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From child-robot interaction to
child-robot-therapist interaction: A case
study in autism
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Abstract. Troubles in social communication as well as deficits in the cognitive treatment of emotions are supposed to be a
fundamental part of autism. We present a case study based on multimodal interaction between a mobile robot and a child with
autism in spontaneous, free game play. This case study tells us that the robot mediates the interaction between the autistic child
and therapist once the robot-child interaction has been established. In addition, the child uses the robot as a mediator to express
positive emotion playing with the therapist. It is thought that the three-pronged interaction i.e., child-robot-therapist could better
facilitate the transfer of social and emotional abilities to real life settings. Robot therapy has a high potential to improve the
condition of brain activity in autistic children.
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1. Introduction

In typical developing infants, cognitive and emo-
tional attitudes towards objects and people constitute
the ingredients of social relationships. Infantile autism,
which is a neurodevelopmental disorder, is char-
acterised by difficulties in social and interpersonal
communication as well as in processing own and
other people’s emotions [20]. Emotional impairment
is thought to be a consequence of deficits in “the-
ory of mind” i.e., ToM (e.g., [7]). The ToM deficit is
associated with processing of non-verbal sounds [10],
human voices [8], touching [21], eye contact [17] and
facial information [1, 6]. Individuals with autism often
exhibit impaired processing of emotions [14] mani-
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fested in the form of increased stress and anxiety [5,
15]. As a result, children with autism regularly engage
in stereotyped ritualistic behaviours and have difficul-
ties initiating activities to share interests and cooperate
with others. They appear to have a restricted range of
interests; their thinking and behaviour is rigid [21].

As would be expected, a large number of functional
neuroimaging studies have demonstrated that brain
regions involved in the processing of emotions are
implicated in the clinical neuropsychology of autism.
In particular, these studies show that the neural sub-
strate underlying emotional impairment involves the
amydgala [16], the superior temporal sulcus and gyrus
as well as the orbital frontal cortex [12]. In addition,
autistic children also show aberrant brain connectivity
and disruption of white matter tracts between temporal
regions [21] which disrupt acquisition, consolidation
as well as social interaction [1, 2, 26]. Taken together,
the aforementioned studies provide the basis for con-
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cluding that in autism the more impaired cortical
areas are those that are involved in complex cogni-
tive functions such as perception, social interaction and
emotion.

In autism rehabilitation therapy, different
approaches are currently being utilised to better
understand the capacity of autistic children for social
and emotional interaction. These approaches are
based on the belief that artificial environments i.e.,
robots, seem to be more helpful than real environ-
ments in allowing autistic children to express social
interest; this in turn could lead to development of
their social skills [18, 19]. One of these approaches
is to simplify the elements that constitute the inter-
action. In order to study effectively the robot-child
interaction, researchers have used fixed [9, 18, 19,
25, 28, 34] for example or mobile [19, 22–24,
31] robots. Regardless of the child’s mental age,
all these studies have reported dyadic interaction
between the autistic child and the robot. Even though
(because of the pathology) the number of the children
participating in these experiments is limited, the
dyadic child-robot interaction is reflected in attention
[19], imitation cognition [27] visual contact [9],
touching [28], manipulating and posture [19]. In
the aforementioned studies, the focal point of the
analysis was on a single mode of interaction. As
far as we know, only two studies have reported
multimodal interactions in dyadic relationships i.e.,
between the autistic child and a mobile robot in
spontaneous free game play [22–24]. They have
concluded that mobile robots could be best used
as a mediator of social stimuli in order to reduce
the impairment of the autistic child’s skills [24].
A behavioural proposal of robot-child social inter-
action has been expounded upon in our recent
paper using a mathematical model based on Thom’s
catastrophe theory [22]. The present study, which is
a case study, aims to examine the role of our mobile
robot named “GIPY-1” in the context of social and
emotional interaction of the autistic child with a third
person: the therapist. The three-pronged interaction
among the autistic child, the robot and the therapist
will be investigated in spontaneous, free game play
by means of a multimodal approach. As in our
previous papers, the duration time calculation will
be considered. We hypothesise that once child-robot
interaction is established, the child will use the robot
as a mediator to initiate the interaction with the
therapist and express emotion.

2. Method

2.1. Case study

“A” is a right-handed young boy. He exhibits men-
tal retardation as per the international classification
of diseases (ICD, 1990). His chronological age is 8
years old and his developmental age is 2 years old.
The child was diagnosed with autism when he was 3
years old and still displays all characteristics of autism
according to the Diagnostic and Statistical Manual of
Disorders IV-TR (2003). In addition, the Childhood
Autism Rating Scale [33] has shown severe autism
with a score of 43 points. “A” has deficits in recipro-
cal social interactions and communication (speech and
language), stereotyped behaviour and restricted inter-
ests and activities. At the time of the experiment he
was attending special education classes for autism.

The study was approved by the local Ethical Com-
mittee and conforms to the Helsinki convention. The
parents were formally informed and agreed to the par-
ticipation of their child in the study. Anonymity was
guaranteed.

The study was conducted in a day hospital. The
experiment took place in a room familiar to the child.
The therapist who is familiar with the child was present
in the room. A digital camera recorded the whole exper-
iment.

2.2. Material

2.2.1. Room
The room was 4.56 m by 3.34 m. A chair, a small

wardrobe and a table on which the equipment needed
for the framework of the study was placed (laptop and
joystick), were used. In order to reduce the presence
of disruptive elements and so as to avoid autistic bend,
the room was left bare [30].

2.2.2. Robot
A mobile robot, called “GIPY-1”, which is

cylindrical-shaped with a diameter of 20 cm and a
height of 30 cm was used. A representation of a neutral
facial expression constitutes the cladding of the robot:
the round eyes and nose triangle were dyed olive green
and the elliptical mouth was dyed red (Fig. 1). Every-
thing was covered with a transparent plastic sheet. The
simplicity of the robot was driven by the preference of
autistic children for simple and predictable toy design
[29]. An operator manipulated the robot via a wireless
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Fig. 1. GIPY 1.

remote control using a joystick connected to a laptop.
The robot could move forward, backward and turn on
itself at low speed. These movements were constant.

2.2.3. Protocol
The duration of the session was 5 minutes. The robot

was placed on the ground beforehand, in the centre of
the room, its stylised face toward the entrance. The
game play session began as follows: when the child
and the therapist entered the room, the tele-operated
robot carried out three movements (move forward,
move back, 360◦ swivel). As in real social interac-
tion, the child and the robot altered their responses. If
the child approached, the robot moved back and con-
versely. If the child moved away from the robot, i.e.,
ignored the robot, the robot followed the child in order
to attract his attention. If the child remained motion-
less, the robot approached or turned itself around in
order to focus the attention of the child. All movements
were standardised.

2.2.4. Analysis
Two independent judges unfamiliar with the aim

of the study completed the observations of the game
play skills. Both performed the analyses of video
sequences with Elan software. Prior to assessing game
play improvement, inter-judge reliability was assessed
to ensure that both judges who analysed videotapes
were consistent in their analyses. Inter-judge reliability
was assessed using intra-class coefficients to make the
comparison between them. The inter-judge reliability
was good (Cohen’s kappa = 0.63).

The dependant variable was the time of child-robot
interaction and child-robot-therapist. Accordingly, we
calculated the duration time of all the characteristics
of each criterion. This was defined as the duration
between the onset time and the offset time of each
child’s behaviour toward the robot. Five criteria were
defined. These criteria were: 1) eye contact (looking at
the robot), 2) touch (touching the robot without manip-
ulating it), 3) manipulation (operating the robot), 4)
posture (changing corporal position toward the robot)
and 5) positive emotion (display of enjoyment). The
duration of each criterion was calculated in seconds
and was considered independently of the others. Con-
cerning, for example, the characteristic “s/he looks at
the immobile robot” (“eye contact”) the onset time cor-
responded to the time when the child looked at the
robot and the offset time to the moment when the child
looked away from the robot. We calculated the duration
of all the characteristics of each criterion. We summed
up the duration corresponding to each criterion. Only
the total duration is presented in the results section.

3. Results

Table 1 gives the characteristics of each criterion
identified in game play of child-robot interaction and
child-robot-therapist interaction.

A schematic representation of duration time of child-
robot interaction and child-robot-therapist interaction
is given in Fig. 2. The mean time of child-robot inter-
action is 25 sec; the mean time of child-robot-therapist
interaction is 30 sec. In other words, the child spends
half the time playing with the robot and the half the
time playing with the robot and the therapist.

The duration time of child-robot interaction and
child-robot-therapist interaction is presented in Fig. 3.
The duration time of “eye contact” and of “touch” is
similar in both situations. However the duration time
of “manipulation”, of “posture” and of “positive emo-
tion” differ between the two situations. As we can
observe, positive emotion is more easily expressed
when the child interacts with the therapist and the
robot than when the child interacts only with the robot.
This difference, reflective of the changes in autistic
child behaviour with the robot over a period of time
also tells us that a mobile robot could be used as a
mediator for social and emotional interaction. This is
an encouraging conclusion with regard to the potential
of human-to-human interaction.
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Table 1
Characterization for each criterion

Touch Eye contact Manipulating Posture Positive emotion

he puts the left hands on
the robot OR the
therapist

he looks at the immobile
robot OR therapist

he seizes and blocks the
robot with the two
hands

he sits downs in front of
robot

he smiles to the therapist

he puts the right hand on
the robot OR on the
therapist

he watches the robot
turning

he lifts of the robot he bends towards the
robot AND/OR the
therapist

he laughs to the therapist

he touches the robot OR
the therapist with both
hands

he watches the therapist he stops the robot with
both hands

he bends over the robot he expresses friendliness
to the therapist

he watches the robot
going away

he catches the robot
AND/OR the therapist

he squats and bends over
the robot

he expresses tenderness to
the therapist

he watches the robot
approaching

he returns the robot he steps over the robot he looks happy with the
therapist

he tilts the robot around
itself and looks of its
wheel

he looks pleased to the
therapist

he puts back the robot
upright

Fig. 2. Schematic representation of child-robot interaction and child-robot-therapist interaction.

4. Discussion

In this case study, we analysed the ingredients of
child-robot two-pronged interaction and child-robot-
therapist three-pronged interaction. Consistent with
our hypothesis, the child first establishes a relationship
with the robot and then uses the robot as an “instru-
ment” to initiate the interaction with the therapist. At
first glance, our results are compatible with recent find-
ings according to which artificial environments i.e.,
presence of a robot, are more effective than real envi-
ronments in allowing autistic children to express social
interest towards the robot [9, 18, 19, 25, 28, 34]. In
these studies, researchers have used robots for treating
autistic children. However, the relationship between

robot and child has been studied solely based on the
analysis of a single mode of interaction. Furthermore,
the studies have been conducted using fixed robots.
Our results go beyond these findings because we have
demonstrated, as far we know for the first time, that in
spontaneous, free game play, an autistic child uses the
robot to interact with the therapist and to express posi-
tive emotion. As such, on the one hand, we have shown
that the child-robot interaction is based on a cognitive
state and, on the other, that the child uses the robot as a
mediator to express positive emotion playing with the
therapist.

More precisely, in our study, the interaction between
robot and child was analysed using different criteria
such as eye contact (looking at the robot), manipu-
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Fig. 3. Total duration time of child-robot interaction and child-robot-
therapist interaction following each criterion.

lating (operating with the robot), touch (touching the
robot without manipulating it), posture (changing pos-
tural position toward the robot). Consistent with our
previous studies [22–24], we have demonstrated that
visual, haptic, tactile perception and posture, i.e., mul-
timodal perception, are on the basis of the interest the
child displays towards the robot. This is because, in
our approach (as in [32]), perception and cognition are
considered to be a single domain rather than two dis-
tinct entities. The criteria we have chosen are assumed
to represent the state of the child’s cognitive processes,
as expressed by the interest the child exhibits towards
the robot in spontaneous, free game play [24]. As our
case study has shown, once this state is established, the
child develops a triadic relation i.e., with the robot and
the therapist, thereby displaying enjoyment, which is
a positive emotion. The expression of positive emo-
tion could be related to the emergence of a cognitive
state, which is multimodal in our case. This expres-
sion appears when the child interacts with the therapist
using the robot. This is not the case when the child
interacts with the robot only. This is a very important
finding when we consider that the subject of our case
study “A” exhibited a score of 43 which corresponds to
severe autism. Individuals with severe autism exhibit
very limited social skills. They don’t express emotions.
They don’t respond well to behavioural therapy and in
fact tend to show few, if any sign of improvement after
such therapy is undertaken. However, as we showed

in our case study, “A” is in constant interaction with
the robot, expressed by a multimodal cognitive state
which, according to us, allows him to express positive
emotion with the therapist. This is an objective obser-
vation, rendered by two independent judges unfamiliar
with the aim of the study.

Based on the investigation of a single individual
to explore causation, this case study is an instructive
example which provides a systematic way of looking
at events. It lends itself to both testing and generating
hypotheses.

Considering the above, it would be fair to conclude
that autism therapy using robots seems to be effec-
tive, safe and convenient. What is important is the
“passage” from child-robot interaction to child-robot-
therapist interaction. When “A” interacts with both the
robot and the therapist, he changes his behaviour. What
causes this behavioural modification? We think that the
robot as a mediator could bring about neuropsycholog-
ical improvements to the autistic child. As the results
have shown, the extent of that improvement seems
to be smaller when the child interacts with the robot
than when he interacts with the therapist. We believe
that the child’s reactions to the robot are very impor-
tant in establishing child interest and are of paramount
importance in robot therapy. In fact, this child-robot
interaction could be thought of as the building block
from which the relationship among humans may be
developed. Consistent with this interpretation may be
the fact that positive emotion is expressed only when
the child interacts with the therapist via the robot. Pos-
itive emotion is quasi-absent when the child interacts
with the mobile robot on a standalone basis. As such,
this study is to our knowledge, one of the first to show
that in spontaneous free game play the robot is a tool,
which can help autistic children engage in social and
emotional interaction with adults. It seems thus rea-
sonable to infer that the three-pronged interaction i.e.,
child-robot-therapist could better facilitate the transfer
of social and emotional abilities to real life.

It is fundamental to think of the robot as a system
and consider its usage and design specifically for ther-
apeutic purposes. Clearly the need to investigate the
neuropsychological effects on an autistic child before
and after the robot therapy session by evaluating the
child’s neuronal activities is necessary. The current
study, which is a case study, allows us to assume that
robot therapy might have a high potential for improv-
ing the brain activity of child with autism. A new
study to investigate this effect more precisely must be
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performed in the future. Further experiments are
needed to investigate the repeatability and durability
of the effects and the relationship between the func-
tions of the robots and their effects on autistic children
as well as with regard to the interaction between the
child and the therapist.

The child-robot-therapist interaction is a growing
and challenging area, which requires interdisciplinary
collaboration among robotic scientists, computer sci-
entists, engineers, and neuropsychologists. We need to
build new theories, computational models and method-
ologies in order to replicate and confirm the scientific
findings.
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