
triggering the positive effects of social comparison, we also expect
that people start socializing around the data at the public display,
as was reported in [10]. We decided to show the current daily
step counts and the daily step counts of the past seven days to all
participants to encourage social comparison and social influence,
which were shown to be motivators in the physical activity context [4, 12, 20, 45]. As direct competition may also have detrimental
effects on improving step counts [22], especially when users perform differently and have different abilities [11], we decided not
to use a ranking. Instead, participant’s step counts were shown in
random order.

Figure 5: A scatter graph visualizing the average expectationand the average experience rating of every task. Tasks are
represented by 13 numbers with each task being explained
beneath the graph.
To ensure that our system is intuitively usable and to avoid
inducing confounding variables related to a bad usability in the
evaluation, we performed a usability test (5 participants, as proposed by [37], age 25 on average, 2 females) using the German
version of the System Usability Scale (SUS) [9], a think-aloud approach [36] and the “Expectation Measure” method [3]. In the latter,
users are first asked how hard they expect a task to be in the system
(without knowing it) and later have to complete the task within
the application and rate how hard they found the task to actually
be. The core idea of this method is that some tasks are inherently
harder perceived as others but that this perception is often idiosyncratic and thus by comparing expected and actual difficulty, these
differences can be taken into consideration. Also, by comparing
the expectation to the actual effort, one can find what elements
work well, and which need improvement. We identified 13 tasks
to cover all functionalities of our system (see Figure 5 for a list of
all tasks), which had to be rated before interacting with the system
and afterwards. The users did not receive a compensation and had
prior experience with using smartphones (M=5.2, SD=1.22) and
computers (Mean 5.2, SD=1.78) (rated on a 7-point Likert scale).
One of them had used fitness trackers before.
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4.1
The SUS revealed an average score of 87.5 (SD=5.90), indicating that
the overall usability of our system is “excellent” [5]. The Expectation Measure revealed that the average expected difficulty for each
of the tasks participants had to perform was either higher than or
roughly as high as the experienced difficulty (all tasks are above
or approximately on the red line in Figure 5). Most of the tasks are
placed in the upper right “don’t touch” quadrant, with task 13 even
being in the upper left ”promote it” quadrant, since it was expected
to be more difficult than it turned out to be. Task 2, 3, 10, and 9 were
on or slightly below the red line, meaning that they were perceived
to be (roughly) as hard as expected. Overall these results further
support that our system provides a very good usability, as all tasks
were in the quadrants that do not require adaptations of the system.
Nevertheless, we found some minor issues through the think-aloud
approach (e.g. language inconsistencies or problems interpreting
icon symbols), that were fixed for the in-the-wild evaluation.

4

EVALUATION

The goal was to investigate the effects of introducing a gamified
public display in addition to a gamified mobile app. We decided to
run a within-subject study: After the baseline phase, in which no
feedback was given at all (i.e. participants were not able to see their
step counts), an app-only phase followed, in which participants
had access to the mobile app, as presented above. Afterwards, the
public display was introduced in addition to the app. We tried to
find evidence for the following hypotheses:
• H1: Step counts are higher in the app-only phase compared
to the baseline
• H2: Step counts are higher in the public display phase (the
public display is present in addition to the app) compared to
the baseline
• H3: Step counts are higher in the public display phase compared to the app-only phase
• H4: Introducing the public display has a positive effect on
social relatedness and thus intrinsic motivation
H1 is motivated by the fact that receiving feedback and using
game elements should motivate participants to reflect on their behavior and challenge them to beat their own step counts [19, 22].
Even though there is related work in which introducing game elements did not increase step counts significantly (e.g. [31, 33]),
we expect that the app, showing step counts of other participants,
leverages participants’ natural drive to compete [19] and thus leads
to increased motivation as was reported in [12, 20, 45]. The motivation for H2 follows the same reasoning as for H1, since the
game elements and the interface are similar. However, social recognition, social pressure and social influence may additionally encourage participants [19], motivating H3. Moreover, the socialization
around step data, which was reported in [10], may have positive
effects on intrinsic motivation, as the feeling of social relatedness
might be increased, motivating H4. We assume this to have an
influence on participants’ motivation since social relatedness is
one of three dimensions of intrinsic motivation according to the
Self-Determination Theory (SDT) [42].

Method

Since we wanted to reduce chances of participants forgetting to
wear their fitness trackers (which is a major problem in such studies [23, 40]), we decided to conduct the study over a timespan of
four weeks so that participants are not required to reload the battery
of their trackers. The duration of the baseline phase, in which the
mobile app did not show any step data nor game elements, was one
week. This was followed by a one-week app-only phase, in which
the app automatically unlocked and all functionality and game
elements were active, and a two-week-long phase in which the
public display was introduced in addition to the app (public display
phase). The public display phase was longer, as we wanted to ensure that participants came across the public display multiple times.
We recruited members from a fitness center and from the student
council who regularly (at least twice a week) visit the space in
which each of the public displays were placed (one was placed in
a prominent spot in the fitness center (approximately 100 visitors
per day) and the other one was placed in a prominent spot in the
faculty room (frequently visited by students)). In the baseline and
app-only phase, the display was turned off. The two populations
(fitness center and student council) were separated, i.e. each public
display only showed step data from participants of the corresponding population. To investigate H1, H2 and H3, step counts were
measured and participants were required to wear the fitness trackers throughout the whole study. The fitness trackers did not give
any kind of feedback regarding participants’ steps.
Before the study started and between the study phases, participants
were required to fill out online questionnaires. These included demographics (only once before the study) and the German version of
the Balanced Measure of Psychological Needs scale (BPMN) [44] by
Neubauer and Voss [35] (after the app-only and the public display
phase). This scale can be used to determine the grade to which
the users’ needs for competence, autonomy, and relatedness are
fulfilled for a specific context. We used it to compare the effects of
the mobile app and the public display on intrinsic motivation, as
we expected the social relatedness to be higher when the public
display is present (cf. H4).
The questionnaires moreover included the short German version of
the International Physical Activity Questionnaire (“IPAQ-short”) [6].
This validated survey was shown to be a reliable method for measuring moderate physical activity (including walking) [32]. It uses
the Metabolic Equivalent of Tasks (MET) [6] to calculate physical
activity. The IPAQ was used to validate the step data from the fitness
trackers and check whether participants subjectively support the
step counts measured, giving additional information to investigate
H1, H2 and H3. Moreover, we logged the amount of app starts and
asked participants how often they were in proximity to the public
display in the online questionnaires to infer how frequently they
interacted with the system.
After the intervention, we met with participants to conduct semistructured interviews. This was done to learn more about reasons
for the effect of the public display in this setting. The interviews
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Baseline

App Only

Step
Count

M=9976.88,
SD=3345.08,
Mdn=9254.50

METmin /
week
BMPN
Autonomy
BMPN
Competence
BMPN
Relatedness

M=4594.33,
SD=4108.48,
Mdn=2967
-

-

-

sig.

M=10624.13,
SD=3376.29,
Mdn=9303.50

Public
Display
M=11603.08,
SD=3614.22,
Mdn=10991

M=5034.33,
SD=4079.14,
Mdn=3915
M=32.92,
SD=2.88,
Mdn=33
M=28.50,
SD=3.61,
Mdn=28.50
M=27.58,
SD=2.84,
Mdn=27

M=5672.33,
SD=4390.98,
Mdn=4330.50
M=34.08,
SD=3.37,
Mdn=33.50
M=29.67,
SD=5.48,
Mdn=29.50
M=30,
SD=3.98,
Mdn=28.50

p < .05*

p < .01*

-

-

p < .05**

Table 1: Overview of the main results for every study
phase. MET refers to the IPAQ Metabolic Equivalent
Times [6], BMPN to the Balanced Measure of Psychological Needs scale [44]. * Friedman ANOVA was performed
and Wilcoxon signed rank tests for post-hoc analysis. **
Wilcoxon signed rank test was used.

were directly transcribed and the transcripts were coded using a
directed content analysis [24], i.e. we went through the transcripts
to find themes related to the perception of the public display and for
reasons why it encouraged people to walk more. We then counted
for each theme how often it was mentioned and exemplary selected
statements related to each theme [15]. The following questions
were asked (additional questions were asked when the answers
revealed interesting aspects):
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was incomplete were that either participants forgot to wear the
fitness tracker the whole day or because the fitness tracker itself
had technical issues. Thus, 269 single days were analyzed: 70 days
in the baseline phase (first week), 74 in the app-only phase (second
week) as well as 125 in the public display phase (third and fourth
week). As revealed by a Shapiro-Wilk test, step data, data from the
IPAQ-short and the “relatedness” subscale of the BMPN were not
normally distributed. Therefore, if not otherwise specified, Friedmann tests were performed and Wilcoxon signed-rank tests with a
Bonferroni-Holm correction for post-hoc analysis. Main results are
shown in Table 1.
4.2.1 Interaction with the System. Participants frequently opened
the mobile app in the intervention phases (2.46 times/day in the
baseline (SD=3.56, Mdn=1), 4.38 times/day in the app-only (SD=3.44,
Mdn=3.75), 3.75 times/day in the public display phase (SD=1.86,
Mdn=3)). These amounts differed significantly (χ 2 (12)=8.977, p=0.01)
between the baseline and the app-only phase (Z=-2.18, p=0.029) but
not between the app-only and the public display phase (Z=-0.36,
p=0.721). This indicates that the gamification components, which
activated after the baseline phase, increased participants’ interest
in the smartphone app. The fact that there is no significant effect
between app-only and public display phase is not surprising, as the
app showed exactly the same as in the app-only phase. During the
public display phase, participants were in proximity to the public
display 5.20 times (SD=3.20, Mdn=4) on average. Overall these results suggest that participants actively and frequently interacted
with the mobile application and that it was possible to be influenced
by the public display, as they were in its proximity multiple times.

Do you think that the public display influenced the amount of steps
you walked? Why do you think so, especially considering that the app
showed the same data?
Were there discussions about the public display? Did other people
ask you questions about the display or your step data?

4.2

Results

We recruited 16 participants, of which we had to remove four (one
participant lost the band after the baseline phase, from two participants we only had step data from one day in the baseline phase due
to technical problems with the band, and one participant reported
that the band stopped working after two weeks). Of the remaining
12 participants (8 from the fitness center, 4 from the student council)
having an average age of 29.58 years (SD=5.93, Mdn=27, Min=24,
Max=42), 6 were female.
We removed single days from our sample on which the synchronized step data for a user was not complete, i.e. we inspected the
timestamps of the data and made sure that there was no data missing. Therefore, we needed to exclude 67 days overall (5.58 days
per participant on average). The main reasons for why step data

Figure 6: Step counts in each study phase. The x-axis represents participants, the y-axis step counts
4.2.2 Step Counts and Walking Behavior. On average, participants walked 9976.88 steps per day in the baseline phase, 10624.13
in the app-only phase and 11603.08 in the public display phase
(see Table 1). Each participant’s step count for the study phases is
shown in Figure 6. A Friedmann ANOVA among repeated measures
showed that these step counts differed significantly between the
study phases (χ 2 (12)=12.17, p=0.002). The amount of steps was statistically significantly higher in the public display phase than in the
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baseline (Z=-2.90, p=0.004, r=0.48) as well as significantly higher
in the public display phase than in the app-only phase (Z=-2.43,
p=0.015, r=0.41). However, no significant difference was found between the baseline and the app-only phase (Z=-1.65, p=0.099). While
these results support H2 and H3, we could not find supporting evidence for H1. The results show that the introduction of the public
display has a positive effect on the walking behavior of participants,
as the amount of steps is significantly higher in the public display
phase than in the app-only phase and the baseline. Finding that the
mobile application alone does not lead to a significant increase in
step counts is unexpected, but also in line with previous research
(e.g. [31]), although there exist research finding positive effects [12].
The self-reported physical activity (that was assessed using the
IPAQ-short) validates the aforementioned effects (results are shown
in Table 1). The MET-min/week values differed significantly throughout the study phases (χ 2 (12)=8.71, p=0.013). Post-hoc tests indicated
that the MET-min/week values were significantly higher (Z=-2.67,
p=0.008, r=0.45) in the public display compared to the baseline phase.
These were also significantly higher (Z=-2.29, p=0.022, r=0.38) in
the public display than in the app-only phase. In line with the actual
step counts, there was no significant difference between baseline
and the app-only phase (Z=-1.41, p=0.16). Finding the same effects between the study phases as for the step counts, the IPAQ
MET-min/week values support H2 and H3 even further, i.e. that
the public display had an effect on the walking behavior of participants, as not only step counts but also self-assessed physical
activity shows significant positive results.
4.2.3 Balanced Measure of Psychological Needs. Average scores
for each subscale of the BMPN scale are shown in Table 1. To test
for significant differences between the app-only and the public
display phase, we used paired samples t-tests for the competence
and autonomy subscales (as this data was normally distributed) and
a Wilcoxon Signed-Rank Test for the social relatedness subscale (as
this data was not normally distributed). As expected, we did not
find any significant effects for the competence (t(11) = -1.13, p =
0.28) nor the autonomy subscale (t(11) = -1.19, p = 0.26). However,
the social relatedness increased significantly in the public display
phase (Z=-2.25, p=0.024, r=0.38), supporting H4. This indicates, as
expected, that the public display encouraged socialization and led
to higher feelings of social belonging, which in turn might have
affected intrinsic motivation [42] and thereby might have been the
cause for the increase in physical activity.
4.2.4 Semi-Structured Interviews. When asked whether the public display influenced the amount of steps walked, all but two participants agreed. Asked for reasons, two main themes emerged:
• visibility for outsiders, mentioned by ten participants
• being confronted about the own performance by others, mentioned by seven participants.
Concerning the first theme (“visibility for outsiders”), participants stated that they were additionally motivated because the
public display was visible to people without the mobile app, thus
reaching a broader audience: “I was walking more steps because
other people could see it. I agree that this was also true for the app,
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but the display was visible to more people, even those that do not
have a fitnesstracker nor the app” (P3). Related to this, the app was
perceived as a closed system, in which participants were among
themselves, while in contrast the public display was visible to everyone, as P5 explains: ”On the one hand they [users in the app] were
in the same boat and on the other hand I didn’t know all of them.
But the display was visible to more people and I knew some of them“.
Here, it becomes also visible that the relationship to other users
might play a role in measuring how effective a public display using
social comparison is in motivating users.
Concerning the second theme (“being confronted about the own
performance by others”), 7 participants stated that the fact that people are able to directly confront users of the system (by knowing
their nickname or asking them about their performance directly
in front of the public display), when they are in proximity to the
public display, motivated them (“I think the public display led to
increased pressure. You always knew that whenever you go to the box
[the fitness center], it could be that someone would confront you with
the amount of steps that you have. Having this in mind, I didn’t want
to be exposed as performing particularly worse than others” (P10),
“I think the possibility that other people could approach me was a
big reason to care about my steps. Especially knowing that I have to
justify myself, when I have a low step count” (P2)). Related to this, 4
participants explicitly stated that they wanted to avoid being talked
about when having low step counts (“I told myself that I need to
walk more to not attract attention and thus have other people talking
about me” (P6)).
From the answers to the question whether there were discussions
about step data, we learned that only two participants actually
were confronted directly with their performance (P4 reported that
a coach told her that he is keeping an eye on her steps when she
is not around and P2 stated that he was confronted with his steps
multiple times, especially when his steps were low, which increased
his motivation to walk). However, all participants reported that
the display was a conversation starter (which is in line with the
finding that social relatedness increased significantly, cf. H4). Other
people (not taking part in the study) asked questions about how the
system worked and were joking about reasons for why participants
performed well.
We also asked the two participants who reported that the public display did not affect their performance (P9 and P11) for reasons.
P11 stated that he had the feeling that he walked more steps after the app was introduced. However, it was not possible for him
to further increase his step counts because of his occupation and
his daily routine. He also reported that he felt bad seeing other
players performing better than him (“After some time I did not pay
much attention to the display anymore since it was just not possible
to walk as many steps as they did, because of my job and so on. So I
stopped paying attention to the display”). P9 told us that she does
not need public recognition to perform well. However, she liked
the socialization around the public display, which she perceived to
be encouraging for other participants (she never heard of someone
being blamed because of a low step count).

Extending a Gamified Mobile App with a Public Display to Encourage Walking

4.3

Discussion and Limitations

The study revealed that introducing a gamified public display in
addition to a mobile app has positive effects on users’ walking behavior (H2, H3) as was shown by participants’ step counts and
the IPAQ MET-min/week values. Since the public display and the
mobile app shared one interface having the same game elements,
it is very probable that the public display led to this increase in
step counts. As hypothesized (H4), one reason for this is the higher
feeling of social relatedness, increasing the chance to positively
affect intrinsic motivation [42]. This was supported by participants
indicating that the public display encouraged socialization and
increased their motivation to walk because of a higher visibility
for outsiders and because they could be directly confronted with
their performance by others. Related to this, participants reported
feelings of social recognition and accountability. Although these
findings are partially more related to peer pressure than socialization, they align well with the increased social relatedness, as the
feeling of belonging increases the power of peer influence and promotes peer conformity [8]. The motivational effect of these aspects
is also explainable through Fogg’s [19] principle of recognition,
stating that public recognition increases the likelihood that subjects adopt a target behavior.
In contrast to H1, the mobile app alone did not lead to a significant
increase in step counts compared to the baseline. Given previous literature, this is not surprising, as research about using step trackers
to motivate people being physically active is inconclusive: While
some investigations were able to show effects of pedometers on
daily step counts [47], others did not find effects [31]. Reasons for
not finding an effect might be related to observer effects in the baseline phase [34], i.e. the fact that participants knew that their step
counts were recorded and thus increased them in the baseline [19].
As of our study duration, we also cannot rule out novelty effects
(which might also have had an influence on the walking behavior
in the baseline and/or in the intervention phases). Furthermore,
we are aware that there might have been ordering effects in our
within-subjects design, as we decided against counterbalancing the
study phases. This was a conscious decision due to two reasons:
first, installing the public display in a prominent area would also
affect participants in different study phases, as the public display
would have been visible for them, too. Second, it was shown that
removing feedback mechanisms (the public display) has detrimental
effects to participants in the gamification context [22].
Another limitation is that we cannot determine with certainty
whether knowing that the public display is installed, or its actual
physical presence, led to the increase in step counts. However, qualitative data from the interviews and the increase in social relatedness
indicate that the public display was a reason for communication,
suggesting that its physical presence was the deciding cause for
the effects. Nevertheless, an interesting research direction is to investigate whether just the knowledge that one’s own performance
is publicly exposed leads to similar effects. Additionally, we acknowledge that our sample size was rather low, which might be
an explanation for why we could not find supporting evidence for
H1. We computed the post-hoc power of our study and found it to
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be 0.56 for the step count tests, which is still acceptable according
to [48], but also shows that validating our findings with more participants is an important next step.
Since we focused on the effect of introducing a public display in
addition to a mobile app, it is unclear whether a public display
alone would have led to similar results. We decided to investigate
the combination of a public display and a mobile app since having
a public display alone would have resulted in removing feedback
mechanisms, which might have negatively affected participants,
leading to skewed results [22]. As the public showing of the data
was the only element that changed, and due to the increased perceived social relatedness, we are confident that our results indicate
that showing the data publicly led to the increased step counts.

5

CONCLUSION AND FUTURE WORK

We presented a gamified system consisting of a fitness tracker, a
mobile app and a public display application to elaborate on the
effect of introducing a public display on users’ motivation and
step counts. So far, to our knowledge, it was not clear whether
and why a gamified public display motivates people to increase
their activity. With this paper we contributed to this by showing
that the gamified public display led to a significant increase of step
counts, which is attributable to the significantly higher perceived social relatedness. We moreover investigated reasons for this through
semi-structured interviews. We learned that besides triggering communication, the public display increased participants’ feeling of
accountability, made them aware that their step data is visible for
outsiders and that they could be confronted with their performance.
For future work, analyzing whether solely knowing that data is
shown on a public display without participants passing by also has
an effect on users’ behavior might be an interesting question. Also,
repeating the study with more participants and a longer duration
would help reduce novelty effects and validate our findings.
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