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Abstract. Autism Spectrum Disorders (ASD) are characterized by social and
communication difficulties, which can result in challenges forming relationships
with peers and taking part in imaginative play. Play Therapy creates recreational
spaces where children can learn social skills in an exploratory and creative
manner. As children with ASD have a unique affinity towards computer based
systems, play therapy approaches using Information and Communication
Technologies (ICT) have proved useful in maintaining player motivation and
engagement. In this article we will present an intervention tool inspired by play
therapy that we have designed using full-body interaction technology, which has
been successful in fostering social behaviors in children with ASD.
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1 Introduction

As children, play provides a safe space for developing the imagination and exploring
creative narratives. According to Wieder et al. [66], play is the most important part of
childhood, where children can share and explore thoughts and feelings. It is a time
when children can distance themselves from real life enough to think in abstract terms,
assigning symbolic meanings to everyday items. In the case of children with devel-
opmental disorders like Autism Spectrum Disorders (ASD), the imaginative world can
expand regardless of the boundaries placed on physical and sensory means. In fact,
research has shown the potential of play-based therapies in the development of social
and communication behaviors in children with ASD [18].

Play can be built within or around the boundaries of game rules, or objects, while
retaining a certain degree of freedom for creative construction [17]. The degree of
interpretation given to players is dictated by whether the play arrangement is
open-ended or goal oriented. Open ended play refrains from strict structural elements,
and allows children to create their own rules for play [10]. For example, when given a
plastic ball, children will begin to propose and negotiate play dynamics, all the while
exploring the properties of the play object. In this process, creativity is drawn from
each player’s subjective frame of reference, mixing them with the experience and
suggestions of other players [51].

In an experiment by Dewey et al. [25], it was found that rule based games were
considered the most fun, and yielded the most complex interactions. However, when
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children were given glowing play balls in an experiment by Bekker et al. [10], it was
observed that children liked playing more in free-play sessions than in game sessions
with pre-defined goals.

In order to create an enjoyable, and more importantly, engaging, play experience,
certain factors must be taken into account. In the realm of computer game development,
there must exist a balance between sense of control, the chance to create strategies, and
the search for new information [53]. Maintaining player engagement means the game
play must also uphold a certain degree of challenge. These challenges are supported by
clear goals and attainable goals which the player must work towards during the course
of play [52]. When the challenge of a game is met with feelings of enjoyment, the
player enters the moment of “flow” [21], which is considered a highly concentrated and
fulfilling state [33]. Moreover, players can maintain motivation through feedback such
as positive reinforcements, which can be a valuable tool in the process of developing
new skills for children with developmental disorders such as ASD [47].

1.1 Autism Spectrum Disorder

Autism Spectrum Disorders are a collection of neurodevelopmental conditions which
impact an individual’s propensity for social communication and social interaction [6].
Although people with ASD show a wide range of intellectual and motor capabilities
[63], there are a few characteristics which are particularly common among diagnosed
individuals. These include inhibitions in social communication and restricted, repetitive
behaviors.

1.2 Social Difficulties with ASD

The pervasive deficits in social abilities among individuals with ASD frequently result
in challenges in developing, maintaining, and understanding relationships with others.
Individuals with ASD may show difficulties in social-emotional reciprocity, taking part
in imaginative play, or initiating social interactions. As a result, children with ASD
typically engage in a higher frequency of solitary, nonsocial play [44] and may have a
higher incidence of social fragmentation in friendship and classroom circles [3].

Along with conversation, individuals with ASD also have difficulties understanding
non-verbal language, which can lead to misinterpretations of unspoken social norms
and expectations [24] or failure to detect contextual meanings of words [35]. Indi-
viduals with ASD also find seeking involvement and acceptance difficult, resulting in
problems carrying out collaborative tasks [65].

Research has shown that early intervention in children with high-functioning ASD
leads to better progress reports [67], thus increasing the potential for an improved
quality of life.

1.3 Play Therapy

Play therapy is a set of play-based interventions, where a therapist builds communi-
cation with patients through driving play activities towards patients’ interests. It is
commonly used as an intervention for the development of social and communication
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skills. Research evidences the efficacy of play-based therapy [15] and its specific
benefits for the acquisition of social and communication skills [18]. Thus, play has
potential as intervention given its structured nature upon which participants can build
new needs and interactions.

Children with ASD tend to show uncommon behaviors in imaginative and sym-
bolic play when interacting with objects. Their approach to toys tends to be an
exploration through taste and touch [60], becoming intimate and close to the objects.
Nonetheless, playing is crucial in children with ASD as, although they might approach
objects differently than neurotypically developing children, they can express them-
selves naturally through play. The Developmental, Individual-Difference,
Relationship-Based (DIR) model, known as Floortime [66] is one form of child-led
play therapy which consists of six milestones, including relationship building and
complex communication. Bratton et al. found that humanistic non-directed play ther-
apies produce significantly larger effects than non-humanistic directive therapies [15].
Non-directed interventions for children with ASD have been proven to be effective
therapy [40]. The project we present in this article seeks for a humanistic non-directed
intervention, as the system was designed to help children recognize their creativity and
freedom by letting them play without enforcing any specific play style.

One of the most successful and known research projects on play-based therapy for
children with ASD is by Legoff [42]. Legoff used LEGO brick sets as a tool for
mediating communication between groups of children with high functioning ASD.
During experimental sessions each child had a specific role in the building process, thus
all children in each group were forced to cooperate and collaborate to achieve the final
goal. The results showed an improvement in the acquisition of social abilities,
specifically initialization of peer contact.

2 State of the Art

In an attempt to provide engaging and dynamic interventions, many research efforts
have utilized Information and Communication Technologies (ICT) to create play and
learning experiences for children with ASD [34]. Furthermore, it has been shown that
children with ASD have a special interest in computerized learning [12], possibly due
to the linear and systematic nature of most computer programs [16]. This clear structure
can reduce anxiety for individuals with ASD, as they usually show increased
responsiveness to stimuli when events are predictable [29]. Also, with ICT, change can
be introduced and mediated in a discrete manner [2].

Various kinds of ICT have been shown to be effective for use in treatment and
learning. Projects which use computer graphics displays have been recommended with
ASD for the use of visually cued instructions. Examples include hand held devices for
aiding communication [49], tangible user interfaces (TUI) for learning social com-
munication skills [48], and multi-touch tabletops for teaching group collaboration [8].
Children with ASD have also shown positive responses to working with robots for
practicing imitation and joint attention [28].
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2.1 Virtual Reality Intervention for Autism

Virtual reality is a type of ICT which uses real time virtual displays which can represent
real or imaginary events and environments [54]. These systems can provide a safe
training environment to practice social behaviors, without the distraction of external
stimuli [1]. VR approaches have proven beneficial for individuals with ASD in plan-
ning, problem solving, and management of behavior [64]. Examples of virtual reality
interventions include head mounted displays for simulating real life situations [61], and
virtual environments for social skills training [55].

2.2 For Socialization

Projects for children with ASD have successfully used a variety of virtual reality
approaches to teach social skills. Social training can take place through simulation of
everyday places, such as being in a restaurant [62], a birthday party [41], or a bus [55].
Virtual reality and multimedia approaches can also represent magical or imaginary
situations to appeal to children’s interests, such as a troll forest [68], an enchanted
world [50], or an alien planet [32, 45]. Social skills training can also create a collab-
orative environment, where multiple users work together. Examples of collaborative
ICT projects include solving a puzzle with a partner [8] and creating an apple orchard
narrative [32]. The use of virtual agents as digital peers can be a valuable tool for
teaching collaboration and to reduce avoidance mechanisms [2].

3 Full-Body Interaction

Full-body interactive technologies pose a unique stance to the interactive technologies
paradigm, placing the body as the center of interaction [50]. These interactive tech-
nologies are operated by the natural gestures used in daily life for expression and
communication, through the movements of the body and under-standing oneself as an
active participant in relation to the surrounding physical and virtual space.

Virtual environments allow the user to have control over senses, movement, and
communication in the virtual setting [20]. As individuals with ASD commonly have
difficulties with motor skills [43], full-body virtual environments allow a freedom of
movement beyond the traditional mouse and screen setup [19]. Full-body technologies
in particular have been seen to assist in learning [5, 39]. Also, collocated full-body
experiences allow for face-to-face collaboration withother users, which has been seen to
foster social behavior [50]. This research shows that full-body interaction systems hold
potential as intervention tools for individuals with social disabilities, such as autism.

The theoretical basis for full-body interaction may be understood as a dynamic
relationship between cognitive processes and the subjective human experience that we
construct by living and moving within the world. In fact, embodied cognition theories
hold that cognition is mediated by the human body and its place within the sur-
roundings [13]. It is this relation between body and space which defines our human
condition [24], placing knowledge not as an abstract concept to be passed from one
person to another, but rather a contextual construction which is influenced by our
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previously held perceptions and experiences. This perspective, known as situated
learning, sets learning as a social activity between humans as constructors of knowl-
edge [56]. Therefore, meaning is created as we collaboratively interact with others and
the world around us [31].

In the field of Human-Computer Interaction, embodied interaction takes the human
as an active participant in the particular setting [27]. This concept of embodied
interaction aims for direct manipulation of the virtual environment, also by collabo-
rative user groups [4, 26]. In addition, as emotion is seen to be connected to cognition
and understanding of information [36], full body interactive environments based in
embodied interaction and user states can be advantageous for learning of concepts [58].
This was shown in an experiment by Benson and Uzgaris, where babies who were
allowed to crawl through an environment found hidden objects easier than babies who
had been carried through [11]. This shows how first person exploration of an envi-
ronment leads to mental model construction [7]. Also, the framework of Embodied
Facilitation describes how the layout of material objects and space relates to group
behavior [38]. This theme is important when designing play experiences, as providing
feedback to physical activity can be implemented in group settings to stimulate
physical play [9].

4 Lands of Fog

In this section we will describe Lands of Fog, a full-body interactive play environment
for children with ASD. The system allows children with ASD to play collaboratively
with a neurotypical partner to learn and practice social behaviors, offering strategies to
help children engage in the flow of the experience while reinforcing positive social
behaviors.

The system Lands of Fog was formed as part of the IN-AUTIS-TIC project, funded
by the Recercaixa 2013 grant. The project was based upon the project Lightpools, an
interactive art installation with the goal of fostering socialization among users [37]. In
an informal setting, the Lightpools system was tested with children with ASD and
found to spark social initiation behaviors. Lightpools’ interactive design was adapted to
form the basis of Lands of Fog, which was created as a full-body interactive envi-
ronment to foster socialization and collaboration in children with ASD. As in Light-
pools, Lands of Fog utilized a 6 m in diameter, circular floor projected setting, which
was considered large enoughto give each child their personal space for exploration but
also small enough to encourage serendipitous encounters and meetings. The circular
format was created to prevent potential isolation of children in corners and also nat-
urally guide participants back to the middle of the physical and virtual environment.

For the design of the Lands of Fog, we conducted 5 participatory design sessions
with children with ASD. Children directly defined the design of the game by con-
tributing ideas for content and interactions. This practice falls in line with participatory
design research which shows that when designing systems for individuals with special
needs, is important to include their unique perspectives [30].
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4.1 Design

In the gaming system, the virtual world is covered by a dense layer of virtual fog, which
the users can partially open to reveal part of the world which lies below as they wander
through the virtual scenario. The fog motivated users to adopt an active attitude towards
the game by limiting viewpoints. This is referred to as a “peephole”, a design strategy
which Dalsgaard and Dindler suggested to promote exploration [22]. Moreover, limiting
the viewing content was meant to help users focus on relevant information while
exploring, as only one part of the virtual environment could be seen at a time.

Users carry a glowing butterfly net as a handheld device which works a cognitive
offloader to channel the users attention into the play setting. Swarms of fireflies wander
around the virtual environment, which can be caught with the butterfly net. Once caught,
fireflies change their color to match their captor’s net. Users understand easily the extent
of their control in the system by moving around the butterfly net, and can create
strategies for hunting insects, which helps children to get into the flow of the experience.

After users hunt a certain amount of fireflies, these insects will transform into a
magical creature which follows the user (see Fig. 1). Each creature was designed by
children with ASD in the aforementioned participatory design sessions. These creatures
open a new level of interaction richness with the experience. This progression, from
hunting fireflies to controlling a creature, was designed to offer the children an initial
simple-to-grasp mechanic (i.e. hunting fireflies) that would foster their engagement
while getting acquainted with the system. Davis et al. suggested that it was a good
practice to first design features which would be easily understood by children with
ASD, while novel and richer elements can be gradually introduced later on [23].

If users adopt a passive attitude while playing, their creatures will try to call for their
attention using positive feedback such as waving to their owner. All creature behaviors

Fig. 1. Two players exploring the virtual environment in Lands of Fog.
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were implemented to engage users. Another example is when users are passive for a
long time the creatures will try to get closer to the other user’s creature. This mechanic
was devised for sparking socialization behaviors between users during play.

When creatures come close, they perform a greeting action towards the other
creature. We designed this so creatures would be models of social behaviors for the
players. If the two users get even closer, the creatures will merge and create new
creatures, which take the place of the old ones. Thus, children find that they have to
collaborate if they want to discover all the creatures. If users just keep hunting fireflies,
their creature will change its external appearance up to four times. The discovery of
new creatures was designed as a positive reinforcement for collaboration to engage
users and keep their motivation.

Apart from the creatures, the world scenario in which the users play is also pop-
ulated by virtual elements which the users can interact with. As the creatures, all the
virtual elements were designed during participatory design sessions. These virtual
objects spark the interest of users, who share their discoveries with their partner and
proceed to explore the world together. If a user approaches the virtual elements, their
creature will point towards the element and make an exclamatory remark. This way the
creature tries to communicate to the child that the element might be a point of interest.
Again, these behaviors were devised to encourage the user to explore, and also to
promote an inquisitive attitude that would foster socialization between users.

The virtual elements can only be activated when both users bring their creatures
close to the element at the same time. If both creatures are close to an object, they will
interact with it. The object will respond with an animation, as a positive reinforcement
to collaboration, and then will disappear. Meanwhile the creatures will celebrate their
discovery. Only through collaboration, children can discover all the virtual objects
form the virtual world.

4.2 Experimental Evaluation

A series of experimental trials were carried out in Barcelona during the summer of
2015 and in London during fall of 2015. The sample included children between 10 to
15 years old with an ASD diagnosis by ADOS Model 3 diagnostic tool, designed for
young people with verbal fluency. These selection criteria were chosen to include youth
with autism who possessed adequate capabilities to explore the game’s features,
including moving freely within the scenario and conversing verbally with a partner.

We conducted two studies to evaluate the system. The first study, based on a
repeated measures design with randomized couples, was in a controlled laboratory
setting in Barcelona, where during the course of one month each child participated in 3
playing sessions of 15 min. The goal of this study was to evaluate the efficacy of the
system in fostering user engagement, socialization and collaboration within the context
of the virtual environment. In the second study, the Lands of Fog system was trans-
ported to London in November 2015, where it was installed in an integrated elementary
school with a Special Educational Needs program. Over the course of one week, 20
children with ASD played in the system. An experimental protocol was defined by the
researchers along with psychologists and school personnel, and it was decided that each
child would play for 15 min with a typically developed classmate.
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For evaluating the system we had three different data gathering methods. In Bar-
celona, questionnaires were administered to parents before and after each session to
evaluate children’s response to the experience. In London, after each session, children
were interviewed, with a different questionnaires, about their experience and how they
perceived their partner. The goal of these trials was to evaluate the efficacy of the
system in an integrated school setting. The second method was based on video
recording the sessions and subsequent coding of these with a video coding scheme
designed alongside the psychologist. The last data gathering method was the activity
logs generated by the system to record movement and playing data.

4.3 Experimental Results

The system was evaluated based upon its ability to motivate children with ASD to
engage in playful social and collaborative behaviors with their partner. In the laboratory
setting, we saw that the number of seconds remaining still decreased significantly from
the first to the second session (Z = −2.191, p = .029) and from the first to the third
session (Z = −2.293, p = .022). The number of collaborative interactions such as
manipulating virtual elements increased significantly through the sessions (ANOVA:
F(2, 9) = 22.9, p < .05) (Table 1). In Barcelona experimental setting, post-session
questionnaires revealed that the activity level of the children was rated significantly
higher by parents through the sessions (ANOVA: F(2, 9) = 9.559, p < .05) (Table 2).
This marked increase in activity supports that the virtual environment motivated
children to explore and play. Barcelona post-session questionnaires also revealed an
increase in flexibility in the children with ASD through the playful experience with a
significantly increase from the first to the second session (Z = −2,414, p = .016) and
from the first to the third session (Z = −2,060, p = .039). As individuals with ASD
have a tendency to adopt repetitive patterns of behavior, this change in flexibility
demonstrates that the game fostered a willingness to embrace the playful acts of
exploring, sharing and adopting collaborative behaviors. Multimodal data analysis
revealed that in London experiments a 95% of children with ASD felt more com-
fortable interacting with their partner in the game setting than in physical education,
and a 65% of typically developing children reported an increased willingness to get to
know better their ASD playing partners.

We observed significant increases in social initiations and responses from the first
to the third session in Barcelona experiments (Z = −2,807, p = .005) and from the
second to the third session (Z = −2,040, p = .041). This means that, in the context of
the playful experience, children with ASD were successful in engaging in social

Table 1. Virtual elements manipulated

Source N M SD

Session 1 10 4.5 4.2
Session 2 10 16.1 9.2
Session 3 10 23.5 6.6

Table 2. Activity level

Source N M SD

Session 1 10 4.1 3.14
Session 2 10 5.1 3.48
Session 3 10 4.8 3.59
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communication with their partner. In addition, 95% of children with ASD reported that
they preferred playing with their partner in the game than in physical education class.

5 Discussion

By using child-led play as a model for gameplay, our aim was not to lead the children
through a set of pre-defined objectives, but rather to bring out their own creative and
exploratory nature as they work together with a partner to build their own under-
standing of the environment. Through this experience, we aimed for a non-directed
spontaneous form of interaction, the same as might be found while playing on the
playground or other peer-to-peer play settings. Results show that Lands of Fog was
successful on motivating users to engage in collaborative play within the system, while
also fostering social behaviors between players. Moreover, parent, professional and
user feedback through questionnaires shows that the game was well received.

Basing the design of our intervention tool on play therapy allowed us the develop a
system which could be effectively used to help children with ASD to learn and practice
social and collaborative behaviors. The strategies designed for the game successfully
helped children with ASD to get acquainted with the system and the control. The initial
mechanics helped children to get into the flow of the experience and quickly adopt
social behaviors in order to collaborate and discover the different positive rewards.

It is important to note that, although children showed increases in positive social
behaviors and collaboration during the course of playing the game, these results have
not been tested for generalization into other areas of their daily life.

As the longest duration of testing was over three sessions, we cannot expect that the
sessions had a large impact on the neurodevelopmental condition and habits that have
been formed over the course of their lives. In observing that the children were moti-
vated to engage in the collaborative play activity, we are encouraged to see that playing
with a partner can be a positive experience for these children to foster socialization.
Further research must include multi-modal data collection which can help determine to
what extent the children are comfortable in the collaborative play setting when inter-
acting with their partner, and how these experiences can be built to accommodate the
special tendencies that individuals with autism have regarding social interaction.

In the design of interfaces for children with special needs, several patterns have
emerged as indicators of successful design. For example, including children has been
held as an important aspect of the design process, as their interests, abilities and values
differ greatly from adults [57]. This inclusion of children’s voices can be done through
participatory design studies [46]. Also, using common, recognizable objects (in our
case, butterfly nets) is a way to create intuitive interaction [51].

For children with ASD, activity based learning with peers is preferred by children
rather than direct instruction [14]. Constraints and structure in the system work to the
benefit of children with ASD [32], along with task consistency and gradual introduction
of new elements [23]. Finally, sensory reinforcers have been shown to motivate
learning in young children with ASD [59].
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Finally, future work should focus on assessing the system in more longitudinal
studies where the system is integrated into a classroom or intervention program, so the
system could be evaluated as an intervention tool for children with ASD.

6 Conclusions

This article presents a novel potential digital intervention tool for motivating social
initiation and collaborative behaviors in children with ASD, which was inspired by
humanistic non-directed play therapy and its design was informed by objective pop-
ulation through a series of participatory design sessions. Results of the two experi-
mental studies we have done show that the full-body interaction system is successful in
promoting social behaviors and collaboration during game play between users.

We believe that Lands of Fog demonstrates the potential of full-body interaction
technology to design playful intervention systems for social communication therapy.
This kind of systems could be deployed in special education centers and inclusive
schools as intervention tools, but also as aids for social inclusion for children with ASD
in playful settings with peers, as results show the system was successful on changing
positively how peers perceived each other after playing with the system.
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