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Introducing technology into games can improve players’ game experience. However, it can also reduce
the amount of physical activity and social interaction. In this article, we discuss how we enhance the
game of tag with technology such that physical and social characteristics of the game are retained. We
first present an analysis of the behavior of children playing traditional tag games. Based on these obser-
vations, we designed the Interactive Tag Playground (ITP), an interactive installation that uses tracking
and floor projections to enhance the game of tag. We evaluate the ITP in one user study with adults
and one with children. We compare players’ reported experiences when playing both traditional and
interactive tag. Players report significantly higher engagement and immersion when playing interactive
tag. We also use tracking data collected automatically to quantitatively analyze player behavior in both
tag games. Players exhibit similar patterns of physical activity and interactions in both game types. We
can therefore conclude that interactive technology can be used to make traditional games more engaging,
without losing social and physical character of the game.

� 2016 Elsevier B.V. All rights reserved.
1. Introduction

Play has been studied extensively for many years motivated by
the positive effect it has on the development of children [1,2].
Besides being fun, play allows children to learn in a playful envi-
ronment [3], develop and practice norms and beliefs [4],
strengthen bonds between friends and family [5,6] or refine motor
skills to understand what their bodies are capable of [7]. With the
advent of digital games, PC gaming, console gaming and mobile
gaming are starting to replace the traditional playground or out-
door gaming that were common a few years ago. Studies have
shown that the time children spend consuming media or playing
video games is often accompanied by sedentary behavior [8]. This
has resulted in a major shift in children’s everyday lifes, and the
consequences of these changes are slowly coming to light. In most
digital games, children can be seen playing ‘‘together and apart”,
playing games with others but not interacting with them [9].
Moreover, digital games have also been linked to the increased
amount of sedentary behavior exhibited by young children in
western cultures [10]. This shift in play from traditional play-
grounds towards living rooms can prevent children from develop-
ing the necessary social skills needed later in life, and can be a
potential precursor for future health issues.

In an attempt to address these issues, there has been an
increased focus on developing games that employ interactive
technology. These games are designed to stimulate key aspects
of play such as physical activity [11] or social interactions [12].
Other games aim to steer player behavior towards positive out-
comes [13,14]. These games can take widely different forms,
ranging from small interactive toys [15] to room-sized interactive
playgrounds [16]. In many cases, these games are designed to
make the body of the players a key component of the interaction,
as this has been shown to increase a player’s fun and engage-
ment [17]. Although several guidelines on how to design such
interactive games or engaging game experiences have been intro-
duced [18–20], special consideration needs to be given to how
introducing interactive technology can affect the physical and
social aspects of play [12].

One way in which this can be accomplished is proposed by
Tetteroo et al. in [21]. They created a design taxonomy that contains
key elements of play derived from traditional children’s outdoor
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game analyses and literature. With this, they propose a method to
design interactive playground games. We, on the other hand, pro-
pose to augment an existing traditional playground game that
already promotes social and physically active behavior through
play. By enhancing the play environment in which the original
game is played, we aim to improve the game experience by making
it more fun and engaging without getting in the way of how the
game would traditionally be played. Our approach is to analyze
how the game is played, and design an interactive installation that
supports the play style exhibited by the players.

In this study, we enhance the traditional playground game of
tag. In tag, children adopt one of two roles: tagger or runner. When
players are taggers, their goal is to chase runners and tag (touch)
them. When they are runners, their goal is to avoid being tagged
by the taggers. If a player is tagged, the roles of both players switch.
These simple rules allow new players to understand the game
quickly and join others almost immediately. However, prolonged
play can lead to boredom since there are no win conditions. By
introducing technology into the playground, we envision a
plethora of opportunities to enhance the game which would other-
wise not be feasible.

In this paper, we first describe a pilot study where children
were asked to play tag in an uninstrumented open space. The game
sessions consisted of different versions of tag games, played with a
varying number of players. These game sessions were recorded and
analyzed to derive characteristics of how the game is played [22].
Based on these findings, we designed and implemented the Inter-
active Tag Playground (ITP), an interactive game installation that
aims to enhance the game experience of traditional tag games
while allowing players to exhibit playful, physically active and
social behavior [14,23]. The ITP tracks players inside the play-
ground, display game elements on the floor, and guide interactions
by processing the game logic. By doing this, the ITP becomes de
facto a referee, enforcing rules for the players in situations where
disagreements arise. Additionally, the ITP facilitates the analysis
of player behavior by logging automatically collected player data
such as position and role. By using this information in-game,
researchers can explore different gameplay interactions and ele-
ments and quickly see how they affect player behavior. By using
it offline, researchers can carry out player behavior analyses with-
out the need of annotation, significantly reducing the time
involved in the process.

To evaluate our playground, we conducted two user studies in
the ITP where we asked participants to play both traditional tag
and interactive tag. The first study was conducted with adults,
the second study with children. In both studies, we evaluated three
aspects of the ITP. First, we evaluated whether the ITP enhances the
game experience of traditional tag games. Second, we checked
whether the augmented tag game allows players to demonstrate
physically active and social behavior. Third, we analyzed specific
behavioral cues important in tag games to showcase the potential
of the ITP as a game research platform. We accomplished this using
questionnaires, semi-structured interviews, observations, and
objective analysis of the data automatically collected by the ITP.

This article is structured as follows. In the following section, we
present a short overview of how technology is used to enhance
games, and point out design considerations. In Section 3, we
describe our study of traditional tag games, highlighting the
requirements needed to build an installation that supports this
style of play. In Section 4, we introduce our interactive installation,
the Interactive Tag Playground. In Section 5, we describe our two
user studies, the results of our observations and the discussions
with the players. We also present the results of the game experi-
ence evaluation and the player behavior analysis of the interactive
tag games. Finally, we summarize our findings and discuss avenues
for future work in Section 6.
2. Enhancing games using technology

Besides creating novel games, technology can also be used to
enhance the user experience of traditional games. For instance,
the ‘‘BuzzTag” installation provides players the opportunity to play
games similar to traditional tag games, but using interactive
devices to enhance the interaction [24]. One of the main goals is
to maintain face-to-face social interactions during play. To this
end, they use wireless devices that provide haptic, visual and audi-
tory feedback. In ‘‘BuzzTag”, the player who possesses the ‘‘buzz”
needs to get rid of it by tagging other players. Another example
is the ‘‘Table Tennis for Three” game installation designed by Mueller
et al. [25]. The goal of their installation is to allow players that
are not physically colocated to play table tennis together. Further-
more, instead of just playing against one other player, you play
against two.

Technology can also be used to enhance games by modifying
gameplay elements based on automatically measured player
data. For example, heart rate measurements have been used to
change game elements in the ‘‘Beats Down” mobile game [26].
Their game concept resembles the well known ‘‘whack-a-mole”
game: given a set of tiles, the user needs to quickly tap the tiles
that are flashing. There are two variations of the game. In chal-
lenge mode, heart rate is used to modulate the flashing fre-
quency, allowing players to get more points by increasing their
heart rate and, therefore, the number of flashing tiles. In relax
mode, players get point multipliers that increase as the player’s
heart rate decreases. Navarro et al. also use heart rate measure-
ments to adapt actions in-game in the ‘‘Webz of Wars” game
[27]. Right before the game starts, a baseline heart rate measure-
ment is taken. Afterwards, in-game heart rate measurements are
used to scale the power of a player’s attacks. The higher the heart
rate is in comparison to the baseline, the more effort the player is
putting in, the more powerful the attack gets. Landry and Pares
also look at player exertion, but propose computer vision algo-
rithms to measure it in the ‘‘Interactive Slide” [28]. The installa-
tion consists of an inflatable slide equipped with a camera
projection system, in which the cameras are used to track players
and the projectors are used to display the game elements onto
the slide. By measuring the amount of movement of groups of
players, the system is able to adjust the tempo of the game,
triggering different amounts of physical activity.

One specific type of gameplay adaptation that has been used in
many studies is skill balancing. Skill balancing aims to help people
with different skills play together by changing game elements. The
adaptation can be achieved by automating processes based on
in-game measurements, or offline based on previous player infor-
mation. The latter, for instance, was used by Altimira et al. when
attempting to balance player’ skills in Wii table tennis [29]. Players
were asked beforehand to assess their own skill at table tennis, and
the best players were given handicaps before the game sessions. To
balance skills using automated measurements, data can be
obtained from external sensors or from the game itself. Stach
et al. balance the difficulty of a cycling exergame using heart rate
monitors [30]. The ‘‘Heart Burn” racing game allows people of dif-
ferent fitness levels to compete not by measuring the speed at
which they cycle, but the effort they put in as measured by their
heart rate. This information is used to scale their in-game perfor-
mance. On the other hand, Vicencio-Moreira et al. use in-game data
to balance the skills of opposing players in a first-person shooter
[31]. They use two methods to achieve this: ‘‘Bullet Magnetism”,
which makes bullets home in on the target within a given activation
range, and ‘‘Area Cursor”, which increases the activation area for
a target hit. The assistance is given to the player with the least
number of kills, in proportion to how far behind from the other
players he is.
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One important aspect that needs to be considered when intro-
ducing technology into games is the effect it can have in the inher-
ent benefits of traditional play. Isbister argues that in real life we
connect through physical experiences, and that games should
not be any different [12]. She mentions that the use of screens or
projections could limit the amount of social interaction between
players. Sturm et al. agree with this, saying that embodied games
can and should stimulate group play and social interactions, both
of which are strong motivators for engaging in physical activity
[32]. For example, Lindley et al. show that embodied games can
help increase engagement as well as enhance social interactions
when compared to playing with traditional controllers [33]. Some-
times, though, designing interactive systems that support the
positive aspects of play is not enough. In [17], Berthouze studies
how body movement and engagement in games are related, and
discusses the difference in strategies with which players approach
a game: ‘‘hard-fun” and ‘‘easy-fun”. In the hard-fun strategy, play-
ers are solely concerned with winning and will exploit technology
to their advantage. For instance, during the analysis of several
embodied games, they saw hard-fun players limiting their move-
ments to the bare minimum since winning was easier when mov-
ing less [34]. This shows that planning carefully how to introduce
technology in games is necessary, but so is studying how players
interact with the technology once it is in place.

Instead of developing a game that is designed specifically to
promote social interactions or physical activity, we propose using
technology to augment an existing playground game that inher-
ently promotes these key aspects of play. We start by analyzing
the way the game of tag is played traditionally, and design an
installation that supports the style of play exhibited by the players.
In doing so, we enhance the game experience without limiting
players’ ability to express themselves socially or physically. This
is accomplised by allowing players to interact with each other,
and with the system, in a natural way without the assistance of
wearables or tangible play objects as used in other studies
[24,35]. Additionally, our installation facilitates the collection of
player data during the game to enable the design of novel game
interactions as well as the analysis of player behavior. We achieve
this by using cameras, which have the added benefit of allowing
players to move freely during play. This approach is similar to what
has been attempted in [21,28]. We, however, do not require tags to
detect players and are capable of tracking players individually as
they move in the playground.
3. Analysis of traditional tag games

We decided to augment the game of tag as children play it
regularly. To understand how to enhance the game, we conducted
a pilot study where we asked children to play different versions of
traditional tag in an uninstrumented space. These game sessions
were recorded, annotated and analyzed to get insights on how the
game is played, its shortcomings, and possible ways to enhance it.

3.1. Play corpus

We recorded the Play corpus, a dataset that contains children
playing different versions of tag games.1 The game sessions were
played in an open space of 7� 6 m. The children that took part in
these recordings were between 8 and 12 years old. Besides normal
tag, the children also played three variations of the standard game.
In this study, we focus our analysis on the standard version of tag.

There were 9 sessions of normal tag, which lasted in total 12
and a half minutes. During this time, 74 tag occurrences took place,
1 The Play corpus can be obtained from http://hmi.ewi.utwente.nl/playcorpus.
which means that, on average, there was one tag every 10.14 s. A
maximum of 8 players could play simultaneously in each session.
One researcher acted as a referee during the tag sessions. The role
of the referee was to instruct players to enter or leave the playing
area, assign the role of the tagger at the beginning of each game
session, and start or stop game sessions. As such, the duration of
the game sessions and the number of players taking part in each
session vary.

To record the game sessions, we used two methods. For the first
method we used three RGB cameras, which were located outside
the playing area forming an equilateral triangle. This meant that
all children were visible from at least one camera during the entire
game session. For the second method we placed four Microsoft
Kinect sensors on the ceiling of the playing area to capture
top-down depth images of the game sessions. These images were
manually stitched together and used as the basis for our offline,
semi-supervised tracker. A moving median filter was applied on
the position data to smooth out the noise on the tracked positions.
The roles of the players were manually annotated by only one
person given the objective nature of the data.

3.2. Insights of traditional tag games analysis

During the recording and analysis of the Play corpus, several
important observations were made. These observations helped us
identify aspects of the game that we should try to maintain, and
potential challenges we would need to deal with when enhancing
the game of tag. These are detailed below. We also briefly describe
the process by which the behavior was analyzed, to showcase how
it could be improved in an interactive installation.

3.2.1. Player behavior
The players were highly active during all game sessions. Many

players really exerted themselves when running to tag other play-
ers, or to run away from them. Besides running, players also slid on
the floor, jumped, ducked or pushed other players around in an
attempt to prevent being tagged. We never saw children walking
or losing interest in the game due to exhaustion, but this could
be because we allowed them to rest by bringing other children into
the game while they waited just outside of the playing area.

We also saw players interact with each other often and in many
different ways. The most common one was verbal communication,
for instance, to ask who the tagger was or jest about the game.
Nonetheless, players also taunted each other, or tried to get
revenge when tagged. Some players also exhibited acts of decep-
tion, as they pretended not to be taggers to make it easy to tag
other players, or pretended not to be tagged because they wanted
to be runners.

Players had a lot of fun during the game. They looked happy and
engaged throughout most of the sessions, with a couple of excep-
tions due to some players not being very good at tag. A lot of yells
and laughter could be heard during the sessions. Also, some actions
unrelated to the game could be witnessed, such as players dancing
or pretending to swim on the floor.

3.2.2. Tag game shortcomings
There are several events that can disrupt the flow of the game,

or outright cause the game to end before players meant to stop
playing. We call these break-downs of play. We observed several
of these during the recording of the Play corpus, the most common
one being losing track of who the tagger was. When the game
started, it was fairly easy for everyone to identify who the tagger
was. However, as the game progressed, children started running
with their backs to other players, which resulted in them being
unable to identify who the tagger was afterwards. This was espe-
cially evident in sessions where the number of players was high

http://hmi.ewi.utwente.nl/playcorpus


70 A. Moreno et al. / Entertainment Computing 16 (2016) 67–79
(6–8 players). Additionally, we observed players pretending not to
be the tagger, walking close to someone, and then tagging them.
Sometimes, players cheated saying they had not been tagged.
When confusion ensued, the game sometimes would break down.

Another problem that sometimes led to play breaking down
was the difference in abilities between some players. Certain play-
ers were quite slow in comparison to other players, and thus had
difficulty tagging. After several unsuccessful attempts, they would
slow down and eventually give up. This is understandable as frus-
tration builds up from not being able to tag others. This not only
affects the tagger, but also the runners that are not being chal-
lenged. They would also start to slow down and eventually taunt
the tagger to attempt to restore the interest in the game. This
sometimes helped temporarily, but after some unsuccessful
attempts, apathy kicked in again. In many cases, the referee had
to assign a new tagger or recruit an additional tagger from the pool
of players and restart the session.

3.2.3. Difficulties processing the data
To analyze the behavior of the players, we had to manually pro-

cess the data, even though we had automated certain processes.
For instance, we implemented a semi-supervised tracker to help
us with the acquisition of the position data for the players. The
depth information from the Kinects allowed us to separate back-
ground (floor) from foreground (players) and detect and track each
player in the playing area. Usually, tracking results were propa-
gated automatically. However, when players got too close to each
other, their contours would merge, resulting in the tracker detect-
ing them as only one player. Since each player was given a unique
label at the start of the recordings, when this happened, it was
impossible for the tracker to consistently assign the correct label
to the merged players once they split up. In these cases, manual
input was requested by the system. Missing detections were inter-
polated if they were missing for less than three seconds, otherwise
manual input of the location was needed as well.

RGB cameras were used to manually annotate the roles of the
players. An annotator had to go over the video several times as
many players did not behave according to their role. This was wit-
nessed often during tags. Some players would pretend they had not
been tagged, which meant the previous tagger was confused as to
whether he had to continue being the tagger or not. Sometimes,
the tag was not noticed by the tagged player, and the same situa-
tion ensued. In both cases, usually the player who had been the
tagger would revert to the tagging role after a short period of time.
Sometimes it was not clear if someone had been tagged due to
occlusion, even when having three different cameras.

3.3. Requirements for enhancing tag game spaces

One of the reasons to collect the Play corpus was to understand
the behavior analysis process and how the game is played. Below,
we present several design requirements for our interactive tag
game installation derived from the insights gained from analyzing
player behavior in the Play corpus.

3.3.1. Fun and engagement
The main requirement of an entertainment installation is to

provide an engaging and fun experience. One way to achieve this
is by enhancing the original game of tag by adding game elements
that introduce variety to the game. Since we do not want to affect
player behavior, we need to employ methods that allow players to
behave as they normally would. Following this, the use of projec-
tions is a good approach, as additional information can be displayed
onto the playing area without disrupting play. Ambient speakers
would also work towards this goal.
Another way to maintain player engagement is by adapting
game mechanics as studies have shown that games that always
play out the same can become boring [36]. As such, the playground
should be capable of adapting its gameplay based on cues sensed
from each specific play-through. This would guarantee different
experiences since gameplay would change in an ad-hoc manner.
A specific example of this is skill-balancing, which would be very
useful in tag games as big disparities in skills led to the break-
down of play in the Play corpus. Although learning to deal with
these issues is an important aspect of play, when left unchecked,
players can become annoyed or irritated.

In this regard, the playground should aim to minimize the
chances of play breaking down, as they can detract from the overall
game experience. Besides skill disparities, other common causes
for the break-down of play were players being confused on who
the tagger is, or people pretending to not have been tagged. The
system should, at the very least, try to prevent these issues. This
could be achieved by mediating the interactions between players
and the game.

3.3.2. Unobtrusive and autonomous functioning
An important design consideration for the development of our

installation is how to measure player behavior without obstructing
play. If players cannot play as they want, this would inevitably lead
to diminished levels of engagement and less natural behavior.
Since the playground should be able to run autonomously in public
spaces, we should not rely on wearable devices to gather player
data as researchers would need to be present to hand them out
and retrieve them. Using cameras to sense player behavior seems
a valid solution, as they can be used to measure behavior while
giving players the opportunity to play without restrictions. The
cameras should be placed such that they are not in the way of
the players.

Since the game of tag supports the concept of players joining
and leaving the game as they wish, our playground should also
support this easy-in, easy-out style of play. The playground should
be able to locate and track players that walk into the playing area
and add them to the game immediately. On the other hand, as soon
as they walk out, the system should remove them from play with-
out causing any disruption for the remaining players.

3.3.3. Physically active, social behavior
Tag games are especially effective at encouraging players to

exert themselves through running and chasing as key game
mechanics. To be able to retain this characteristic, players should
be allowed to run freely inside our interactive playground. Also,
since tagging is achieved by getting physically close to other
players and touching them, our playground should be capable of
detecting the position of each player in any given moment of the
game.

Players also exhibit a wide array of social behavior during tag
games, such as talking, joking, taunting, etc. As such, our installa-
tion should also support these types of social behavior. This means
players should be capable of communicating verbally and physi-
cally while playing.

3.3.4. Automation of tasks and data measurements
During the analysis of the Play corpus, player data had to be

manually annotated using video recordings. This process is time-
consuming and error-prone. If some, or all, of this information
could be collected automatically by the game installation, the
behavior analysis process would be significantly shortened. Not
only could this information be used post-game, but, if gathered
in real-time, it could be used in-game to react to specific events.
Therefore, our playground should directly obtain this information.



Fig. 1. Interaction between the ITP elements.

Fig. 2. Physical arrangement of the different hardware elements on the ceiling of
the ITP.

Fig. 3. Young adults playing tag in the ITP.
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4. The Interactive Tag Playground

Based on these requirements, we developed the Interactive Tag
Playground, an interactive game installation that uses sensor,
sound and projection technologies to enhance traditional tag
games. The ITP uses cameras to track players, projectors to display
visualizations on the floor of the playground, and PCs to process
the game logic and guide player interactions during the game
(Fig. 1). By automatically logging player data such as position
and role, the ITP doubles as a tool that facilitates research on
how game elements can affect player behavior and play
experiences.

The ITP consists of four Kinects located in the ceiling of the
playground. The Kinects are situated in a grid-like setup, 4.0 m
apart from each other. Two projectors are also located in the
ceiling, 4.0 m apart, in between the Kinects (Fig. 2). The ceiling
is situated at 5.3 m above the playing area, which allows us to
track players in a 7� 6 m area. With the two projectors, we
cover an area of approximately the same size. Speakers are used
to produce sound effects during the game, and can be located
either next to the playground or suspended from the ceiling.
With this setup, the ITP is capable of supporting an easy-in,
easy-out style of play, which fits its potential use as a public
installation.

At the start of each game, a tagger is chosen randomly from the
detected players. If the tagger leaves the playing area, the system
randomly chooses one of the remaining players as the new tagger.
To indicate the role of each player, the ITP displays colored circles
underneath the players: orange for taggers and blue for runners.
We use neon colors with an overly bright effect to achieve a look
that is appealing to children and well suited for projection onto
dark floors. These circles also leave bright trails behind them upon
movement (Fig. 3). We do this to make it clearer for the players
that their movement is being tracked and that it has an impact
on the game. The circles pulsate slightly to make it look as if they
were alive, making the game more dynamic.

When the game begins, the circles enter the playing field and
move towards the players to let them know that each one of
them has a circle that will follow them during the game. Like-
wise, whenever a new person enters the field, a new circle will
appear and move towards the new player. These circles play an
important role in the game since, instead of physically tagging
other players, the tagger has to get his circle to overlap with a
runner’s circle. When this happens, the color of both circles
switch to indicate that the roles have changed. A sound is also
played to indicate this event. If a player is tagged, he is not
allowed to tag the previous tagger back for two seconds, enforc-
ing a cool-down period. To make this clear to the players, their
circle becomes slightly transparent. This encourages players to
look for other players to tag. As such, the installation is de facto
a referee, capable of enforcing rules to prevent disagreements
between players. Fig. 4 shows an overview of the ITP architec-
ture. The most important components and tasks are described
subsequently.

4.1. Player tracking

Our online, top-down, multi-person tracker uses the depth
images from the Kinects as input to detect players. We only use
depth images because the game projections are better appreciated
in dark environments, which would make the use of RGB images
difficult due to the uneven and low illumination conditions. An
overview of the tracking process can be seen in Fig. 5. Player iden-
tity cannot be estimated from the low resolution, top-down depth
images. By default, depth images are not stored by the system to
protect the privacy of the players.
We detect the location of the players by applying a threshold to
the depth images to remove the floor and small objects that might
be present. The value of the threshold is chosen based on the height
of the players we want to track. We promote the head and shoulder
regions of the players by filtering the thresholded images with a
Difference of Gaussians kernel. Afterwards, we find the contour



Fig. 4. Overview of the ITP’s architecture.

Fig. 5. Overview of the tracking algorithm.
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of the areas with a high response to our filter, which typically
correspond to players, and find their centers of mass. Once we
have the centers of mass, we map the Kinect-specific coordinates
(pixels) to real-world coordinates (meters). This is done for each
Kinect. Finally, we merge detections that originate from different
Kinects but are within 0.5 m of each other to correct for overlap
in the Kinects’ field of views. This overlap is needed to make the
tracking more fluid when players move between Kinects.

Once the players have been detected, we use Kalman filters [37]
to track them in the playing area. The algorithm behind this filter
works recursively in two steps: a prediction and an update step.
During the prediction step, a Kalman filter tries to predict state
variables (e.g. position) based on their history (e.g. past positions)
and the estimated system model (e.g. laws of motion). During the
update step, newly measured values are used to correct the predic-
tion and update the system model. Detections are matched to the
tracks using the Kuhn-Munkres algorithm. This method minimizes
the cost of assigning detections to tracks which, in our case, con-
sists of the Euclidean distance between them.

When a new detection is found, we wait for five frames
(approximately 0.25 s) to make sure it is an actual player and not
camera noise before creating a track for it. When a track has no
assigned detection in a given frame, we wait 15 frames (approxi-
mately 0.75 s) before deleting it since most of the times it is a
player that went outside the field or below the threshold tem-
porarily. By doing this, we prevent creating unnecessary tracks or
deleting valid ones.

4.1.1. Tracker performance
To evaluate the tracker, we recorded and manually annotated

thirteen tag game sessions of one minute and a half. Four children
played simultaneously in each session. We use two metrics to eval-
uate the tracker. The first one evaluates the chance that a player’s
track would switch with that of another player. The second one
evaluates the chance that a player is lost by the tracker inside
the playing area. The results can be seen in Table 1.

Overall, the performance of the tracker is good. Out of 10 tag
occurrences, only one results in a track change between players.
On average, there are only two track switches per session i.e. one
every 45 s of play. Also, the low number of track losses inside the
playing area indicate that the tracker is very reliable in locating
players.



Table 1
Evaluation of the ITP’s tracker.

Number of frames 21877
Number of tags 265
Probability of track switch 9.81%
Percentage of time a player is not tracked 2.63%
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4.2. Distributed components

To simplify the process of designing and implementing interac-
tive rules or elements, the game logic is separated from the track-
ing system in the ITP. This is achieved by having the game engine
and the tracker in separate computers that communicate over a
network. The tracker PC sends the position of all players to the
game PC, which uses this information to drive the game interac-
tions. Since we can distribute tasks, it would be possible to use
additional computers to manage other tasks (e.g. projections,
sounds) or extend the effective playing area.

4.3. Data logging

The ITP can log the position and role information of all players
in real-time. This information can be used in-game to drive certain
game mechanics (e.g. display a circle underneath a player’s loca-
tion), or after the game to analyze player behavior (e.g. analyze
how players move during the game) or evaluate whether goals
are met (e.g. measure the amount of physical activity).

4.4. Interactive tag games

By manipulating different gameplay elements of the interactive
tag game, player behavior can be steered in different directions.
We have tested three different approaches: tag with dynamic circle
size, tag with arrows pointing to certain runners, and tag with
power-ups. Each intervention is aimed at promoting specific player
behavior [14]. Considering that we have also implemented a ver-
sion of interactive tag that has no interventions, four different
types of tag can be played in the ITP. In this article, we use the
tag game with the dynamic circle size intervention, and the tag
game with no interventions. The dynamic circle size intervention
aims to balance players’ skills by changing the size of their circles
depending on the time a player has been a tagger (Fig. 6). When a
player is a tagger, his circle will slowly grow (up to a maximum
size) as long as he remains the tagger, making it easier to tag other
players as time goes by. On the other hand, when a player that has
been a tagger for extended periods of time becomes a runner, his
circle shrinks (down to a minimum size), making it easier to avoid
getting tagged.

5. Evaluating the Interactive Tag Playground

The ITP has three distinct goals. First, to enhance the game
experience of traditional tag games by using interactive technol-
ogy. Second, to support natural tag game behavior: it should allow
players to exhibit physically active and social behavior. Third, to
facilitate player behavior analysis. To evaluate these goals, we con-
ducted two user studies, one with adults, and one with children. In
both cases, players played traditional (uninstrumented) and inter-
active tag and were asked to share and compare their experiences.
We also analyzed their behavior using the data that the ITP auto-
matically collects.

Our user studies were carried out in different locations, and
therefore we had to adapt the setup to fit the available space.
The two setups are almost identical, with only small variations.
The setup used in the second user study is slightly smaller, with
a 6� 5 m playing field. Due to the smaller size, the tagging cool-
down was reduced to 1.5 s. The circles were also static instead of
pulsating. Lastly, a bright green border was drawn on the bound-
aries of the playing field to prevent players from going out of
bounds.
5.1. First user study: adults

For our first user study, we recorded seven play sessions, each
one consisting of both traditional and interactive tag sub-
sessions. The participants were recruited from around the univer-
sity and were all PhD, master or bachelor students, except for two
participants which were lab managers. Except for one session in
which five players played simultaneously, the sessions consisted
of four players playing tag. In total, 29 users took part in the study.
Each sub-session lasted three minutes, for a total of six minutes of
tag per group. All sessions were played in the ITP, but the tradi-
tional version of the game was played with no sounds or visuals.
The interactive tag game version that was played was the dynamic
circle size adaptation version.

After filling in a consent form, the players were explained that
they would play two different games of tag: traditional tag and
interactive tag. The order of the sub-sessions was alternated
between groups. When explaining the game, players were not
informed of the dynamic circle size intervention. There was a short
break of approximately one minute between sub-sessions. Once
the session ended, players were asked to fill in a questionnaire to
compare both tag games. The questionnaire also asked how players
felt about the interactive elements of the ITP, and whether they
thought the system was fair even with the adaptive circle size
intervention. In one session, only two participants filled in the
questionnaire, which resulted in only 27 participants evaluating
their experience. After filling in the questionnaire, players were
invited to a short discussion and feedback session.

Below we present our questionnaire, explain how it was con-
structed, and discuss the players’ ratings. Then, we describe our
observations of the game sessions as well as the comments we
received from the players in the feedback session.
5.1.1. Questionnaire
We designed a questionnaire (see Table 2) based on the Revised

Gaming Engagement Questionnaire (GEQR) of Berthouze [17]. Our
questionnaire consists of four dimensions. The first two compare the
game experience of interactive tag and normal tag (A-Enjoyment,
B-Immersion). The last two dimensions evaluate elements of the
ITP (C-Gameplay, D-Enjoyment of game elements). The question-
naire has two additional categories (Balance/Fairness, Skill level)
that do not necessarily measure the same construct, but evaluate
related issues interesting for our study.

Out of the 24 questions in the GEQR, we chose 16 that were
relevant to our research interests and fit our game (questions 3–18)
since it lacked narrative. We also added 11 questions of our own
(questions 1–2 and 19–27). We used a Likert scale which ranged
from 1 (Disagree) to 7 (Agree), and therefore had to rephrase the
GEQR questions from How much. . .? to statements for which the
participants had to specify their level of agreement. Furthermore,
the GEQR questions used for the first two dimensions had to be
rephrased to accommodate the comparison of the tag conditions.

In the printed questionnaire, all questions were put in a con-
stant randomized order. Our modified version of the questionnaire
has not been validated, but we do present the Cronbach’s alpha for
each dimension. Q14 and Q22 are reversed (r) when calculating the
dimension statistics because of their direction with respect to the
other questions. Table 2 shows the reversed scores.



Fig. 6. An instance of the tagger’s circle having grown in size.
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5.1.1.1. Enjoyment (A). The Enjoyment dimension evaluates
whether players had more fun playing interactive tag than normal
tag. It consists of five questions (Q1-5). Given the scale we use, a
value close to four implies players do not enjoy one tag game over
the other. We calculate the Cronbach’s alpha to check for consis-
tency in the answers, and obtain a value of 0.88. This means that
the questions indeed measure a single construct. The mean of
the answers for the enjoyment dimension is 5.37, and the standard
deviation (r) is 1.06. This indicates an effect towards interactive
tag. To find out if this effect statistically significant, we conduct a
two-tailed one-sample t-test against the center of the scale. This
shows a significant effect (tð26Þ ¼ 6:7; p < 0:001) in the direction
of more enjoyment during the interactive sessions. Therefore, we
can state that the players enjoyed the interactive game more than
playing traditional tag.
5.1.1.2. Immersion (B). The Immersion dimension evaluates
whether players lose themselves while playing interactive tag
more than they do when playing normal tag. It contains four ques-
tions (Q6-9). Like the previous dimension, a value close to four
implies that players do not get more immersed in one condition
over the other. Cronbach’s alpha is 0.71, implying that there is a
fair correlation between the items. The mean for the answers is
4.93, with r ¼ 0:93. We use a two-tailed one-sample t-test against
the center of the scale to check for statistical significance, and the
result shows a significant effect (tð26Þ ¼ 5:2; p < 0:001) in the
direction of more immersion during the interactive session. Thus,
players were more immersed during the game of interactive tag
compared to traditional tag.
5.1.1.3. Gameplay (C). The Gameplay dimension evaluates whether
the different game elements and mechanics are understood and
how the game is played. It consists of six questions (Q10-15).
The Cronbach’s alpha for this dimension is quite low at 0.48. Due
to some network issues during the user study, players experienced
some lag in the circle movement. We believe the low alpha is a
consequence of this, as gameplay is positively affected when delays
between actions and the system’s response are small. Indeed, if we
remove the questions affected by the small delay (Q10 and Q14),
the value of alpha increases to 0.74.

The mean for this dimension is 4.96 (r ¼ 0:56). If we remove
the two questions mentioned above, the mean is 5.82 (r ¼ 0:71).
We can see that the lag has a strong effect on the Gameplay scores.
However, even with the questions affected by the lag, the mean is
still leaning towards the positive scale of Gameplay. Players felt
good about how the game played out. However, the lag problem
needs to be solved.
5.1.1.4. Enjoyment of game elements (D). The Enjoyment of game
elements dimension evaluates if players liked the graphics, sound
and theme of the game. It is composed of three questions (Q16-18).
The Cronbach’s alpha for this dimension is 0.35. The low alpha
value is due to Q17, which asks about the audio effects of the game.
Regrettably, many players did not hear any sound being played
during their playing time. This may be due to the volume being
too low, or the speakers not being placed properly.

The mean of this dimension is 5.31 (r ¼ 0:75). Without Q17, the
mean increases to 5.61 (r ¼ 0:79) and the alpha to 0.63. This alpha
value is still not very high, which may indicate that these questions
would fit better in different dimensions. Regardless, under the cur-
rent structure, the results convey that players enjoyed the game
elements overall.
5.1.1.5. Balance/Fairness. The category of Balance and Fairness eval-
uates if the players felt the ITP allowed them to play tag as they
would have liked, and whether they thought it was helping players
based on their skills. It consists of four questions (Q19-22). Q19
and Q22 ask whether the ITP allows players to play normally and
have a mean of 4.11 and 4.41(r) respectively. This conveys two
things. First, players felt the game did not interfere with how they
wanted to play. Second, it did not allow them to showcase all their
abilities. It would have been ideal if the players felt the system
allowed them to demonstrate all their tagging skills, but it is still
important that they do not think the game limits their ability to
play the game.

Q20 and Q21 deal with the issue of Balance, and whether players
feel anyone was receiving help from the ITP. A high value indicates
that players felt the game helped a particular type of player. The
mean for Q20 is 4.63, which shows that players had a feeling that
the ITP was helping less skilled players, but in overall were not
very pronounced in their judgment. One reason for this may be
that, due to the short game sessions, the circle growth rate was
accelerated and therefore was more noticeable. In regards to
skilled players, the mean for Q21 is 4.04, which implies players
did not feel it hurt or helped skilled players. We believe these



Table 2
Questionnaire used in the evaluation of the ITP, with means per question and dimension. Scale 1 stands for disagree and scale 7 for agree.

Question Item mean Dim. mean

A – Enjoyment
(1) The interactive tag game made me laugh (more) than the normal tag game 5.22

5.37
(2) I would recommend the interactive tag game over the normal tag game 5.22
(3) I liked playing the interactive tag game more than the normal tag game 5.33
(4) I am more interested in further exploring the interactive tag games environment than playing normal tag 5.56
(5) I am more interested in playing the interactive tag game again than normal tag 5.52

B – Immersion
(6) I felt more involved in the game when playing the interactive tag than when playing normal tag 4.85

4.93(7) I was more engaged in the game when playing interactive tag than when playing normal tag 4.89
(8) I felt I lost track of time more when playing interactive tag than when playing normal tag 5.27
(9) I felt I was inside the game while playing interactive tag more than during normal tag 4.70

C – Gameplay
(10) I was able to anticipate what would happen next in response to the actions I initiated 4.69

4.96
(11) The controls for the game were appropriate 5.81
(12) The controls for the game felt natural 5.70
(13) I was able to clearly identify what game pieces/objects/models represented 5.81
(14) I experienced delay between my actions and the expected outcomes within the game 1.81(r)
(15) I understood the graphics of the game 5.93

D – Enjoyment of game elements
(16) I enjoyed the graphics of the game 5.70

5.31(17) I enjoyed the sound effects in the game 4.69
(18) I enjoyed the context and theme of the game 5.52

Balance/fairness
(19) The game allowed me to demonstrate my ability of playing tag 4.11

4.30(20) I think the game helps less skilled players 4.63
(21) I think the game aids skilled players 4.04
(22) The game interferes with my ability to play tag 4.41(r)

Skill level
(23) I am physically active 4.70

4.83
(24) I consider myself to be in good shape 4.59
(25) I exercise regularly 4.26
(26) I enjoy physical activity 5.78
(27) I consider myself a good tag player 4.81
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results show the dynamic circle size intervention is a valid strategy
to balance skill levels without feeling unfair to the players.
5.1.1.6. Skill level. The Skill level category evaluates different
aspects related to the physical capabilities of the players and their
perceived ability to play tag. It is composed by the last five ques-
tions of the questionnaire (Q23-27). The mean for this category is
4.83 (r ¼ 1;12) and its Cronbach’s alpha is 0.78. The high alpha
value suggests that this category could in fact be considered a
dimension as the questions measure a single construct. This cate-
gory explores how the perceived tag ability of the players corre-
lates with the Enjoyment and Immersion dimensions. In this
regard, we could not find any significant correlation between ques-
tions related to a player’s physical abilities (Q23-26) and the Enjoy-
ment or Immersion dimensions when using a 2-tailed bi-variate
Pearson correlation test. Taking into account that the fitness level
of the players varied greatly, we can say that the game is enjoyable
independent of the physical conditioning of the players. We also
did not find any correlation between Q27 and both dimensions,
which shows that players’ own rating of their skill is unrelated to
whether they enjoyed the game.
5.1.2. Observations and feedback
Besides the questionnaire, we also invited players to a short

discussion session. This discussion included elaborating on their
impressions of the game and setup. We discuss the most impor-
tant points that players brought up in the discussion, as well as
our own remarks derived from observations of the game sessions.
This information complements the evaluation using the
questionnaires.
Given that one of the goals of the ITP was to allow players to
exhibit natural play behavior, it was nice to witness an abundance
of social interactions between the players. Players were yelling at
each other, making jokes, making fun off, and seeking revenge
when tagged. We also saw players exerting themselves signifi-
cantly during the interactive tag game sub-sessions. Again, this
signals that the interactive elements in the ITP allow players to
physically exert themselves as they would in normal tag games.

When talking to the players about the interactive tag, it was
interesting to see that while every player noticed the circles
changing size during the game, most did not guess the reason
behind the changes. Many players thought a player’s speed was the
reason for the size change. Nonetheless, speed was not considered
at all for the intervention. This highlights two important points.
First, we were able to change the game dynamics without affecting
how players perceive the game. Second, the ITP made it possible to
get the players position and role in real-time, allowing us to use
this information to change game certain mechanics. This, in turn,
shows how the ITP can facilitate the process of analyzing player
behavior.

Although all players stated the interactive tag game was enjoy-
able and exhausting, there were some problems with the installa-
tion. The main problem was the network lag during the game
sessions, which resulted in the circle moving slightly behind the
players. Some players remarked that it was hard to control at the
beginning, but as they got used to it, it added a strategic layer to
the game as they had to predict where people were going. Another
problem we encountered was that the sound effects of the game
were not always noticed. The main purpose of the sounds was to
notify the players whenever a tag took place, hopefully avoiding
their need to look at the floor to check their circles.



Fig. 7. Children playing traditional tag in the ITP.

Fig. 8. Children playing interactive tag in the ITP.

76 A. Moreno et al. / Entertainment Computing 16 (2016) 67–79
5.2. Second user study: children

For our second user study, we invited children from two ele-
mentary schools to visit our university and take part in different
activities, including playing tag in the ITP. The age of the children
ranged between nine to twelve years. The user study was con-
ducted over two consecutive mornings. Each school brought chil-
dren from two different classes. We recorded a total of nineteen
play sessions, each consisting of a traditional and an interactive
tag sub-session (Figs. 7 and 8 respectively). We did not use any
intervention for this study, and the size of the circles did not
change. Also, the system lag from the first user study was cor-
rected, and the audio effects were made more noticeable. Each
sub-session lasted 90 s. In all sessions, four players were randomly
selected from the pool of available children to play together. The
study has been approved by the university’s ethical committee.

Information letters and consent forms were handed out to the
parents by their teachers before the school visit. Every children
in the school visit took part in the activities, but parents could give
additional consent to let children participate in experiments and
thus allow us to gather and use their data. Parents could also allow
us to take photos or video recordings of the children for analysis
purposes. Depending on the permissions granted by their parents,
each child was given a label of a different color so that the
researchers could identify them. As such, some children could play
in the ITP and get their position and role data logged, but no pho-
tographs could be taken. Other children were only allowed to play,
but no data could be recorded. In this last case, their play data was
discarded. All children could only play once.

Once the color labels were arranged, children took part in any
activity they liked. To recruit our participants, we went to the dif-
ferent stations and asked for children who wanted to participate in
the game of tag. Once we found four, we led them to the ITP. There
they were explained that they were going to play a game of tag
(interactive or traditional, depending on the group’s number). We
alternated the initial condition between groups. Before each condi-
tion, we explained the game. For the interactive tag, this included
two researchers playing interactive tag very briefly. The explana-
tion served two purposes: inform the game’s rules to the children,
and give them time to rest between sub-sessions. The game started
by asking the children to stand on one of the four corners of
the playground, and then a countdown timer was displayed on
the floor. We counted in real-time the number of tags per session
to use in the evaluation of the ITP. After each sub-session, the
children took part in a short, semi-structured interview. The inter-
view that took place after the second sub-session was slightly
longer as the players were also asked to give feedback and share
their thoughts.

5.2.1. Semi-structured interview
We did not use a questionnaire to evaluate the play experience

because our users were young children. Instead, we opted for a
short, semi-structured interview. After each session, we asked
the children whether they would like to play the game again.
The answers they could give were yes, no or maybe. This was a
quick and clear method to evaluate the enjoyment of the game,
derived from the ‘‘Again-Again” table that has been used to evalu-
ate perceived fun reasonably well for this target group [38]. After
both sub-sessions, children were also asked what they liked or
disliked about the ITP.

In general, children were very positive towards the interactive
tag game. Out of 76 children, 75 indicated that they would have
liked to play interactive tag again. Their responses were also imme-
diate, with a lot of them eager to play again. Some children even
begged to be allowed to play once more. On the other hand, a lot
of the children were hesitant when asked whether they would like
to play traditional tag again, with only 38 saying yes, 22 maybe,
and 16 no. There was only one boy that indicated he liked the tra-
ditional tag game more than the interactive one. A lot of children
indicated interesting reasons during the interviews about why
they thought interactive tag was better than traditional tag with-
out us mentioning those game aspects. We categorized the most
frequent answers. The results are summarized in Table 3.

Four groups mentioned that novelty, in some way, played a role
in them liking the ITP better. Six groups mentioned that interactive
tag was more fun because it made it clear for everyone who the
tagger was, which prevented them from wasting time discussing
this. Another reason that was mentioned six times, especially by
girls in mixed groups, was that the interactive tag game did not
require physical contact, which prevented rough playing styles.
Children from three groups said that simply the fact of it having
digital gaming elements made it more fun. Three groups said that
they preferred the interactive tag game because it was more chal-
lenging. Other reasons that were mentioned but not categorized
were liking the circles/balls, or that you could get lucky as a result
of tracking mistakes.

5.2.2. Game observations
The observations made during the traditional tag sub-sessions

are similar to those we made during the recording of the Play cor-
pus. Children were physically and socially invested in the game.
Play broke down several times due to runners pretending they
had not been tagged, taggers pretending they were runners to
get close to other players and tag them, or due to discussions about
who the tagger was. To try to solve this, children often verbally
indicated that they tagged someone by saying ‘‘Tikkie!”. Also, chil-
dren sometimes reminded the group of whom was the current
tagger. In one session, the children decided during the game to
forbid tagging back the same player to make the game more fun.

In the interactive version of the game, we also saw intensive
physical investment from the players, as well as social interactions
between them. The amount of physical activity was comparable to
what we observed in our ethnographic studies at schools. Many of



Table 3
Results of the user study with children. On the left, the observed number of tags per
session (Int stands for interactive tag, Trad for traditional tag). On the right, the results
from the children’s interview. The bottom row shows total and average values. The
Fun column indicates the reasons for the ITP being more fun, as stated by the children
(d = digital, h = harder/more challenging, nt = no touch needed, n = novelty, t = tagger
is always known, – = nothing mentioned/non-categorized response).

Session Number of
tags

Again–again table (Y = Yes, N = No,
M = Maybe)

Fun

Int Trad Int Trad

1 4 17 4�Y 3�M, 1�Y –
2 10 11 4�Y 4�M d,h,nt
3 8 17 4�Y 4�M –
4 4 19 3�Y,1�M 3�M,1�Y n,h
5 7 12 4�Y 2�N,2�Y t
6 5 17 4�Y 4�N t,n,d
7 11 12 4�Y 3�Y,1�N t,n,d
8 4 16 4�Y 3�Y,1�M nt
9 7 16 4�Y 4�Y nt

10 6 17 4�Y 3�Y,1�M n,nt
11 8 19 4�Y 4�M –
12 5 15 4�Y 3�Y,1�M h
13 5 17 4�Y 4�Y t
14 6 16 4�Y 4�N nt
15 7 15 4�Y 4�Y –
16 6 21 4�Y 3�N,1�Y nt
17 8 14 4�Y 4�Y t
18 4 21 4�Y 3�Y,1�M n
19 8 13 4�Y 2�N,2�Y t

6,5 16 75�Y,1�M 38�Y,22�M,16�N

Bold values represent the average/summary of the results.

Fig. 10. Occupancy map of runners when playing interactive tag for the adults.

Fig. 11. Occupancy map of taggers when playing interactive tag for the children.
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the break-down of play scenarios were solved as the role was indi-
cated clearly by their circle. Nonetheless, just like in the traditional
version of the game, children kept reminding everyone who the
tagger was from time to time. The ITP also introduces a tag-back
cooldown, which prevented players from tagging each other
constantly.

In several sessions children shortly exited the playing area
trying to avoid being tagged, or fell down while running, which
caused the tracker to lose them temporarily. When this happened
to the tagger, the game assumed they had left the game and
assigned a random player as the new tagger. Although we
reminded them to stay inside the playing area, on average we
saw about 2.6 of these role switches per game.
5.3. Player behavior analysis and comparison

The ITP is designed to facilitate the analysis of player behavior.
This is achieved by logging player data in-game. Below, we present
Fig. 9. Occupancy map of taggers when playing interactive tag for the adults.

Fig. 12. Occupancy map of runners when playing interactive tag for the children.
the analysis of three behavioral cues derived from the players’
position and role for adults and children.

5.3.1. Player position
The first cue indicates where players spent most of their time

based on their role. As it can be seen in Figs. 9–12, taggers tend
to stay around the center of the playground, minimizing their
distance to the other players. Runners, on the other hand, stay near
the border of the playground, maximizing their distance to the
tagger and their chances of not being tagged. The behavior is
largely the same for both age groups.



0 0.5 1 1.5 2 2.5 3 3.5
0

1

2

3

4

5

6

7

8

9

10

11

Speed (m/s)

O
cc

ur
re

nc
e 

(%
)

Tagger
Runner

Fig. 13. Frequency of speeds at which adults moved during the interactive tag
sessions.
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Fig. 14. Frequency of speeds at which children moved during the interactive tag
sessions.
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Fig. 16. Angular histogram of the relative movement direction between roles in the
interactive tag sessions for the children.
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5.3.2. Player speed
The second cue is the speed at which the players move during

the game. The frequency of player speeds, per role, are summarized
in Figs. 13 and 14. The speed profiles for both user groups are very
similar. The biggest differences can be found at speeds close to
0 m/s and 1–2 m/s. Runners move more than taggers close to
0 m/s, which is probably due to runners being able to go to a
corner, rest and wait until the tagger focuses them. On the other
hand, taggers move at higher speeds more often than runners. In
the case of the adults, runners moved at 1.01 m/s and taggers at
1.18 m/s, on average. In the case of the children, runners moved
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Fig. 15. Angular histogram of the relative movement direction between roles in the
interactive tag sessions for the adults.
at 0.89 m/s, taggers at 0.96 m/s. In general, taggers run slightly
faster than runners in both age groups.
5.3.3. Relative movement direction
The third and last cue is the relative movement direction of

players based on their roles. We look at the direction in which a
player moves in relation to another player in the playground.
Due to the rules of the game, taggers run towards runners, and
runners run away from taggers. The relative movement direction
angular histograms of players based on their roles can be seen in
Figs. 15 and 16.

As we expected, the relative movement direction histogram for
taggers with respect to runners has the highest counts for bins
close to 0�. This means that taggers were mostly running towards
runners. Runners ran away from taggers but, not in the completely
opposite direction (180�), but at around 90–150�. The behavior is
almost identical for both age groups. Therefore, there are no big
differences between children and adults in the three cues that
we have analyzed.
6. Conclusions and future work

When using interactive technology to enhance games, there is
the risk of negatively affecting key characteristics inherent to play,
such as the amount of social interactions or physical activity. In
this paper, we have enhanced traditional tag without limiting players
from exhibiting physically active, social behavior. We designed the
Interactive Tag Playground, an interactive installation built with
three goals in mind: enhance the tag game experience, allow players
to physically and socially express themselves during play, and
facilitate the analysis of player behavior. To evaluate whether these
goals were met, we conducted two user studies with two age
groups: adults and children. We also analyzed player behavior in
both user studies using three behavioral cues to showcase the
potential of the ITP as a research tool that facilitates behavior
analysis.

Our studies showed that, overall, users preferred the interactive
version of tag over the traditional one. In the first user study, the
two dimensions of the questionnaire used to compare the game
experience, Enjoyment and Immersion, showed a statistically sig-
nificant preference towards the interactive tag game. In our second
user study, virtually all children wanted to play again interactive
tag, whereas half of them wanted to play traditional tag again.
Some of the players stated that novelty played a role in their deci-
sion, but other reasons were mentioned as well, such as the pres-
ence of game state information, or the game being more
challenging. In both studies we witnessed an abundance of social
interactions, as well as high levels of physical activity. When we
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analyzed the behavior exhibited by adults and children, there were
almost no differences between them. This means the ITP manages
to enhance the game experience, support the physical and social
aspects of play, and facilitate the behavior analysis process.

With these three goals met, we believe much more can be
accomplished using the technology at hand. For instance, in our
first user study, we showed that the ITP’s real-time player data col-
lection can be used to implement skill balancing strategies without
players feeling cheated by the game. Besides skill balancing, we
would like to explore interventions to restore engagement, steer
behavior, modulate physical activity, or promote social interac-
tions between players. Another interesting research direction is
the evaluation of physical activity or social interactions using
objective and automatically collected information from the ITP.
Since the level of physical activity that we observed during interac-
tive tag game sessions was similar to what we have observed in tag
game ethnographic studies, it would be interesting to use the ITP to
objectively evaluate to what extent this is true. Based on our
results, we feel confident that the ITP is an entertainment platform
capable of enhancing games while facilitating opportunities for
in-game, automatic analysis of player behavior or post hoc evalua-
tion of goals.
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