
Interactive Playgrounds for Children

Ronald Poppe, Robby van Delden, Alejandro Moreno
and Dennis Reidsma

Abstract Play is an important factor in the life of children. It plays a role in their
cognitive, social, and physical development, and provides entertaining and ful-
filling activities in itself. As with any field of human endeavor, interactive tech-
nology has a huge potential for transforming and enhancing play activities. In this
chapter, we look at interactive playgrounds, goals and considerations in their
design, and we present the directions in which interactive playgrounds can be
made more engaging.
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1 Children, Play, and Playgrounds

Interactive playgrounds are installations that combine the benefits of traditional
playgrounds with advances in technology. To provide rich and engaging game
experiences, they are designed to sense, learn, and adapt to the players’ behavior.
As such, they are capable of motivating children to explore and interact with the
environment, develop social and physical skills, or promote positive social inter-
actions amongst them. We refer to play as a social, bodily activity that children
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engage in for the fun of it. Play may be more or less structured, depending on the
number of affordances of the environment and objects, and on the number of
(social) rules that govern the interactions. Play is important for the cognitive, social,
and physical development of children (Canning 2007; Vygotsky 1978). Recently,
technology has found its way into children’s games and play via digital games and
toys. This trend has caused children to adopt a more sedentary lifestyle with fewer
social interactions compared to traditional play. We argue that introducing tech-
nology into playgrounds can counter this trend while at the same time aid in
children’s development (Bekker et al. 2010). In this chapter, we describe how the
introduction of technology can help to support certain goals in these interactive
playgrounds. To this end, we discuss the goals and considerations in the design, and
present directions in which interactive playgrounds can be made more engaging.

1.1 Benefits of Play

Many researchers have emphasized the role of play in child development.
Vygotsky (1978) states that play provides an important opportunity for personal
development. The interactions with peers, rules, and imaginative role-play provide
important lessons which help to control impulses and make the conceptual dis-
tinction between thought, actions, and objects. Piaget (1951) also stresses the
importance of play, as he considered personal experience to be a strong learning
mechanism. Moreover, different skills are acquired depending on the child’s
development.

Cognitive skills such as creativity are typically mastered through the creation
and adaptation of game rules, characters, and an imaginative world (Canning 2007;
Vygotsky 1978). The playground is a safe environment, separate from the daily
life, where children can immerse themselves and experiment with different roles
while remaining in control (Huizinga 1950). This sense of control allows children
to feel empowered and gain self-esteem. Through play and the reenactment of
‘adult’ situations, children can find out what and whom they like and dislike.
Moreover, they practice and develop values and incorporate the norms and beliefs
of their families and carers (Canning 2007).

Play teaches children to make inferences about others and themselves, about
peer inclusion and the participation in social groups. Even aspects of play with
negative connotations such as rough-and-tumble, play-fight, and dealing with
conflict contain important factors for child development. Studies have shown that
children who are deprived of free play time are prone to become violent, regardless
of demographics (Hughes 2003).

Besides cognitive and social development, the bodily actions in play contribute
to a child’s development of physical skills. Play provides children the possibility to
explore the capabilities of their own bodies, developing and refining fine and gross
motor skills. Activities such as running and jumping help to develop and maintain
muscular fitness and flexibility. Moreover, the introduction of objects such as balls
and monkey bars can aid in the development of hand–eye coordination.
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1.2 Open-Ended Play

Play can consist of games and open-ended play. The former have predefined rules,
goals, and common ending conditions. In contrast, open-ended play is character-
ized by the lack thereof. Children invent games by introducing and adapting rules
in an ad hoc fashion, including the goals and ways to meet these (Nijholt et al.
2009). The creation of a set of rules and the use of imagination are important parts
of personal development for children and function as a stimulation of social
interaction. Vygotsky (1978) stated that the change in child’s play from overt
fantasy with covert rules toward play with covert fantasy elements with overt rules
outlines children’s play evolution.

Often, the elements of open-ended play are borrowed and adapted from games,
and might include characteristics such as cooperation and competition. Also,
children frequently introduce roles and characters from their daily lives, television,
or stories into the playground. Children might introduce and adhere to a theme, for
example when searching for a treasure while some of the players are pirates,
aiming to catch the treasure hunters. A similar observation can be made for objects
and dedicated locations. Playgrounds can sometimes be adapted to provide a sense
of immersion. While these ideas originate and are regulated by the children
playing in the playgrounds, they depend strongly on the affordances of the physical
playground. In the next section, we will discuss interactive playgrounds that can
contain interactive elements to better support and stimulate children in their play.

1.3 Interactive Playgrounds

Interactive playgrounds combine traditional play with interactive elements in order
to encourage the social and physical benefits of play (Bekker et al. 2010). In this
chapter, we focus on interactive playgrounds in which multiple players play co-
located using natural interactions as input, such as chasing, jumping, and making
noise. We discuss mainly those playgrounds that support open-ended play, where
no goals are imposed by the system. The feedback of these systems to the players
is based on simple or more advanced adaptive game mechanics and can include
lights and speakers, as well as large projections and screens. Preferably, these
playgrounds are openly accessible without specific requirements on clothing or
preparation. Interactive playgrounds can therefore support a free play experience
in which children can enter and leave at any moment (Tiemstra et al. 2011). Such
interactive playgrounds are suitable for a wide range of contexts and age groups. In
this paper, we mainly focus on able children, but will also discuss user groups with
cognitive or physical disabilities in Sect. 4.2.

The added use of technology in the playground allows for the enrichment of
play when the following three properties are taken into account in their design: (1)
context-awareness, (2) personalization, and (3) adaptiveness (Schouten et al.
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2011). Context-awareness is about recognition of the situational context, including
the locations, and behavior of the players, and their interactions with other players
and the environment (Moreno et al. 2011). Context-awareness is achieved through
sensors and their subsequent processing (see next section). Personalization con-
siders the tailoring and configuration of the play experience to the players. Skills,
experience, and interests of the players can be taken into account when regulating
the game mechanics. Moreover, the interest of children can be sparked through the
use of feedback, which can be adapted to their personal taste. Finally, adaptiveness
relates to the manner in which the game mechanics are adapted to the current state
of play, and is closely related to the goals of the playground (see also Sect. 2).

We will discuss design considerations of interactive playgrounds using the
aforementioned three characteristics. It allows us to develop playgrounds that
support open-ended play while keeping the players engaged. However, the mere
introduction of technology into playgrounds is not a guarantee for an improved
experience of the players. Of key importance is that the (group) behavior of the
children can be understood and subsequently influenced when needed. For
example, roles in games can be detected and indicated, to facilitate game play
(Moreno and Poppe 2013). Alternatively, novel elements can be introduced when
the interest of the children decreases. Novel (projected) elements can have dif-
ferent affordances, which have to be explored or defined by the children. This
stimulates their imagination and their development of social skills such as nego-
tiating and leadership. In this process, we can differentiate between players, if their
experience and skills require to do so. Interactive playgrounds thus have similar
benefits as traditional play, but with the added benefit that the experiences and
interactions of the players can be steered to a certain extent. We discuss these
considerations in Sect. 3.

We consider interactive playgrounds that are room-sized, such as classrooms,
halls, or alleys (see Fig. 1 for a schematic example). Spaces of this size are small
enough to encourage social encounters, yet large enough to encourage physical
activity. This interplay between face-to-face interactions and the possibility of
physically active play is important for the promotion and development of social
and physical skills. Moreover, equipping these spaces with lights and sounds is
possible, without having to rely on individual feedback, for example through the
use of headphones and mobile screens. Some researchers have targeted remote,
mediated interaction to support playing over a distance. For instance, Mueller et al.
(2003) introduced playing soccer via a large interactive wall, with the remote
player shown as shadow to increase the feeling of being co-located. While these
distributed interactive playgrounds share many characteristics with co-located
playgrounds, including their use of sensors and game mechanics, we do not discuss
them in this chapter.

We focus on the use of natural interaction as opposed to the controller-based
interaction that is currently common for playing digital games. It has been found
that the use of body movements can increase the engagement and immersion of
play (Bianchi-Berthouze et al. 2007). Moreover, we aim at promoting physical
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health through the use of active play (see also Sect. 2). The advantage of using
natural interaction is that we can detect and measure it unobtrusively without the
players being required to wear and use specific clothing or devices. The interactive
playgrounds that are the main focus of this paper rely strongly on the use of
cameras that can be used to localize players, detect their body poses and move-
ments, and give an interpretation to their bodily behavior. Besides the detection of
body movements such as running and ducking, natural interaction includes the use
of specific body poses and movements, such as dancing or posing. Interactions
with the environment, such as leaning against a wall or climbing a rope can also be
measured unobtrusively using appropriate sensors. Another source of behavior
observation comes from the voice. Yelling, singing, and using commands such as
‘‘stop!’’ and ‘‘go!’’ could be detected by the playground without having the players
to wear close-up microphones.

2 Goals in Interactive Playgrounds

Interactive playgrounds are typically designed to provide a fun and engaging game
experience but can support other goals at the same time as well. These goals can be
related to encouraging positive, healthy behavior or discouraging negative aspects
of children’s play. The feedback capabilities enable the use of interactive play-
grounds for education purposes. In addition, the automatic sensing of behavior
allows these playgrounds to be used as diagnostic tools to identify developmental
problems in children at an early stage.

Fig. 1 Impression of a room-sized interactive playground with sensors and actuators
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2.1 Engagement and Fun

Interactive playgrounds can elicit happiness in the players by providing a fun
experience that keeps them engaged in play. Retaining a child’s attention is not a
trivial task. Children are active, curious, and their play is chaotic by nature (Tieben
et al. 2011). They tend to get distracted, or become too focused and oblivious to
their surroundings. However, this is where the technological aspect of interactive
playgrounds can contribute. Presenting children with novel means of interaction
and visualizations appeals to their curiosity and serves as a hook to keep them
engaged. For instance, Lahey et al. (2008) showed people in the age range of
19–50 years were more hesitant to interact with robotic technology whereas
children accepted it readily.

Fun experiences can be achieved in many different ways, both in games and
free play sessions. Elements in the playground afford interactions, which appeal to
the children’s creativity. For instance, when colored shapes are projected on the
floor, children are drawn to chase and stomp them (Tetteroo et al. 2011). When
given a slide, children will go up and down until exhausted (Soler-Adillon and
Parés 2009). When presented with interactive objects, they will use them as
instructed but also in novel, creative ways (Bekker et al. 2010). The playground as
a whole can also become a stage where fun activities can take place. Children can
dance to the beat of the music or try to swim on a floor where colored lights
become a stream of water (Moreno et al. 2012). The playground merely provides
an environment where fun activities can take place. This can be seen, for instance,
in the case of staged play where children have fun by pretending to be fictional
characters and engage in fantasy play.

A child’s level of engagement is partly determined by the amount of perceived
autonomy and empowerment in a particular situation (Canning 2007). This might
be affected by conditions such as a child’s ability to understand the game, socialize
with others, access the game, skills, interests, and mood. This further emphasizes
that designing interactive playgrounds to provide engaging experiences is not a
straightforward task, and careful considerations need to be made based on the
desired goal and the target audience.

2.2 Physical Activity

Playgrounds have traditionally been used to promote physical activity. The same
holds for interactive playgrounds, which have originally been created to counter
the growing concern for the lack of physical activity in children and their
increasing sedentary behavior due to playing video games (Vandewater et al.
2004). Encouraging physical activity can be achieved by getting children to
physically exert themselves in any possible way.
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Interactive playgrounds can support traditional games such as tag games or
soccer, but can also add elements to further motivate children to explore and
interact in a physically active way. For instance, Soler-Adillon and Parés (2009)
designed a big, inflatable interactive slide designed to allow several children to
slide down while a game was projected on its surface. The children were observed
using cameras and could interact with the projected elements. Within one game,
the children had to slide down, climb, and slide down again several times. Due to
the game element, the children are likely to slide more, thus being more physically
engaged while sliding and climbing. The Swingscape playground (see Fig. 2) is
another example of a playground that stimulates exploration. Tetteroo et al. (2011)
also implemented an interactive playground to encourage physical activity. A top-
down projector displayed colored shapes onto the floor. Competition was
encouraged by making children compete for the shapes scattered in the playing
area. When a child moved within the vicinity of a projected shape, it attached itself
to him and began following him. When another child stepped on a following
resource, he effectively stole it, adding it to his own resource pool. Physical
exertion was achieved by moving the shapes around, and by adding and removing
shapes. Children were further encouraged to play together with balls equipped
with motion sensors. The balls also changed the interactions the children could
have with the projected shapes.

Sensing in interactive playgrounds allows for the measurement of players’
skills. Moreover, the feedback can be adapted in such a way that the activity level
required to achieve certain goals is tailored to each player. Derakhshan et al.
(2006) presented an interactive playground consisting of tiles that children could
step on and interact with through force sensors and LEDs. Machine learning
techniques were used to learn and model different types of game styles. These
styles were subsequently used as a basis to vary the amount of physical activity
that the children had to engage in during the game.

Exergames are a type of game where players are required to undergo intense
physical exertion (Mueller et al. 2003). They are not necessarily co-located or
room-sized, but some can be considered interactive playgrounds. (Mueller et al.
2012) designed the game ‘‘Hanging off a Bar,’’ where a flowing river with floating
rafts was projected on the floor. Players were to hang from a bar when there was a
river beneath them. Eventually, a raft would float by, which allowed them to come
down and stand on the ground to take a rest. However, they had to hold onto the
bar again once the raft had drifted down the river. The game was over when the
player stood on the floor when there was no raft.

Often, an element of competition between players is used to stimulate players to
be more physically active. ‘‘TacTower’’ was designed to support athletes (Lud-
vigsen et al. 2010). A ‘‘TacTower’’ consists of eight plastic balls stacked on top of
one another and held in place by a steel structure that runs through them. The balls
contain LEDs and sensors. When a ball lights up, the player can hit the ball
horizontally, which would transfer the light signal to a ball on an adjacent tower,
or vertically to make a ball above or below light up. Two players compete against
each other on who manages to hit the colored balls. Even though originally meant
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for athletes, the concept is applicable in children’s games as well. Exergames,
through competition, can also facilitate social bonding amongst the players. For
instance, Toprak et al. (2012) designed the ‘‘Bubble Popper,’’ a game where two
players play against each other to pop colored bubbles projected on a wall. The
bubbles constantly move, so the players have to move as well to score more points
than the opponent. This inevitably leads to physical contact when the players
compete for the physical space.

2.3 Behavior Change

Playgrounds are places where children play together, and develop cognitive,
social, and physical skills. Traditionally, they have been used to encourage posi-
tive behavior and discourage negative behavior. A teacher or trainer can perform
this role, but it can also come from the interactions between children themselves.
Cheating and aggressive behavior are typically not appreciated and often dis-
couraged by other children. Interactive playgrounds present the opportunity to
attempt to influence the children’s behavior, in groups or individually.

Competition in play is important to teach children how to stand up for them-
selves. Often, this competition is achieved by striving for conflicting goals, such as
competing for a limited number of resources, as discussed in the previous section.
Besides motivating children to engage physically, competition in play also stim-
ulates cognitive development. Metaxas et al. (2005) designed ‘‘Scorpiodrome,’’ an
augmented reality racing game that encouraged competition. In this playground,
children were able to remote control toy cars that could pick up virtual rockets and

Fig. 2 Swingscape: an interactive playground by the Alexandra Institute, Denmark, aiming to
solicit physical explorative behavior (Grønbæk et al. 2012)
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use them against their opponents. Besides competition, a playground could also be
designed to persuade children to cooperate. This can aid in children’s development
of negotiation skills. The ‘‘Scorpiodrome’’ playground also encouraged coopera-
tion by having the children assemble the track and landscape together. Parés et al.
(2005) designed an interactive installation that focused on cooperation by
encouraging people to communicate and work toward a common goal. ‘‘Water
Games’’ consisted of several water fountains where each could be activated by
forming a closed ring of people around it. Once the ring is formed and closed,
players have to move in unison in one direction for the fountain to become active.

Competition and cooperation are group-level behaviors. Interactive play-
grounds, however, can also be aimed at the individual by influencing personality
traits. For instance, Hendrix et al. (2009) developed the ‘‘Playground Architect,’’
an interactive board game aimed at helping shy children to confront their social
incompetency. It is a multiplayer game where children have to build structures
using readily available materials. There are two roles in the game: the architect and
the builder. Shy children are always assigned the architect role as this requires
coordination and leadership, traits that are typically underdeveloped in shy chil-
dren. As both players complete the game successfully, self-esteem of the shy
children is increased.

Care must be taken when attempting to change the behavior of the players in
interactive playgrounds. The behavioral change must be designed into the game,
and happen as a result of the game mechanics. More importantly, the change
cannot be forced on the child but must be established through persuasion.

2.4 Education and Learning

Play is a fundamental part of learning, especially at a young age. At playgrounds,
children can learn in a playful manner which encourages and empowers them
(Henderson and Atencio 2007). Interactive playgrounds can be adapted to support
certain themes and learning goals. For example, Charoenying et al. (2012)
developed a body-centric game called the ‘‘Bar Graph Bouncer.’’ They aimed at
supporting children’s ability to conceptualize numbers and interpret graphs.
Children are presented with an animated scene that responds to jumping. As
children jump, their corresponding bar grows in the animation, facilitating the
understanding of correlation between the jumps and the bar. This gameplay is
rather simple but it is easy to imagine how the positions and movements of
children can be used to participate in quizzes or how specific objects can be used in
interactive animations to explain topics in physics and biology.

Playgrounds also provide a social context where children can talk, observe, and
ask. It allows them to participate and practice things they have learned with those
around them. Besides schools, such playgrounds can be located in museums and
other public places. For example, Carreras and Parés (2009) created the ‘‘Con-
nexions’’ playground for Barcelona’s Science Museum. It is a full-body interactive
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playground with a floor projection of a virtual environment. The projected world
resembles that of a network, where different nodes (concepts) are displayed around
a hidden object. When children stand on a node, the node starts to glow if it was
related to the hidden object. Children need to activate the different nodes and make
them connect to each other. They do this by connecting to other children, for
example by holding hands. The goal of ‘‘Connexions’’ was to facilitate the abstract
understanding of science being a network of knowledge, composed of different
concepts in different domains. The ‘‘Wisdom Well’’ is another example, devel-
oped by Grønbæk et al. (2007). This playground supports learning through kin-
esthetic interaction. The game allows children to communicate and cooperate
while interacting with simulations about geometry, physics, and geography.

2.5 Diagnosis

The automatic sensing of behavior in interactive playgrounds opens up possibil-
ities of analyzing whether the playground or the objects therein are suitable and
safe. This has been attempted by Ouchi et al. (2010) in the context of interactive
playgrounds. A rock-climbing playground was developed with the aim to design
safer playground equipment. To this end, it was analyzed how children played,
specifically how and why children injured themselves while playing in play-
grounds. The rock-climbing wall was equipped with sensors to measure children’s
behavior. They used machine learning techniques to model the changes in chil-
dren’s postures as they climbed the wall, and were able to predict how a child of a
certain height would climb. Afterwards, simulation software was developed using
the rock-climbing model that could be used to test new playground equipment for
safety.

In contrast to the diagnosis of the playground itself, the behavior of players in
an interactive playground can also be used to analyze whether the children are
behaving normally, both physically and socially. While such diagnoses should
ideally be made by professionals that can also provide the proper care, interactive
playgrounds can assume the role of teachers, parents and others that supervise
children in traditional playgrounds. As shown previously, play is very important in
children’s proper development. Studies have shown that children who fail to
properly engage in social interactions during play can be linked to several mental
or social disorders such as autism or mental retardation (Guralnick et al. 2006).
Diagnosis of social deficiencies through the observation of play was shown to be
possible, albeit with manual annotation (Gibson et al. 2011). Current practice in
such studies involves either the analysis and annotation of video recordings of play
sessions, or observational studies of live play sessions. Both are lengthy, cum-
bersome processes, prone to inaccuracies and a subjective bias of the observers.
Interactive playgrounds could help by automating and consequently accelerating
these processes, thus giving researchers proper tools to base their findings on
(Moreno et al. 2012).
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3 Developing Interactive Playgrounds

In order to meet the goals mentioned in the previous section, there are some
aspects of interactive playgrounds that require careful design. Now, we discuss
these design challenges, which can be linked to the dimensions context-awareness,
personalization, and adaptiveness. We also discuss the issue of evaluating the
playground’s performance in terms of its goals.

3.1 Physical Setup

The rise of interactive playgrounds in the research and public domains is possible
due to the increased availability of sensors, feedback elements, and the integrated
combinations thereof. Sensors and feedback elements have become increasingly
sophisticated and affordable. We briefly discuss some of the more common ele-
ments used in interactive playgrounds.

The most common and versatile sensor is the camera, with all its variations.
Sensors are relatively cheap and there is an abundance of computer vision software
available to analyze the footage in real-time. The players’ locations, poses, and
movements can be estimated relatively robustly and accurately from camera
images (Moreno et al. 2013). Moreover, they can accommodate a space suffi-
ciently large to observe players while they make unconstrained movements.
Recently, Microsoft introduced its Kinect sensor to make a three-dimensional
representation of the scene. This allows to robustly detect players and analyze their
bodily configurations under a larger range of viewpoints and lighting conditions. In
situations where cameras cannot be used, pressure sensors can be embedded in the
floor to track people (Derakhshan et al. 2006). For the detection of sound,
microphones can be used. These allow for the analysis of noise levels, patterns
such as in singing, or to coarsely understand what has been said, for example by
focusing on specific commands. When multiple microphones are employed and
synchronized, players can be located based on the sounds they produce.

Feedback elements are increasingly versatile in modality, size, and how they
can be embedded into the playground. Lights, for example rotating stagelights, can
be placed virtually everywhere (Wakkary et al. 2008). LEDs can be embedded into
the environment to mark locations or provide location-based feedback. Probably
the most popular means of feedback are projections, for which any surface can be
used as long as the projector is powerful enough. Moreover, projections can
provide detailed feedback. When aimed at the floor or walls, they are very suitable
for location-based feedback. Sound, especially when directed, can be used in a
variety of interactive installations (Tieben et al. 2011). For a more complete
overview of feedback elements in interactive playgrounds, we refer the reader to
Schouten et al. (2011). Next, we turn to the goals that can be achieved by
employing these sensor and feedback elements in playgrounds.
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Depending on the playground’s type and goals (Sect. 2), different sensors and
feedback elements can be used. The choice for these elements depends on the
required robustness and accuracy, and the physical properties of the space.
Cameras using visible or infrared light are suitable to determine the position and
movement of players in a relatively large space. In outdoor settings, variations in
lighting might pose serious challenges in localizing the people. A similar challenge
is faced when strong projections are used. Instead of relying on a single camera,
cameras that use stereo vision, structured light, or time-of-flight can deal with
these settings as they make a three-dimensional estimate of the field of view. Such
a representation can be used to robustly localize objects in the foreground. Once
objects in the foreground have been identified, they can be tracked to associate the
movement to players. A top-down view is preferable, given that most of the
players’ movement take place on the ground plane (Tetteroo et al. 2011). For those
playgrounds where such a setup is not possible, notably outdoors, cameras can be
placed at a height on the corners of the space. Wide-angle lenses ensure that a
larger area can be viewed. A similar setup with Kinect sensors allows for the quick
and robust localization of players. This is ideal when the location of players and
their interactions are sufficient as input for the playground, which is typically true
for play aimed at engagement and physical activity.

For play that is focused on diagnosis or education, a closer analysis of players’
body poses, actions, and interaction with other players might be required. Players’
limbs are typically better visible from the side. However, this introduces chal-
lenges in dealing with occlusions due to other players and objects in the envi-
ronment. For the analysis of direct interactions with the environment, pressure
sensors are most convenient as these require little processing and can be robustly
detected. They can be embedded in floor tiles, buttons, monkey bars, and other
objects in the environment (Derakhshan et al. 2006; Mueller et al. 2012).

Sound can be informative of the level of engagement. When multiple micro-
phones are used, players can be localized when they make noise. In addition,
communication patterns such as yelling and responding to other players can be
analyzed. This is useful to determine when players are not actively taking part in
play. In addition, sound can be used as a direct means of communication, for
example when the players have to shout certain words, sing along with the music,
or have to make noise in a certain rhythm.

Appropriate types of feedback also depend on the specific playground. Floor
projections are ideal to stimulate the players to move as the projections can be
aligned to the positions of the players. They can be used to increase engagement
and physical activity. Moreover, the projections can be used to indicate a player’s
role or status, or make explicit relations between players. For example, in a tagging
game, the tagger could be marked, and the player that was tagged the lowest
number of times could be highlighted. This way, the behavior of the players could
be steered (Moreno and Poppe 2013). The drawback of projections is that players
might be between the projector and the surface, thus casting shadows. However,
this has not been found to be a major issue (Tetteroo et al. 2011).
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The use of other visible forms of feedback such as lights or screens can be used
to display the state of play. Information or narrative can be shown on screens
(Bobick et al. 1999). Lights can be used to highlight certain areas in the play-
ground, or as a way to visualize activity or observed engagement. Flashing lights
are a convenient form of direct feedback, for example when a certain action has
been performed. Sounds, especially when multiple sources are used, can support
narrative or to give hints or updates on the current state of play, especially when
used in addition to large screens and projections (Grønbæk et al. 2007). This is
especially useful for educational play. Spoken encouragements can aid in
increasing the engagement and can lead to higher physical activity.

3.2 User Adaptation

Since interactive playgrounds combine sensing, game mechanics, and feedback
(Fig. 3), different rules or feedback can be given to different players. Such feed-
back can include roles such as tagger and runners, or leader and followers. For
example, children with lesser-developed communication skills might be assigned
the role of team leader, as in Hendrix et al. (2009). However, there can also be
distinction made between the players’ skills or expertise, similar to a handicap in
golf. For example, play can be adapted such that slower children have to cover
shorter distances within the same type of play. By adapting the game mechanics
and feedback for each child, the chances of a child giving up because the play is
too challenging or too simple are reduced. Instead, the play could be steered to be
challenging yet rewarding for each child, which helps to ensure that the engage-
ment is high.

Another aspect that can be tailored to the user is that of novel experiences. In
interactive playgrounds, the feedback can be chosen such that it is not always the
same for each child. For example, when using projections and sound, achieving a
goal should not always lead to the same sound being played for a given player. It
can be stored which player received which feedback for a certain action or for
achieving a certain goal. On the other hand, when introducing elements in the
playground, it can be ensured that each child will be presented with different
elements. This will keep them engaged, especially since they might be curious
whether there are more possibilities or rewards. This mechanism is especially
relevant for interactive playgrounds that have an educational function. Ensuring
that children will not be presented with the same information or narrative twice not
only reduces frustration but might also keep children more engaged in play, thus
allowing them to learn more in the same amount of time.
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3.3 Interaction Mechanics

The interaction mechanics determine how the playground responds to the behavior
of the players. It is the coupling of the playground’s sensing with the feedback.
These components together with the behavior of the players form a loop, see
Fig. 3. Changes in the feedback, determined by the game mechanics typically lead
to changes in the displayed behavior. The mechanics are closely tied to the goal of
playground. For example, when the aim is to promote physical activity, the
observation that the activity decreases should result in appropriate feedback to
engage the players to move more.

Interactions can be specified at the level of inputs, such that system actions are
triggered by the detection of certain behaviors. For example, a sound can be played
when pushing a button, or a light could flash when a certain pose is assumed.
Alternatively, feedback can be given based on a certain state of the players’
behavior, for example when they move a lot or when their movements are in
synchrony with the rhythm of music in the playground. Often, the interactions are
conditional on the state of play. Actions performed by the players result in dif-
ferent ways of feedback from the playground depending on the roles and behavior
of the players. As such, the behavior of the players can be steered, for example
when the projections light up brighter when the players are close together.

When the feedback rules are more complex and take into account player roles,
games such as tag games or ‘‘Simon Says’’ could be implemented. Feedback to the
players is important as the observed game state not necessarily has to correspond
with the one perceived by the players. For example, the playground could observe
that a tagger hit a runner, whereas there was no physical contact. In this case, the
internal state of the playground needs to be properly reflected in the feedback to
resolve ambiguities.

Interactions can change over time. This stimulates players to explore the
interactions, which could lead to a larger diversity in the displayed behavior. By
varying the interactions or by making them less deterministic, the open-ended
nature of play can be stimulated. Children are encouraged to explore the inter-
actions and to come up with new rules and goals that use the changing types of
feedback.

Fig. 3 Processing loop
applied in interactive
playgrounds

112 R. Poppe et al.



3.4 Evaluation of Goals

To evaluate whether a playground functions as intended, players can be asked about
their experiences. Questionnaires could be used to find out whether children enjoyed
the play, or whether they have learned something. Such evaluations are difficult as
the goals of the playground are typically not explicit and might be achieved
unconsciously (Poppe et al. 2007). Alternatively, one could have observers annotate
the play session and reason about whether the playground’s goals have been met. In
such cases, the number of interactions, occurrence of certain actions, amount of
movement or cooperation could be measured by the observers.

However, the automatic sensing in interactive playgrounds can also be used to
obtain objective measures to evaluate the playground. For example, the effect of
certain ways of feedback on the amount of movement and interactions of the
players can be analyzed automatically. Such findings can give rise to the adap-
tation of the game mechanics during play, but also might reveal insights on how
play can be made more enjoyable in a broader sense. Given the tremendous
amount of possibilities of interactions between players and playground, it is useful
to be able to automatically have a measure of which type of interactions are
appreciated by the players.

4 Interactive Playgrounds of the Future

While interactive playgrounds are becoming more common, there are many ways
in which they can be made more engaging, versatile and popular. The availability
of novel and more affordable sensor and feedback technology presents opportu-
nities to even better address the different goals of interactive playgrounds. We
discuss some promising avenues along the previously identified dimensions of
context-awareness, personalization, and adaptiveness.

4.1 Socially Aware Interactive Playgrounds

Sensing in interactive playgrounds is currently often limited to localization of
players, analysis of movement, and the recognition of gross action categories.
Additional context-aware information, such as social behavior, is usually obtained
manually through observation or annotation of videos since its automatic analysis
has proven challenging or nonviable. Advances in sensor technology and computer
vision algorithms allow for more accurate automatic analysis of players’ behavior.
This allows researchers to analyze behavior that has been so far neglected or
overlooked. This is true for both the interpretation of the bodily behavior of
individuals, conscious or unconscious, as well as the social behavior of groups
(Moreno et al. 2013).
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The latter is especially useful since social behavior is an extremely important
component of play. The study of social behavior could be achieved by looking
toward social signal processing, an emergent field of research that deals with the
automatic analysis of social signals (signals that people use to convey social
information (Vinciarelli et al. 2012)). Being able to detect and understand social
interactions during play, such as cooperation or competition, presents great
opportunities to design new types of interactions, as well as novel evaluation
methods.

As an example, imagine a playground that supports different types of tag games
(Moreno and Poppe 2013). Roles (runner or tagger) could be indicated by a
differently colored circles projected around each player. The playground could
detect that children in a playground are playing together with the exception of one
child who is excluded from the game. This may be due to personality traits, such as
the kid being shy. The playground detects the exclusion and modifies the
mechanics to integrate him, such as giving him a key role in the feedback, for
example by persuading the other children to tag him by presenting directed pro-
jections. Also, differences in skills could be detected, for example when a child
does not manage to tag anyone. In this case, the playground could decide to switch
roles and appoint another child as the tagger. Another application could be the
detection of boredom from the players. By sensing general playground features,
such as lack of movement or low sound levels, along with specific player cues,
such as having the arms crossed or not interacting with other players, the play-
ground could radically change the mechanics to engage the players again. In the
case of tag games, there could be more taggers, or there could be a ‘‘ghost tagger,’’
a colored circle that assumes the role of the tagger.

4.2 Tailoring to User Groups

We have discussed playgrounds without focusing on players with specific age,
interests or abilities. With the automatic sensing and the possibilities of adapting
the game mechanics and feedback, we can tailor playgrounds to individuals but
also to groups of users. Children that prefer physical exertion can be presented
with more active play, whereas children that value novelty more might be pre-
sented with more narrative. This personalization is likely to present opportunities
to further engage children into the play.

A user group that deserves special attention is that of players with physical or
intellectual disabilities. Given that interactive playgrounds provide a safe yet
controlled place for exploration and experiencing makes them the ideal tool to
support these users. There is some initial work in this direction. Wyeth et al.
(2011) designed the Stomp platform to encourage social interaction between
players with intellectual disabilities, by using pressure sensors embedded in floor
mats and projections.
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However, there are challenges in the development of interactive playgrounds
for these users (Wyeth et al. 2011). Classical principles of user-centered design
and standard methods of evaluation will not always work. People with disabilities
may have limited abilities to express themselves, or might express their states and
intentions differently, which can lead to misunderstandings. There are also chal-
lenges faced in the design of the feedback, as some disabilities can affect the
player’s hearing, vision or cognition. Also, care should be taken in presenting
feedback to the players as there is the risk of overstimulation, which can have
severe consequences (Noordzij et al. 2012). Both for the design and practical use
of playgrounds for these more vulnerable groups of users, care-takers will take a
prominent role. The research into appropriate feedback might eventually also be
useful outside the playground.

4.3 Novel Interactive Elements

The introduction of novel interactive elements into playgrounds can enhance their
appeal, especially given the curiosity that children have for novel gadgets and
technology. For example, interactive playgrounds could be equipped with inter-
active tiles (Derakhshan et al. 2006) or tangible objects that can make sound, emit
light or vibrate in response to certain actions and interactions.

Moreover, we expect that stronger narrative, either through a voice-over or
through projections, can increase the engagement of the players. We specifically
foresee a more interactive way of narrative, for example, where a virtual character
responds to the players’ actions and guides them to explore certain types of play.
When the interactive playground supports themes such as pirates or jungle, an
increased feeling of immersion can also be achieved. Moreover, these characters
can eventually become a play buddy.

In some cases, being able to play over a distance will be beneficial for both
physical activity and social interactions. Playing with friends can lead to more
engagement and more creative play as players might be less inhibited in their
creativity. While distant players can be represented using projections and sound
(Mueller et al. 2003), they could also control elements in the playground such as
lights. Also, they might be represented as robots or virtual characters to be more
versatile in their expression. Children have been found to enjoy robots (Lahey
et al. 2008). Instead of having other players participate in the play through robots,
they can also take on the role of narrator or automatically controlled team mate or
opponent. This can increase the sense of competition or cooperation between
players.
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5 Conclusion

In this chapter, we have discussed interactive playgrounds and their goals.
Promising avenues for further research, exploration, and development have been
outlined. We are confident that future playgrounds will better meet children’s
needs of engagement, fun, and physical exertion. Moreover, there are opportunities
to achieve behavior change, and to stimulate children to develop cognitive, social,
and physical skills.
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