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Abstract- The work presented in this paper was carried out
within the IROMEC project that develops a robotic toy for
children. Play has an important role in child development with
many potential contributions to therapy, education and en-
joyment. The project investigates how robotic toys can become
social mediators, encouraging children with disabilities to
discover a range of play styles, from solitary to social and
cooperative play (with peers, carers/teachers, parents etc). This
paper presents design issues for such robotic toys related spe-
cifically to children with autism as the end user target group.
In order to understand the play needs of this user group, and to
investigate how robotic toys could be used as a play tool to as-
sist in the children's development, a panel of experts (thera-
pists, teachers, parents) was formed and interviewed. Results
of the expert panel interviews highlight key points character-
izing the play of children with autism, and key points for
consideration in the design of future robotic toys.

I. INTRODUCTION

As early on as infancy, play activity creates and uses
auxiliary stimuli and is a crucial part of the child's devel-
opment [I]. Vygotsky argued that the biological foundation
of behaviour is intertwined with the changing social condi-
tion, both are inseparable components at each stage of a
child's development. Winnicott, too, emphasized the im-
portance of cultural experience in what he called potential
space between the individual and the environment, e.g. baby
and mother, child and family, individual and society, [2].
Bruner [3] has argued that the motivation for play, and that
play itself, is socially constructed. Meanings are learnt in a
social way within a particular context [3, 4]. Contemporary
work in activity theory also shows how children's play is
socially and culturally constructed [5].

The work presented in this paper is part of our investiga-
tion in the IROMEC project (IROMEC - Interactive RObots
as MEdiators Companions), a European FP6 project sup-
ported by the European Commission. The project recognizes
the important role of play in child development and targets
children who are prevented from or inhibited in playing,
either due to cognitive, developmental, or physical impair-
ment, which affect their playing skills leading to general
impairment in their learning potential, cognitive develop-
ment, and may result in isolation from the social environ-
ment. IROMEC investigates how robotic toys can become
social mediators encouraging children with disabilities to

1 The work described in this paper was conducted within the EU project
"IROMEC" (Interactive Robotic Social Mediators as Companions) and was
co-funded by the European Commission in the 6th Framework Programme
under contract IST-FP6-045356.

discover a range of play styles, from solitary to social and
cooperative play, and provide opportunities for learning and
enjoyment involving other children as well as car-
ers/teachers or parents who "join in" the game with the ro-
bot. This paper specifically address the role of our team
within the IROMEC project concerning the development of
robotic toy specifically for children with autism. In the re-
mainder of this paper we will focus on this particular
end-user target group.

II. A END-USER TARGET GROUP - CHILDREN WITH AUTISM

Autism here refers to Autistic Spectrum Disorders, a
range of manifestations of a disorder that can occur to dif-
ferent degrees and in a variety of forms [ 19]. The exact cause
or causes of autism is/are still unknown. Autism is a lifelong
developmental disability that affects the way a person
communicates and relates to people around them. People
with autism often have accompanying learning disabilities2.
The main impairments that are characteristic of people with
autism, according to the National Autistic Society [20], are
impairments in social interaction, social communication and
imagination (referred to by many authors as the triad of
impairments, e.g. [21]). This can manifest itself in difficul-
ties in forming social relationships, the inability to under-
stand others' intentions, feelings and mental states, difficul-
ties in understanding gesture and facial expressions, diffi-
culty in understanding metaphors, having a limited range of
imaginative activities etc. People with autism usually show
little reciprocal use of eye-contact. They also have a ten-
dency toward repetitive behaviour patterns and resistance to
any change in routine. In addition some people with autism
have hyper-sensitive sensory conditions. Touch can be ex-
cruciating, smell can be overpowering, sound, even at an
average volume can hurt, and sight can be distorted [22].

As autism can manifest itself to different degrees and in a
variety of forms, not only might children in different schools
have different needs, but also children in the same school
might show completely different patterns of behavior from
one to another, and might have different or even some con-
tradictory needs.

III. PRELIMINARY DESIGN CONSIDERATIONS

An important question when designing robots to assist the

2 For detailed diagnostic criteria the reader is referred to DSM-IV-TR,
the Diagnostic and Statistical Manual of Mental Disorders, American Psy-
chiatric Association, (2000) and ICD-10, Classification of Mental and Be-
havioural Disorders, World Health Organisation, Geneva (1993).
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play of children with autism, and thus possibly also to be
used in the therapy and education of children with autism, is
whether one should use humanoid robots that closely re-
semble human beings (e.g. possessing a lot of facial features
such as eyes, eyebrows, mouth etc.), as suggested e.g. by
[6], or rather utilize machine-like, clearly non-humanoid
robots, as argued e.g. in [7]. First evidence presented in our
previous work in the Aurora project [8, 9] clearly supports
the case of using simple robots with few features. Results
indicated that children with autism showed a preference for
interaction with a robot with a plain/robotic appearance over
a fully featured human-like "pretty doll" appearance.
An example of a specific design issue that impacts the

way children with autism interact with a robots relates to the
presence /absence of eyes or eye-like features. Literature
suggests that people with autism usually show little recip-
rocal use of eye-contact and rarely engage in interactive
games. Current work, however, shows that some children do
engage in eye contact, or are attracted generally by eyes
(whether of a real person's eyes or a drawing on toys), while,
on the other hand, other children feel threatened by eyes (see
section VII below). One ofthe advantages of using a robotic
toy is that once a robot becomes familiar, it might be possi-
ble to gradually change the appearance toward a more hu-
man-like appearance, which could also assist the children in
generalizing experiences from interactions with robots to
interactions with people, in line with the analysis presented
by Ferrara and Hill in their studies with different toys for
children with autism [10]. Indications toward this could be
seen in [9] where a case study investigation showed exam-
ples where a child with autism directed his eye-gaze towards
a robot's face which was only a simple featureless mask with
two holes suggesting eyes, clearly attempting to make eye
contact with the robot. This raises some questions regarding
what level of complexity of facial features is sufficient to
trigger a "socially interactive" response in children with
autism. Results from our investigation may inform us about
robotic design suitable for the purpose of education and
therapy of children with autism and help build robots that
incrementally guide the children with autism interacting
with robots towards more complex and human-like behav-
iour (see Fig. 1 below).

IV. METHODOLOGICAL FRAMEWORK

The conceptual and methodological frameworks for the
design of interactive artefacts have taken into consideration
the close relationship between people in their complex social
environments and artefacts: people's actions are intertwined
with the artefacts they use. By acting in the world people
transform their environment and are influenced by these
transformations. Within cognitive science different recent
(or re-discovered) theoretical approaches voice this under-
standing - Situated Action, Activity Theory or Distributed
Cognition (a discussion of the pros and cons of each theory
is
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Fig 1 - Appearance and behaviour of different robots that have been used in
the Aurora project with the ultimate aim to empower children with autism to
deal with the complex nature of human appearance and behaviour (adapted
from[1 1]). Note, the learning trajectory of particular children through this
space cannot be expected to be linear.

beyond the scope of this paper, please see [12, 13]).The in-
fluence ofthese approaches on the methodologies utilized in
the design process of interactive products spans from the
workplace to home or educational contexts e.g. [14-16].

One important issue regarding the design and evaluation
processes of interactive products is the involvement and role
of end users in the design teams and project design loop.
Some approaches consider users in a more reactive fashion
where they are evaluating prototypes or final products. Some
other approaches consider the need to include users as full
members of the design team. Scaife and Rogers [17, 18]
proposed the notion of Informant Design, where the central
point is to acknowledge the need to consider how different
stakeholders with different knowledge/abilities/needs can
inform the design at different stages of the development by
being prompted by different types of mate-
rial/artefacts/prototypes. Following a similar approach, our
studies regarding the design of a robotic toy for children
with autism within the IROMEC project created a frame-
work that includes different phases for the elicitation of re-
quirements and evaluation ofprototypes from possible users.
In our case, users are not only the children that will play with
the toys but also the carers, teachers or parents who might set
up the scenario for play and either be part of the play
scenario involving the child and the robot, or they may
guide/direct the children's interaction with the robot without
necessarily being involved in the play directly.

The user panels we conducted are part ofthe initial design
phase of the project in order to find out about the children's
interest, in the context of a play scenario, their likes and
dislikes, their abilities and needs. Thus, the user panels were
set up to elicit initial requirements and give us some under-
standing of the design space we are facing. Given the nature
of the disorder it was not possible to directly include the
children in the interviews. Instead we turned to the carers,
teachers, parents and expert researchers in order to tap into
the extensive knowledge they possess regarding the daily
interactions and activities of children with autism. The in-

102



volvement of the children will occur in a next stage through
exploratory studies where we will test specific design issues
in the light of conceptual frameworks or theories regarding
autism. Furthermore, involving professional carers in our
initial efforts also enabled us to understand their own likes
and dislikes and the ways they envision the use of robotic
toys in therapy or care.

V. THE PANEL OF EXPERTS

Several panels of experts were set by the project's part-
ners in various European countries (i.e. Spain, Italy, The
Netherlands, Austria, UK). The panels related to different
end-user groups (children with different disabilities; e.g.
physical disabilities, cognitive disabilities, autism). The
panel described in this paper relates specifically to children
with autism.

The UK panel involved professionals from different
schools, as well as parents and family members of children
with autism. The panel consisted of 7 teachers from 3 dif-
ferent schools, 5 therapists (psychotherapist, speech thera-
pist, play therapist, physiotherapist, occupational therapist)
and two parents and family members.
A common methodology was used in all the panels' in-

terviews. This included a short presentation of the project
and the aim of the panel meeting, followed by a power point
presentation that presented the aims and objectives of the
project and gave examples of related previous work. The
presentation was followed by a "story telling" session where
the members of the panel provided insight into the current
play ofthe children and its characteristics, accompanied with
specific examples of the children's play.

The session continued with a "brain storming" discussion
amongst the panel members around pre-set questions that
aimed to find out which of the play activities / functionality
of the robot toys could be of added value for the specific
target end-user, which environment this could best take
place in, and the critical aspects of the children's behaviour
and needs that such a robotic toy could address.

All panel meetings were tape recorded and reports were
compiled addressing the key characteristics of the children's
play and the key points concerning the design of a robotic
toy that might assist the children's play, a summary ofwhich
is presented and discussed below.
We organized five different panel meetings in different

locations. The key points resulting from these meeting are
listed below. Because of the variety of abilities and behav-
iours of the children, a variety of points are made, some are
complementary and some appear contradictory. We have to
remember that both the children and their environments are
very different.

VI. THE PLAY CONTEXT

The following are descriptions of the children's play in
the context of different environments:

A. Bentfleld Primary School - Stansted Mountfitchet, UK

This is a mainstream school with approximately 220

typically developing pupils. The school also has an En-
hanced Provision Unit to cater for nine pupils with various
learning difficulties and physical disabilities. These pupils,
each accompanied by a Learning Support Assistant, pursue
their own unique curriculum and are integrated in the
mainstream classes, according to their age group. They par-
ticipate in any class activity that they are able to.

Play description. according to the teachers, the children
here do not have the desire to play and do not get involved in
anything "playful" other than their own "obsessive" activity
(e.g. playing with running water or moving sand, moving
rice grains, moving cars and trains). They can play interac-
tive games with others if they are told to, but they will need
to be instructed and supported during the game, otherwise
they very quickly return to their "own thing".

B. Middleton School- Ware UK

Middleton school is a special school for children with
moderate learning difficulties, with approximately 92 pupils.
The school also has a small base of special classes for chil-
dren with autism.

Play description: part of the children's routine in this
school is starting the day with free un-directed play time.
Children are encouraged to do physical games (such as
football etc.) outside but also can choose any game indoors.
to the incentive is to give them time to do what they choose
to do - their own time, their chosen space. It also provides an
opportunity for them to engage in their "obsessive" activities
(some always play with sand, other always play with trains,
other always play with spaceships etc). The children expect
it as part of their routine, and they accept when play time is
finished and they happily continue with the next, structured,
activity of the day. They are more manageable and more
focused after that period of play time.

C. St. Elizabeth School- Much Hadam, UK

This is specialist residential school that offers education,
care and health support for up to 80 young people in the 5-19
age range who have epilepsy and associated disabilities
(such as learning difficulties and autism). This includes up to
12 day placements for young people who commute from
home.

Play description: most of the children will not engage on
their own initiative in what we term as "play for pleasure"
unless they are told to. Some might, but for a very short time,
but if they do so it always involves the same game (e.g.
puzzles, jigsaw, etc.).

D. Meeting with Therapists - University ofHertfordshire,
Hatfield, UK

Play description. the children play solitary and interac-
tive games as well as imaginary and role playing games,
however some feel at loss when they appear to want to play
with others but don't know how; they don't have the capa-
bility to hold the pre-knowledge required (e.g. when acting
out a scene from TV programs).
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E. Meeting with parents andfamily members (ofchildren
with Autism) - Roehampton University, London.

Play description. The children like physical games like
chasing, they play solitary games (e.g. intricate arrange-
ments of objects) as well as interactive games. One child
likes to initiate interaction with others where there is a less
rigid structure. When playing together with a shared object
sometimes there seems to be an unspoken negotiation; they
can get to an agreement without speaking. Of course there
are occasions when a child insists on playing alone.

VII. RESULTS

The following summarizes the characteristics of the
children's play as described by the panel of ex-
perts/informants, and what they see as the main aspects to
take into consideration when designing a (robotic) toy that
could assist the play of children with autism.

A. Key characteristics ofthe children 's play:

Type of play:
a collaborative - e.g. re-telling a familiar story, in

turns, with another person.
a rule-play games - e.g. a board game, they initiate

the game and choose a particular person to play
with. However some children don 't necessarily like
board games, or structured rule-games/activities -

because often the rules are breached and emotion-
ally they can get upset when the rules are broken.

a imaginary play and role-play - some children do
play imaginary games and role-play but in a very
repetitive manner. Role-play is usually an enact-
ment of a TV program, some children always have
to be the same character. Also the episode has to
reach the end. Other children when playing
role-play with others, are very rigid about their
ideas and are unable to accept other people's ideas.

a solitary play is usually very repetitive e.g. always
watching the same TV program, printing off the
same pictures from the computer or always playing
with building bricks.

a solitary imaginary play (e.g. with a Cindy doll) -
acting out scenesfrom real life. This could be from
TV scenes or what the child has seen, but also could
be emotions the child herself was/ had been ex-
periencing. It can be a vehicle to express something
she does not yet know how to deal with in real life.
Play is not only about interaction - they could play
solitary games - and use it to work through things
they find difficult in real life. They discover that it
is affecting them or others - they learn causality.

a playing alone but in parallel to others - e.g. playing
individually with a train set or in the sand, but at
the same time being aware of others playing next to
them with similar objects.

a some children are at the level of touch /physical
sensory level - their play has a "mechanical" na-
ture to it. Although others participate in instructed
interactive games, this occurs in very "mechanical"
ways.

Movement:
* the child's own movement- running around etc., or

watching something moving on its own, against the
non-moving environment (e.g. car racing on
tracks). Objects that move around can become the
subject ofjoint attention.

* some children are attracted by movement of objects
and enjoy the anticipation of an event at the end of
the movement (e.g. a rolling ball falling off a table,
a bell, sound of a wind-up clock etc).

a sensory reward - they would not want to participate
in a game unless there is a sensory reward element,
this reward could be sound, light, movement -

preferences are different from child to child.

Imitation:
* some children might respond positively when being

imitated. Imitation can then be developed into a
turn-taking activity. It also might promote taking
initiative, e.g. one child was thrilled when people
copied him. He took the initiative and was excited
by the fact that he was in control - people copied
him and repeated what he did.

* however, some children can get really irritated
when being imitated.

a interactors - they often seem to play better with an
adult than with another child (they don't appear to
take any notice of another child in the vicinity).

B. Key points concerning the design ofa robotic toy:

Familiarity:
* a toy that is unfamiliar can be unsettling- so it

needs to have built-in familiarity (familiar aspects
in looks, sensory output, behaviour etc. ), e.g. if it is
a doll then it needs a familiar set of clothes that can
be taken on and off.

* on the one hand the robot needs to show some
structured behavior so the children know what to
expect, but the behaviour should also evolve con-
tinually, and thus can help to sustain the children's
attention after the novelty wears off.

Choice and control:
a choice - it is VERY important that the child is able

to make choices. The robotic toy should have a
range offeatures that are familiar to the specific
child (e.g. safe objects/pieces of music/colour of
lights) to let the child choose. Some children
prefer a toy that can produce sounds and/or lights
etc, so that children can not only watch it, but are
actively involved in 'making the interaction hap-
pen', exploring the toy etc.

* the robot could be covered by cloth or other mate-
rial in order to provide more sensory experience.

* the robot could be adapted to a particular set (a
living room for example) that provides a context
that also can be explored at home.
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Fig 2 - characteristics of the children's play as described
by the panel of experts are being tested in experimental
investigations.

* control buttons are required - simple controls on the
object itself (as an alternative to remote control) -
pushing the button for example - which results in
the movement /reaction of the toy and it also gives
the child the control over the toy's behaviour.

Complexity and Modularity:
* complexity - it needs to be modular - different

children would want different levels of technology
(e.g. light and sounds) - for some children some-
thing very simple with a very limited level of
technology might feel quite good; while others
would need more complexity to sustain their in-
terest. It needs to be modular and adaptable ac-
cording to each child's particular preference and at
the same time it needs to be adjustable as some
children are more sensitive than others. For exam-
ple some children like music very much - however
a lot of the music on children's toys is not neces-
sarily interesting to the children; it needs to be
modular and adjustable to the specific child - one
child may like Mozart, while another likes chil-
dren's rhymes etc.

* it needs to be interactive, but starting with very
simple interactions and gradually getting more
complex- e.g. like pressing buttons that cause the
robot to move, or change lights or both.

Appearance:
* some children like the tactile quality of fur; others

like the sense of hard plastic
* some children are freaked by big eyes - they will

scratch them; others like to see eyes.
* the robot should not be too human like. However

having "eyes" could be useful for some children
and might encourage interaction (similar to the
eyes, for example, on "Thomas the Tank Engine"
etc). This needs to be a modular feature as for some
children it is painful to look at eyes. Possibly hav-
ing a symbolic/ "mechanical" face (e.g. like a

matchstick person face or a "Smiley" face with dots
and lines).

* the toy should not be in a human form but have
more "machine-like characteristics" e.g., a rigid toy
that produces a sequence of actions.

* appearance - a two dimensional type of an object -
like cartoons - simple, without too many details.

Behaviour:
* "trigger action" - each child has a different "ac-

tion" that stimulates him/her (a "trigger action"). In
order to motivate the child, the robots must have
something similar that will be familiar to the child.
Because each child with autism might have dif-
ferent "trigger actions", the robots need to be
modular enough to offer different "trigger actions"
as appropriate to each child.

* physical manipulation of the object needs to be
encouraged. The child needs to be able to ma-
nipulate it. The robot's behavior needs to depend
on the action of the child. At the same time it is
hoped that the robot will encourage the children to
move and maybe to stretch different body parts.

Environment and context:
* the environment should allow the children to in-

teract and make mistakes and still be supportive. It
is important that they are received sympathetically
even when they don't get it right.

* companionship - such as a partner to play with the
child - responsive to the child's movement, recep-
tive and responsive to the child's actions.

VIII. DISCUSSION OF RESULTS

The user panels clearly highlight the fact that the robotic
toys may be used in different contexts (at home, at different
schools), by diverse children who show strong likes and
dislikes as well as a wide range of abilities and needs.

In summary, there is a need to consider the following
when designing a robotic toy for children with autism:

* the different types of play according to the specific
child's abilities

* the different physical settings that can influence the
type of play and interactions (for example, what
kinds ofmovement are possible in a specific
physical setting?)

* the complex intertwining of appearance and its in-
fluence on the interaction

The results from the user panels present the following
robot design challenges:

* How to accommodate the needs of different chil-
dren in a certain setting (in a particular school)?

* How to accommodate different settings (different
schools, home etc)?

* How to accommodate the progression of the child
according to therapeutic/educational goals?

* How can the carers of the children adjust the ro-
bots' characteristics to the needs they envision?

As stated above, autism has a wide range of manifesta-
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tions where children might display completely different
patterns of behaviour from one to another (a variety inter-
action styles can be seen in Fig 2). The results discussed in
section IV above show that children with autism might have
different or even contradictory needs. The challenge in
providing a high degree of flexibility in an assistive tool to
answer these needs, implies that there is a strong require-
ment for a built-in modularity that could be accessed by the
users, and to their choosing.

Also, an important issue to consider in future work con-
cerns the interface that the robot provides to the children
(interaction modalities etc.), but, equally important, the in-
terface to carers/teachers/parents who may want to change
settings and tune the robot's behaviour.

IX. CONCLUSION

Interaction with the environment in play provides stimuli
that influence and control the behaviour of the child and is
crucial to child development [23]. Here, the interaction
between the child and the environment is based on reciprocal
stimulation that creates transitions of change and modifica-
tion. This leads to refinement in the nature of the child's
behaviour, which also becomes more orderly. This sequence
of actions and reinforcements becomes structured and pre-
dictable, and could enhance the quality of the child's be-
haviour and may affect the speed with which he/she devel-
ops. This dyadic model of interaction with the environment
could be implemented in robotic systems that can be used
with autistic children to provide stimuli and reinforcement in
a controlled manner (a gradual increase in complexity)
helping the child learn basic social behaviour skills.

Being a programmable system, a robot can provide
various stimuli that could promote the child to interact with
it in different ways. The ability to modify the response ofthe
robot according to the way the child interacts, and to repeat
this modified response, can make the cycle of actions and
reinforcement orderly and predictable. Robotic systems
could have both, a built-in modularity to accommodate dif-
ferent needs of different children as well as a built-in capa-
bility to gradually increase the complexity of the interaction
thus providing more complex stimuli that may promote fur-
ther learning (e.g. simple imitation games might become
more complex turn-taking activities).
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