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Abstract

Background: Social robots may represent an important technological instrument for improving the social abilities of children
with autism spectrum disorders (ASD).
Objectives: This work describes exploratory research in which a doctor game scenario, involving a social robot and a human partner,
was implemented and tested with children with ASD.
Patients andMethods: Thirty children between the ages of four and eight who had been diagnosed with ASD were included in this
study. The children alternated between playing a doctor game with the social robot Probo and playing the same game with a human
partner, and were exposed to each condition only once in a counter-balanced order. The symbolic play task and the experimental
setup were designed to test whether the children would engage in more collaborative behaviors while playing the doctor game with
a social robot than performing the same activities with the human partner.
Results: Although the children with ASD were more interested in and entertained by the robotic partner, the children did not have
better performance in the game, and did not show significantly more collaborative play and engagement while playing with the
social robot, compared with the human partner.
Conclusions: A longer and more thorough study is needed to interpret these findings and better understand the ASD child-robot
interaction. This paper concludes with a discussion of the related literature and proposals for future research directions.
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1. Background

Delays or abnormal functioning in symbolic play are
among the most prominent characteristics of children on
the autism spectrum. Previous studies have found that
children with autism engage in spontaneous pretend play
less frequently than other children, and with behaviors
that are repetitive, stereotypic, and with less novelty and
variety (1, 2). It is well established that play experiences are
significant for child development, socialization, and cul-
tural participation (3). However, developmental and socio-
cultural factors place children with ASD at risk for being ex-
cluded from these essential experiences (4).

Research has shown that children with ASD may learn
to engage in higher levels of play, such as symbolic play.
Lewis and Boucher (5) found that symbolic play can be
elicited both verbally and through modelling, despite the
fact that a lack of social motivation in children with ASD
makes those social and play skills some of the most chal-
lenging skills to teach (6). Although it is often claimed

that this social motivation is impaired in autism, (7) sev-
eral studies have hypothesized that children with ASD can
successfully engage in social interactions if social informa-
tion is presented in an attractive manner, that is, in a man-
ner that is easily understood and clearly identifies the ex-
pected behaviors (8).

A growing number of studies focus on using social
robots as motivational tools for autism interventions. Al-
though there are not enough rigorous data to support a
positive therapeutic effect of social robots for autism inter-
ventions, observations commonly made in studies in this
field are: (1) children with ASD enjoy the interaction with
the robot and are motivated to engage in the tasks when
assisted by the robot; (2) few children manifest anxious
behaviors related to the robot or need time to habituate
to it, even if they are, in general, sensitive to novel stim-
uli exposure; (3) the robot is able to trigger desirable so-
cial behaviors for the majority of the children with autism,
and for some of them, the robot elicits behaviors that they
normally do not manifest or manifest less frequently in
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human-human interactions, such as joint-attention or pos-
itive affect behaviors; and (4) there are consistent data
showing increased levels of attention, such as more eye-
contact behaviors, with a robot compared with a human
partner during interactions (9-13).

In the past few years there have been multiple exam-
ples of studies using robots to involve children with ASD
in play activities, for either therapeutic or educational pur-
poses (14-16). These have shown that children with ASD
seem to be very engaged and motivated in games in which
the playmate is a social robot, and that social robots can
stimulate dyadic play, imitative play, and turn-taking skills
in children with ASD (17-19). Clear scenarios that describe
the best way to integrate robots into play sessions have not
yet been developed. In general, the robot-assisted tasks de-
scribed in the literature consist of free interactions, and
during those interactions, children are allowed to explore
the robot and its capabilities. Few of the existing studies
chose a standardized interactive scenario in which each in-
teraction partner (child, robot, and therapist) had a spe-
cific role described in a pre-established protocol (10, 20).

2. Objectives

The aim of this study was to explore how children with
ASD manifest their play skills in a pre-established scenario
for a doctor game (Figure 1). Our purpose was to test
whether there are significant behavioral changes in chil-
dren with ASD between interactions with a robot and inter-
actions with a human. Specifically, we tested whether the
presence of a social robot influences the performance and
engagement in play of children with ASD, and whether a
robot can increase the social interaction between the child
and his interactional partner during a play task. This study
will measure the play behaviors of children with ASD and
will investigate the effects that the child-robot interaction
has on the children with ASD behaviors (i.e. how social be-
haviors modify during the interaction).

We tested the following hypotheses: 1) children with
ASD will perform better in the “playing doctor” task when
interacting with a robot than when interacting with an
adult. The assumption behind this hypothesis is that chil-
dren with ASD find the robot more motivating, and will
therefore be more attentive to the task; 2) Children with
ASD will display more collaborative play and less indepen-
dent play in interaction with the robot than with an adult.
In the interaction with the robot, the child will engage
more in the same activity, will share more, and will better
fulfill the needs of the robot than in the interaction with
an adult; 3) Children with ASD will be more engaged in the
task when interacting with the robot than with an adult.

Before the experiments took place in Flanders, a pilot study
in Romania was developed (21).

3. Patients andMethods

3.1. Participants

Thirty-five children with ASD were recruited from three
Belgian schools for children with special needs. In order to
be included in the study, the participants met the follow-
ing criteria: 1) a diagnosis of ASD according to the criteria
outlined in the Diagnostic and statistical manual of men-
tal disorders IV (22); 2) age between 5 and 8 years (Table 1); 3)
IQ≥ 70; 4) the ability to use language for communication,
that is, the ability to create three-word sentences, at a mini-
mum; 5) no diagnoses for other disabilities aside from ASD;
and 6) parental informed consent was required for each of
the participants before the study took place. IQ scores were
assessed with the Wechsler Preschool and Primary Scale of
Intelligence-III (WPPSI-III-NL, (23), N = 23), and the Snijders-
Oomen non-verbal intelligence test revised version (SON-R
21/2-7, (24), N = 7). The mean IQ score was 91.23 (min = 70 and
max = 119). No drugs were provided to the participants. All
parents had the right to stop their children’s participation
at any time during the experiment. Out of 35 participants,
30 (27 boys and 3 girls) fit the inclusion criteria and per-
formed both of the experimental conditions. The required
number of the participants was determined using the pro-
gram G*Power. A medium effect size of d = 0.5 was estab-
lished, and fixed values used for statistical power (0.8) and
the level of significance (α= 0.05), which are values widely-
accepted by the scientific community.

3.2. Setting

The study took place in the three selected schools, in
rooms at least 20 m2 in area. The room used in each school
was divided by a partition. One half was used as the con-
trol room, where the operator controlled the robot using
a set of buttons on the PC screen, in a wizard of Oz (WoZ)
setup. A WoZ setup implies the presence of a person who re-
motely operates the robot, which can act anywhere along
the autonomy spectrum, from fully autonomous to fully
tele-operated, as well as with mixed-initiative interaction
(25). The operator took care of the higher-level decisions,
controlled the gaze, and made Probo show different emo-
tions. The operator was able to see into the therapy room
through a video camera inside the robot’s head, which pro-
vided a general view of the setting. The other half of the
room included the interaction partner (the adult or the
robot) with the participant, always accompanied by the ex-
perimenter. Two pillows were placed in front of the robot,
one pillow for the experimenter and one for the child. The
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Figure 1. Child With ASD Playing a Doctor Game With the Social Robot Probo

Table 1. Age of the 30 Children Included in the Study

N Minimum Maximum Mean± SD

Age 30 5 8 6.67 ± 0.92

boxes with all the objects needed for activities were placed
between the interaction partner and the child. Two digital
cameras were used to record the interaction; a frontal cam-
era recorded the child’s upper torso and face, and a lateral
one captured the child, the interaction partner, and the ex-
perimenter (Figure 2).

3.3. Experimental Design

A repeated measurements design was used in order to
compare how children in the same group interacted with
the two interaction partners and to determine whether
children behave differently from one interaction to an-
other. Each of the 30 participants was therefore exposed
randomly to two conditions: the adult condition (AC),
where the interaction partner was a human agent, and the
robot condition (RC), in which they interacted with the so-
cial robot Probo. The interval between tests under the two
conditions was between seven and ten days for each par-
ticipant in the study. Sixteen of the children started with

the robot condition, and the other 14 started with the adult
condition. The same experimental task was established for
both of the conditions, and the two interaction partners
were trained to manifest the same verbal and non-verbal
behaviors. The only difference between the two conditions
was the type of agent, that is, the adult or the social robot
Probo. A program created by the engineer of the team cre-
ated a simple randomization sequence such that 16 chil-
dren started with the robot condition and ended with the
adult condition, while the other 14 started with the adult
condition and ended with the robot condition.

3.4. Instruments

The social robot Probo was used in this study. To avoid
expectations in behavior, the appearance of Probo does not
resemble an existing human or animal, but an imaginary
entity (Figure 3) (26). Probo’s purpose is to serve as a mul-
tidisciplinary research platform for human-robot interac-
tion and development of robot-assisted therapies focused
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Figure 2. Screenshot From Each of the Two Conditions of the Study Showing Child, Experimenter, and Interaction Partner

A, robot; B, an adult partner.

on children. The robot is designed to act as a social inter-
face by employing human-like social cues and communi-
cation modalities. With 20 motors in the head, the robot
is able to direct its gaze (eyes and head), is able to express
emotions, animations, and facial expressions, and is capa-
ble of verbal communication (27). A lip-synch module al-
lows the lips to move according to the voice (26).

To guarantee safe physical interactions between the
robot and the child, and to provide a soft touch and hug-
gability, the robot uses compliant actuation systems and
a structure layered with foam and fabric. A user-friendly
robot control center enables the operator to control the
robot in an intuitive way in a WoZ setting. To facilitate a
more fluent interaction and rigorous scenario execution,
specific buttons for each animation were created accord-
ing to the order needed for the scenario (Figure 4).

3.5. Procedure

Each of the 30 participants was exposed to both of
the conditions; 16 children started with the robot condi-
tion and ended with the adult condition, and the other 14
started with the adult condition and ended with the robot
condition. The experimenter conducted the task, follow-
ing a pre-established scenario. The experimental task in-
volved a single exposure for a maximum 15 minutes per
child, with two demos and six trials. In the play task, a
set of four objects (one neutral and three from the doctor
set) were placed before the child, and the robot and the ex-
perimenter guided the game based on a standard proto-
col (accessible by writing to the first author). The robot or
the adult was programmed or trained to tell the child his
needs, and the child was asked to fulfill them by playing

with the objects. The child was instructed to use the ob-
jects in the play task according to the needs of the robot
or adult. After the interaction partner stated his needs, the
child received a box with four objects, from which he/she
was to choose the object that matched the need of the adult
or robot. Table 2 gives a list of the objects in the play task.

Table 2. List of Objects Used in the Experimental Task

Neutral Objects in the Box Doctor Set Object to be Used by
the Child

Shampoo, pills, platewith spoon,
pliers

pills

Spoon, toothpaste, stethoscope,
napkin

napkin

Plate, hammer, thermometer,
light

thermometer

Pliers, fork, syrup, bandages syrup

Knife, screwdriver, stethoscope,
thermometer

stethoscope

Spoon, brush, syringe, tissue syringe

Toothbrush, cup, thermometer,
bandages

bandages

Tomato, pills, cup cup

3.6. Response Measurements

We measured the performance of play, engagement in
play, and the play style (collaborative vs. independent). The
following list gives a detailed description of the measured
variables:
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Figure 3. The Happy and Sad Emotions of the Social Robot

A and B, with cover; C and D, without cover.

Figure 4. Robot Control Center (RCC) is Used to Control Probo in an Intuitive and Scenario-Specific Way

A, expressed emotion depicted in the 2dof emotion circumplex model of affect defined by Russell (Russell, 1980); B, the virtual 3D model of Probo used to visualize the motion
behavior; C, video image and mosaic image constructed to obtain a full area view, covering the full visual range of the robot; D, the required buttons and their ordering, needed
for following the requested protocol.

1) Play performance measured in frequency. More
specifically, play performance was described by in how
many opportunities of the play task, and whether the par-
ticipant was playing appropriately or not, that is, using the
correct objects in the play task.

2) Play style measured in duration (for example, how
long the child used independent play) and in frequency
(for example, how many actions were performed by the
child with the object independently). Play style refers to

the degree of independence and collaboration in play. In-
dependent play was defined as play in which the child
played alone and pursued activities independent of what
the interactional partner was saying or doing. During col-
laborative play, the child played together with the inter-
actional partner and directed his/her actions in response
to the partner. The child and partner were engaged in the
same activity, shared objects, and acted in order to fulfill
the other’s needs. To detect which play styles a child used,
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the duration and frequency of independent or collabora-
tive actions were measured.

3) Engagement in play measured with the following
variables:

3.1) Eye-contact behaviors, measured by their fre-
quency and direction (to the interactional partner or to the
experimenter). Eye contact was defined as looking at the
face (or the upper region) of the experimenter or interac-
tional partner, for example, when the child looked in the
eye region of the interactional partner.

3.2) Social behaviors, measured with the following vari-
ables:

3.2.1) Escapes from the task, measured by their fre-
quency. Escaping from the task was defined as every behav-
ior of the child that indicated the child was not interested
in the task, for example, when the child stood up and went
to another place in the room.

3.2.2) Non-responses, measured by their frequency. A
non-response was defined as a lack of response, either ver-
bal or non-verbal, to a question or statement made by the
experimenter, adult, or Probo (according to the protocol),
within three seconds.

3.2.3) Positive affect measured in frequency. Positive af-
fect was defined as smiling or laughing during the play
task.

3.3) The verbal behaviors contingency, measured in fre-
quency and direction to the interactional partner. This
verbal utterance was defined as a verbal production that
either expressed a complete proposition (subject + pred-
icate) or was followed by more than 2 seconds of silence.
The words that the child said during the play activity
should be contingent in content with what the interac-
tional partner (robot or adult) was saying (for example, in
the doctor play, the child expressed that he will take the
temperature) and also contingent in time (for example, the
child had to express the verbal utterance within a maxi-
mum of 3 seconds after the last verbal behavior of the in-
teractional partner).

All variables were manually coded with the program
Elan-Linguistic Annotator, version 4.5.0. (27). This pro-
gram offers the possibility to code not only the presence
of the behavior (in this study, eye-contact and other be-
haviors), but also the exact time when the behavior oc-
curred in the interaction. Using this data, it was possible
for the first author to control and check the coding work
of the two coders. Variables were only assessed during
the task and not during the introduction or demonstra-
tion phases. The frontally-recorded films, capturing the
face and upper torso of the child, were used for the cod-
ing process. Two master’s students independently coded
the recordings of the two conditions. The coders were
blind to the experimental conditions. They were trained

by the first author in data collection procedure. The train-
ing consisted in giving clear definitions of the dependent
variables, in offering examples and non-examples for each
category of behavior, and in observing appropriate behav-
ior of normally-developing peers. Training continued un-
til the inter-observer agreement reached 80% on two suc-
cessive observations. An inter-observer agreement was cal-
culated for 60% of the recordings, with a Cohen’s kappa >
0.74 for each of the variables.

4. Results

All data were analyzed using SPSS version 20. Firstly, a
Mann-Whitney U test was used to investigate whether or
not the order of the two conditions (robot interaction and
adult interaction) had an impact on child performance.
As described above, 16 children started with Probo interac-
tion (Robot-Adult group) and 14 started with the adult con-
dition (Adult-Robot group). Results showed no order ef-
fect for the majority of the variables, meaning that perfor-
mance did not vary as a function of the order of the exper-
imental conditions. A significant difference was observed
for the solitary play with the robot (U = 64.50, z = -2.597, P
< 0.05) with a medium effect size r = -0.47, in favor of the
Adult-Robot group.

The Wilcoxon signed-rank test was used to analyze the
differences between the children’s performance in the two
conditions, adult (AC) and robot (RC). No significant dif-
ferences were observed between the two conditions of the
study for any of the variables (Table 3).

The Wilcoxon signed-rank test was also performed sep-
arately for the solitary play scenario (for which the order of
the conditions proved to have an effect), in order to detect
whether or not there was a significant difference between
the adult and robot conditions in each of the two groups
(Adult-Robot and Robot-Adult). No significant difference
was found for solitary play between the two conditions of
each of the groups (Table 4).

5. Discussion

Results showed that none of the hypotheses of this re-
search could be confirmed. Our first hypothesis was that
children will have better performance in a “playing doctor”
task when interacting with the robot than with an adult.
The fact that most of the children performed well in both
of the conditions could be a possible explanation for not
finding a significant difference in performances between
conditions. Also, the mental age of the participants meant
that for some of the children, the task was not challenging
enough.
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Table 3. The Wilcoxon Signed-Ranks Test Values for Each of the Study Variables Between the Two Conditions

PP PS-C EC-E EC-P VU PA NR ET

Z -0.35 -0.70 -1.58 -0.27 -0.31 -0.01 -1.00 -0.81

RC

Mean ± SD 4.87 ± 1.77 5.47 ± 2.05 13.40 ± 9.56 38.17 ± 34.44 17.73 ± 17.84 6.00 ± 7.29 0.00 ± 0.00 0.07 ± 0.25

Mdn 6.00 5.21 11.50 22.50 12.00 3.50 0.00 0.00

Min .00 3.38 .00 5.00 0.00 0.00 0.00 0.00

Max 6.00 12.35 33.00 137.00 82.00 25.00 0.00 1.00

AC

Mean ± SD 5.00 ± 1.78 5.39 ± 2.16 10.10 ± 8.41 33.27 ± 19.06 17.40 ± 14.26 6.07 ± 6.16 0.03 ± 0.18 0.13 ± 0.43

Mdn 6.00 4.79 8.50 24.50 13.50 4.00 0.00 0.00

Min 0.00 3.45 0.00 5.00 0.00 0.00 0.00 0.00

Max 6.00 14.00 32.00 81.00 47.00 21.00 1.00 2.00

Abbreviations: AC, adult condition; EC-E, eye contact with the experimenter; EC-P, eye contact with the partner; ET, escaping from the task; NR, non-responses; PA, positive
affect; PP, play performance measured in frequency; PS-C: play style-collaborative style measured in duration; and measured by their frequency; RC, robot condition.

The second hypothesis, which predicted that children
with ASD will display more collaborative play and less in-
dependent play in interaction with the robot than with
an adult, also could not be confirmed. However, the fact
that the robot triggered a similar frequency of indepen-
dent and collaborative play behaviors with an adult inter-
action partner again suggests that children with ASD ex-
perience no difficulties in understanding the behaviors of
the robot Probo and engaging in a robot-assisted task. This
suggests that research should continue to explore the po-
tential value of robot-assisted therapy for autism.

There was also no confirmation of the third hypothe-
sis, which predicted that children with ASD will be more
engaged in the task when interacting with the robot than
with an adult. This result is inconsistent with the outcomes
of previous studies that suggest that children with ASD are
more interested and better engaged in tasks when assisted
by robots.

There are some differences between the outcomes
of this study and those of previous studies, which have
shown, for example, that children with ASD have more ver-
bal utterances in the presence of the robot, (9) or mani-
fested eye gaze and smile/laughter behaviors in interaction
with a robot more frequently than in interaction with a
human partner (20). These differences can be explained
by several facts: 1) The positive outcomes were mostly ob-
tained from engineer-driven work, and when the studies
were conducted by psychologists, in a more controlled
manner, the same positive outcomes were not statistically
significant; 2) The robot Probo presents technological lim-
itations on its ability to trigger some of the behaviors

assessed in this study; 3) The characteristics of the chil-
dren with autism in the present study were different than
the subjects of previous work that showed statistically-
significant results. Another possible explanation for our
results is the small sample size. Although to the best of our
knowledge, our sample size was significantly larger than
that in previous studies, it may still have been too small to
reveal small effects.

There were also some methodological issues in our
study that should be noted. For example, one of the limi-
tations in this study was the single exposure of the partici-
pants in the two conditions. Therefore, in future longitudi-
nal studies, it could be interesting to explore in more depth
the differences obtained between the two conditions after
several exposures.

The technical constraints imposed by the robot also
represent an important limitation of the present study.
The WoZ setup used in this study is not efficient, and re-
quires an additional human operator dedicated to control-
ling the robot. However, future work will focus on going
beyond WoZ setups and towards robots that can operate
somewhat autonomously (while of course remaining un-
der the supervision of the therapist using a remote), so that
an operator is no longer required. Moreover, at present the
robot used is only capable of showing facial expressions
and moving its head, eyes, ears, neck, and mouth. Differ-
ent results may be obtained when its communication ex-
pressivity is also supported by gestures, such as the ability
to move its arms and body). More social behaviors could
also be elicited if the robot was capable of reacting to so-
cial advances made by the children with gestures, such as
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Table 4. The Wilcoxon Values for the Solitary Play Variable, for Both of the Two
Groups (Robot-Adult and Adult-Robot)

N Z

Robot-Adult 16 -1.00

RC

Mean ± SD 003 ± 0.14

Mdn 0.00

Min 0.00

Max 0.06

AC

Mean ± SD 0.06 ± 0.24

Mdn 0.00

Min 0.00

Max 1.00

Adult-Robot 14 -0.44

RC

Mean ± SD 0.33 ± 0.62

Mdn 0.00

Min 0.00

Max 2.06

AC

Mean ± SD 0.49 ± 1.16

Mdn 0.00

Min 0.00

Max 4.19

Abbreviations: AC, adult condition; RC, robot condition.

pointing gestures.
In future research it could be interesting to examine

over the long term the behaviors of children with ASD in in-
teraction with a social robot. However, some first insights
about how a specific category of the ASD spectrum (see the
inclusion criteria of the participants) perceive and inter-
act with the robot Probo are provided by the present study.
Our observations will be useful to robot designers and for a
multidisciplinary-team approach to this field, both for ac-
celerating research outcomes and for overcoming the dif-
ficulties in communication experienced in this type of col-
laborative research.
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