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There is a strong relation between playful learning and the environment children
inhabit. An environment can easily turn into a medium for play while its patterns
and children's interactions with these patterns can turn into experiences of
learning. Developed upon findings from an analog pilot study and built with an
open source electronic platform and piezoelectric sensors, our prototype
translates children's physical actions into responses of an interactive device.
Experiments with children using the prototype support, in part, a unifying
approach to designing playful learning environments embedded with tangible
spatial interaction.
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INTRODUCTION
Children explore their surroundings without much
prejudice. In the process, they make sense of the
world and build up a perception of it. In the era of
digital natives, there is ample technology, grounds,
and need to expand the ways in which children interact with their surrounding and situate themselves
in space. Play is ideally a time for children to try
ideas and advance in knowledge without being controlled by grownups. In the absence of a limitation,
surrounding objects and the environment become
the proper medium in a child's imagination. As children naturally acquire experiences through their explorations, there is an opportunity for the design of
enhanced spaces, materials and objects embodying
interaction for playful learning.
Technology is ubiquitous in our everyday surroundings and has become an unfailing experience
(McCarthy & Wright, 2004). With the power of com-

putation, it is possible to enrich materials by using embedded systems. This leads to spaces with
increased aﬀordance for interaction, and a more
uniﬁed relation between the physical and the digital world. As children use their senses to interact
with the physical world, spaces of embodied interaction can become their playful learning environments.
These ideas are already inherent in the notions of
Ubiquitous Computing (Weiser, 1991) and Tangible
Interaction (TI) design ﬁrst introduced by Ishii and
Ullmer (1997). The initial idea of giving data a form
and locating it in the physical environment rather
than the computer screen has provided the potential
for human interactions through multiple senses.
Today, Tangible Embedded Interaction (TEI) researchers do not only study the objects, but also
question, from a wider perspective, the expanding
limits of tangibility and spatial aﬀordances in the case
of interactivity. Physicality in a real world interaction
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can be achieved through the embodied interaction
where interaction with and within the world is the
main focus (Hornecker, 2011). The design of interactive environments is founded on the idea of building knowledge through manipulation and transformation of interactions. In the embodied option, reasoning, knowledge and creativity rely on the spatiality and aﬀordances enabled by user behavior and interactions.
The purpose of this study is to explore the potentials of interactivity embodied in space and to develop a model to support children in their natural
playful learning process with the help of technologically enhanced environments. Three key issues form
the basis for this study: the use of technology for
learning in free-play; interactive settings; space as a
technology embedded medium. These issues are examined through the design of a playground. An interactive prototype is developed to test the potentials and deﬁciencies of embodied interactivity for
learning through play. It deﬁnes the outputs for a set
of analog input, namely the movements of children
in the environment, and helps children to explore the
new aﬀordances in this uniﬁed medium. Its objective
is to engage children in playful learning in a real environment with interactive systems and thus represents a possible space with features that challenge a
child's curiosity, encourages the manipulation, transformation, and reconstruction of elements from the
environment.
This paper reports in two parts the contextual
and experimental aspects of the study. The ﬁrst part
highlights the theoretical background whereas the
second part ﬁrst introduces a pilot study, and then
depicts the prototype and the relevant experimental
study. The pilot study is conducted with the participation of two four-year-olds and documents, alongside of observations and data collection, the discussions between the two participants, their reaction to
the physical set-up and their ideas for the project.
Subsequently, the same children play with the interactive prototype as part of an investigation into the
aﬀordances technologically enhanced environments

hold for playful learning.

LEARNING THROUGH PLAY
Playful Learning
Learning through play requires an interaction among
children, objects and the environment. Relevant literature maintains that play enhances motivational,
cognitive and psychological development. Piaget
(1962) provides a base for understanding children's
intellectual development and growing capability at
diﬀerent levels with particular stages of development. According to Piaget's theory, children have
their own way of thinking, diﬀerent from adults,
possibly most suited to their circumstances (Ackermann, 2001). Through acting and physical interaction within the world, they acquire tacit knowledge
of themselves and of their environment. In turn, externalized ideas get tangible and enable further inferences and feedback. The environment they play
in through interactions becomes a space of play. Patterns that emerge translate to what they come to
know about that interaction. There is still a growing a
need for more studies on individual diﬀerences, their
variables, and cultural aspects rather than on general
approaches to spatial interactions.

Tangible, embodied and spatial interaction
Technology is evolving fast both in software abilities
and in physical capacities. Research on Ubiquitous
Computing has inﬂuenced numerous pervasive technologies, ambient mediums and tangible computation technologies added to the physical world of our
daily life. Weiser's observation that "even the most
powerful notebook computer, with access to a worldwide information network, still focuses attention on a
single box" (1991) is now put to test with the growing
application areas of ubiquitous computing. Hiroshi
Ishii and the Tangible Media Group (Ishii & Ullmer,
1997) are among the pioneers in developing the idea
of uniﬁed form and computation in the ﬁeld of human computer interaction and the eﬀects are spreading to spatial interactions.
The idea of incorporating the potential of phys-
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ical interaction to the digital realms is current and
common. Instead of "window, icon, menu, pointing
device" (WIMP) interactions, there is a growing interest in post-WIMP interactions with and within the real
world. Embedded computings oﬀer new and holistic ways of interacting with everyday environments.
A new generation of tools such as Kinect and Wii accord with this uniﬁed approach and change the way
we see our environments and computing. Children's
playing habits, their bodily movements in their environments, and their perception of the world as well
as what they learn from this interactive play evolve
accordingly.
In tangible interaction, the main idea has been
materialising digital information (Ishii & Ullmer,
1997). The premise is that the users can make better
use of their reasoning capacity through direct manipulation and transformation of their movement, any
object and space. In digital systems with tangible
interfaces, people's move in space is represented as
abstract, often digital, data. Within embodied systems, both the physical and the digital mediums become partners in the ruling. The size of the physical
features of a tangible interface, especially that they
are perceived easily, matter in the quality of the interaction. When technology is embedded in space
rather than presented in a singular object, users are
expected to move in space to interact. One's movement in the environment with and within these interactive spaces is again a tangible interaction (Ciolﬁ,
2004).
It is often observed in all levels of academia that
students today, generationally described as digital
natives, did not see a world without ubiquitous electronics and "are no longer the people our educational
system was designed to teach" (Prensky, 2005, p. 98).
Humans continuously change, improve, evolve, and
the environment they exist is aﬀected and restructured in parallel. The engaging power of play poses
an advantage for interactive learning processes that
may take place in embedded environments. In the
near future, the relationship between responsive environments and the learners will be bidirectional as

digital natives will reciprocally play a role in how the
features of the spaces they inhabit evolve as well.

METHODOLOGY
The study presented in this paper is a technical and
conceptual framework for an interactive learning environment proposal and is conducted in two main
phases. In the ﬁrst phase, a pilot study tests the
scope and concepts of basic interactions hereby interpreted as learning through play (Figure 1). In that
preliminary work, a large walkable area covered with
paper is deﬁned as the initial playground. Two 4year-old children are invited to participate in free play
with colour markers and paint to observe their own
traces and game patterns on the paper. Inferences
from these trials are deﬁned as routes with attributes
including the information of velocity, weight and positions all to be used respectively in the second phase
with the microcontroller and visualisations through a
screen.
The second phase involves an interactive object
that serves as a prototype for the concepts of the desired environment. The movement taken from the
environment is used as data transformed into an interface featuring colour, zoning and scale. The same
children from the pilot study participate in a second
experiment to play with the developed prototype. In
the prototype, an interactive element detects certain
movements of children, and in response, transforms
this data into patterns that can contribute to the children's learning of relational thinking along with basic shapes and colours. Through a programmed interface of control, light ﬁxtures embedded in the environment simultaneously visualise the movement of
children as colour, position, or any intended information to be passed onto children.

THE PLAYGROUND - A PRELIMINARY
SETUP
To better understand how children interact and play
in a limited set-up, and to deﬁne sample parameters
of playful interaction, we experimented with an analog set-up that consisted of a playground and two
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Figure 1
The set-up and the
anticipated tactile
exploration of the
preliminary study

colours of paint (Figure 1). The set up oﬀered a limited simulated functionality and allowed for some basic interactions with visual and haptic feedbacks. A
open area of 3m by 3m was covered with paper ﬁxed
to the ground. Children were provided with trays of
blue and red paint and two pairs of footwear easily attachable to the bottom of their shoes. They were not
instructed but freely stepped in the trays with their
attached footwear and then onto the planar surface
covered with paper. The two children are twins at age
4, one girl and one boy (from here on referred to as N
and D, respectively).
The pilot study enabled the identiﬁcation of
three categories that deﬁned play for the children in
the experiment: 1) approach and engage, 2) explore
and play, 3) interact and socialise (Figure 2).

Approach and Engage
From the beginning, the children took comfort in
the fact that they were together with their twins
and were not shy. They were very curious about
the setup. At ﬁrst they visually explored it from a
distance and later continued to familiarise with it
through touch before starting to bodily engage with
the setup.

Explore and Play
D was the ﬁrst to explore the playground. Right after
applying paint to the bottom of his shoes, he made
a big run reaching the limits of the playground, and
when his shoes run out of paint, he stopped to see
the totality of the traces he made. On the other hand,

N, having seen this, started within a smaller circle,
continually examining the traces her shoes left, and
only after that she started to wander around more
freely.
Both participants, N more than D, were interested in leaving visual traces that allowed them to
observing their own movements. Perceiving these
as helpful tools, they accepted the environment and
played extensively to experience and explore more in
the next 30 minutes.

Interact and Socialise
Apart from the children's focused physical playful activity within the environment, we observed that they
inﬂuenced the actions of one another. Many behaviours emerged during play, such as inﬂuencing
the other one, suggesting alternative ways, collaborative building, and synchronised movement.
After their ﬁrst individual explorations, they
switched their attention to see what the other one
was doing. They started looking at the traces of the
other to see what he or she did. Later on, for a short
period, they played tag, introducing a pattern that
they know prior to their experience on this surface.
As a result, they left similar traces. Soon to the end of
the play, N suggested that they can hold hand hands
and together they tried synchronous movement.

A Case for Playful Learning
Playing in an enhanced environment, analog and
much similar to the "activities" N and D referred to
in their conversation, had a positive impact on their
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Figure 2
a. First attempts b.
Exploring the
canvas c.
Collaborating on a
task d.
Reconﬁguring the
performance

level of understanding, engagement and motivation.
The environment gave visual clues to them regarding
the expected performances, yet their performance
depended on their imagination. The main idea of this
interactive playground has been to encourage children in playful learning. We observed that allowing
the children to act and explore on their own naturally
motivated them for interaction and active experiencing.
The paint traces served as the output devices of
the input from the children's movements. We carry
these relations on to the second phase of our study
where we develop an electronically enhanced set-up
(Figure 3). Embedding the input and the output into
the environment opens up new possibilities in space.
By embedding, new relations and ways of interactions emerge between the children and the environment, deﬁning the grounds for the children's play.

Figure 3
The framework for
the proposed
environment

A PROTOTYPE WITH PIEZOELECTRIC SENSORS AND A SCREEN

itations. The output of that is visualised through a
screen. The screen is a mockup feature that we reverted to within the limits of this study whereas the
initial design features interactive piezoelectrically capacitated ﬂoor boards previously simulated as the
walkable area of the ﬁrst phase.
A code continuously reads the value from the
potentiometer and writes the interrelated value to
change the variables on the screen with the read data
of the movement. Users simultaneously perceive the
current state of other players, their locations and proceed accordingly. With interrelated values, changing features are to be realised as learning material
via making inferences and reasoning. The set-up requires the conversion of data. In this case the conversion is achieved through Arduino boards that translate the analog input to the output in the form of basic shapes of colour to be subsequently visualised on
the screen. The variables for the shapes are scaled
size, position and colour.

The second part of our study introduces an interactive object rather than a playground. Despite being a
table-top box, this prototype is designed to mimic an
environment embodying kinesthetic and visual interactions. In the set-up, kinesthetic refers to pressure
and movement while visual refers to color. To visualise any real-time response from the movement, the
module contains piezoelectric sensors. Piezoelectric sensors harvest energy from the users through
movements and convert it into electrical energy so
that when programmed, the learning environment
can operate autonomously in its own systematic lim-
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Figure 4
The mapped data

Furthermore, players can build their own games with
the data provided from their constant movements.
They can ﬁgure out the expressive patterns of the visualisations and explore what other patterns that can
emerge. This opens up further possibilities for parameters such as brightness, zoning, and colour differentiation on a planar surface rather than one point
indicators, and in return, enriches the expression and
meaning of the movement during play.
The two children from the previous phase of our
study interacted with the prototype. Diﬀerently, it
was necessary this time to demonstrate to them how
the prototype works from the beginning. Both children were interested in the device even at ﬁrst sight
and continued this interest as they were given descriptions of how the prototype works. In their interactions later on, following some blind runs, they
started to try new ideas.
The main diﬀerence between the preliminary
analog experience and this trial was the shift in how
children approached the set-ups. In the ﬁrst one,
the children were focused on the idea faster whereas
in the second one they spent more time on ﬁguring out the mapping and relations. Attesting Ackermann's statement that interactive objects challenge
one's mindset on how things work (2005), unfamiliar
features embedded in the object or the environment
captured their attention and they sought its simple
logic.
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Figure 5
Testing the visual
outputs in an earlier
model of the
prototype

Figure 6
The prototype

Figure 7
N and D (age: 4)
exploring diﬀerent
insights via
prototype

The prototype stands for a playground with the enhanced features. It serves as the medium where
children can explore, experience and form changing interactions with and within the play environment. Additionally children are able to interpret the
results of their movements and build basic reasoning. With the embedded interaction provided in this
case, children have had the freedom of manipulating and transforming the data and explore the results
of their movements as scale, position and colour.
We observed that, as a result, they have developed
some basic reasoning skills through active play. To
encourage children in interpreting the system in an
explorative way in technologically enhanced environments, we propose to establish a connection between the input and the output, digital and the physical, the user and the environment.

DISCUSSION
We have introduced a technical framework and a
developing prototype for an interactive playground
that engages children in playful learning. In our studies up to this point, children were engaged and moti-

vated to explore and experience movement, colour,
and size of shapes when they got responses from the
environment as a result of their actions. Further responses to their continued actions motivated them
even more. The experienced aspects of the interactive environments in the two phases of our study deﬁned the type of interactions that took place. These
included children's interaction not only with the environment but also with each other similar to what
happens in many other forms of play.
The interactivity in both of our set-ups has made
it possible for the children to experience and explore. From the beginning of the pilot study, the
children were very much engaged and enthusiastic
about exploring and experiencing the set-ups provided for them. This shows that even the most primitive setups hold the potential to encourage children
in play and supports the premise that a uniﬁed physical and digital environment they inhabit can simultaneously serve as an interaction medium. Embedding
features of reasoning in the interactive environment
has served as the driving force for playful learning
within the real world. Because free play does not hold
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meaning from the beginning and not restrict their
use, they present novel, and not predesigned interactions and outcomes. As a result, the children could
have the freedom of reconﬁguring any environment
as their playground. Children's imagination and engagement may result in unexpected outcomes in enhanced environments.
Further research is necessary to rigorously evaluate designs and reveal new relations between the
design, the user behaviour and the user's cognitive
process to fully explain the eﬀects of interaction and
learning patterns. Ideally, further research should
be interdisciplinary and systematically consider variables across the ﬁelds of education, psychology, architecture and media technologies. Designs can then
be tested with more children of diﬀerent ages, genders, cultural backgrounds and over varied time segments.
As stated in the text, the prototype mimics the
conceptual framework for an interactive environment but is physically insuﬃcient in the study with
the two children. In the pilot study, the participants
had the chance of free physical activity, while in the
second, they were limited with the interactive space
of the prototype, which was small. As a result, the
enthusiasm in the physical activity changed. Exploration and collaborative work also decreased with the
lack of space to act on their own. It is obvious that the
prototype and playing at this scale would be insuﬃcient for larger groups as well. Future studies would
beneﬁt from the application of piezoelectric materials to 1:1 scale in the form of a surface that children
can walk on similar to the set-up in the pilot study.
When people move in real space, their data can
be mapped and represented in the digital realm.
Within embodied systems, both the digital and the
physical mediums merge and turn into a uniﬁed system. In our case, using Arduino enabled the transformation between the physical world and the digital
world and created unique ways for bidirectional spatial interaction. In the pilot study, children needed to
move in space to interact with the set-up and used
their bodies as the origin of their perception of how

they relate to it. This tangible experience strengthens
the relation between the children and the perceived.
Despite the 3D spaces in virtual realities, technology
in the physical realm can enrich the perceived space
better than a window and a pointer device.
Designing a learning space that supports the
child's curiosity and playfulness involves envisioning it as an interactive medium which uniﬁes digital
and physical features in fostering the possibility of
their manipulation, transformation and reconstruction right then and there.
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