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ABSTRACT: In this study, our objective (as one of the pioneers in Iran) is to explore the clinical
application of interactive humanoid robots as medical assistants in the treatment and education of children
with autism in order to improve their social and cognitive skills. To reach this goal, we have designed
and implemented a set of therapeutic games with the following topics: a) Investigation of social robots’
acceptability and effect on improving the fine/gross movement imitation of Iranian children with autism,
b) Exploring the effect of a robot-assisted music-education program on children with autism spectrum
disorders’ socio-cognitive skills improvement (as an individual clinical intervention program), and c)
The impact of humanoid robots on improving the social and cognitive skills of high-functioning autistic
children (as a group clinical intervention program). The results indicated that our robots were accepted
by 70 percent of the participants as a communication tool from the first interaction. We also observed
improvement in joint attention and fine movement imitation skills of both the high-functioning and
low-functioning subjects. It was concluded that the high-functioning children’s social skills improved
due to the robot-assisted group therapy sessions, while the stereotyped behaviors of the low-functioning
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subjects decreased during the course of this program.

1- Introduction

Since 2000, it has been widely shown that using social robots
in autism treatment can significantly increase the impact of
intervention sessions for children with Autism Spectrum
Disorders (ASD) [1, 2]. In these type of studies, the impact
of the robot-assisted scenarios on participants’ performance
as well as their behavioral skills is observed and assessed
over time using different qualitative/quantitative tools (such
as questionnaires, video coding, automatic assessments using
machine learning algorithms, etc.) [2-5]. Improvement in
joint attention, imitation, social-cognitive and communication
skills of the subjects during (even a short number of) robot-
assisted interventions are the most frequent findings of
previous researches [2-4, 6].

In this paper, our main goal is to explore the clinical application
of social robots as interactive assistants in the education/
treatment of children with autism. Using and implementing a set
of robot-assisted therapeutic games/scenarios, we would like to
affect/improve the participants’ social and cognitive skills.

2- Methodology

2- 1- Humanoid robots

The humanoid robots used in this research are the NAO H-21
and the Alice robot made by the Aldebaran Company and
Robokind Hanson Company, respectively. The capabilities

of these robots make them commonly used robots for autism
*Corresponding author’s email: artaheri@sharif.edu

research. To be used in the Iranian context, these robots were
renamed “Nima” and “Mina”, respectively.

2- 2- Participants

Three children with high-functioning and one child with
low-functioning autism enrolled in the robot-assisted music-
education program, and three pairs of autistic males (including
a pair of twins, two siblings, and two classmates) participated
in our group clinical intervention study.

2- 3- Experimental Setup

Our case studies were conducted in the Social & Cognitive
Robotics Lab at the Sharif University of Technology with
the autistic participants in the presence of a human therapist,
social robots, and a robot operator. The time duration of
each intervention session was about 30 minutes. The room
contained observation and examination areas. Additionally,
two computers, a video projector, and one/two Microsoft
Kinect sensor(s) were also used in the intervention room. The
Wizard of Oz style robot control (without having a control
group) was selected for our study. Child-Robot interactions
were preset and structured.

2- 4- Assessment Tools
In this study, the Gilliam Autism Rating Scale (GARS) and
Autism Social Skills Profile (ASSP) questionnaires were
used at different times.
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3- Results and Discussion

In the music-education study, the GARS questionnaire was
filled in by the participants’ parents four separate times
(Fig. 1). It should be mentioned that higher subscales/
total scores indicate a higher autism severity. A decreasing
trend in the autism severity of the subjects from pre-test to
post-test was observed. The decreasing amount in autism
severity, however, seemed to be different and was much
higher for the high-functioning children than that for the
low-functioning participant. A detailed subscales’ assessment
of the questionnaires indicated some improvement in the
stereotypical behaviors, communication, and social interaction
subscales for two of the participants from pre-test to post-test.
One subject progressed somewhat in stereotypical behaviors
and communication subscales, while the fourth one showed
some improvement in communication and social interaction.
An interesting point of the results of this questionnaire, which
may not have happened accidentally, is the observation of
progress for all four children in the subscale communication
(in their real life). This observation is in line with the
therapists’ reports of the communication toward the robot/
instruments. Considering the high-functioning subjects in a
group, the calculated effect size of the overall scores of the
GARS as well as communication and stereotypical behaviors
subscales, are large or close to being large (~0.8), which
could show that the interventions had a promising effect on
the participants’ socio-cognitive skills and, as a result, their
autism severity.
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Fig. 1. GARS scores (autism severity) of the participants in the
Baseline-Test, Pre-Test, Post-Test, and Follow-up Test in the
robot-assisted music-education program.

Moreover, a comparison of the overall scores between the
Post-test and Follow-up Test shows the retention of the
sessions’ impact on each of our subjects.

In the group interventions program, the GARS questionnaire
was filled in by the subjects’ parents one week before and one
week after the clinical sessions. The autism severity of the
participants is shown in Fig. 2. Similar to the music-education
program’s results, a decreasing trend in the autism severity of
the participants from Pre-Test to Post-Test was reported for
all six participants. The amount of decrease in GARS scores,
however, seemed to be different; and was much more for the
Siblings group than the other two groups. According to Fig. 2,
both siblings showed improvement in stereotyped behaviors,
communication, and social interaction subscales of the
questionnaire during the course of the program. An interesting
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point of the autism severity questionnaire is the observation of
progress for all subjects in the communication subscale. This
observation is in line with the video coders’ reports of the
participants’ communication. The clinical sessions seemed to
have a promising effect on the participants’ social/cognitive
skills. It is a signal that the presence of the Nima and Mina
robots, as attractive communication tools, as well as being
involved in group games could be possible ways to affect the
communication skills of the children with ASD. The protocol
of this program included many imitation/joint attention tasks;
and it has been shown that improvement in imitation and joint
attention skills can significantly affect social/communication
skills of children with ASD [2-4, 7, 8].
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Fig. 2. GARS’ overall scores (autism severity) of all six
participants in the Pre-Test and Post-Test in the group
interventions program.

4- Conclusions

Thanks to our designed scenario, we were able to provide
a platform that enabled us to simultaneously influence
the diverse social, cognitive, and emotional behaviors of
individuals with autism. As an overall finding of the current
research, based on the GARS questionnaire, the autism
severity decreased for all participants. It is indicated that the
robot-assisted programs could positively affect the social
and cognitive skills of the subjects; however, in general, the
effects of the intervention sessions on subjects’ behaviors
seem to be different for children from different points on the
autism spectrum; even our high-functioning subjects showed
different potential behavioral improvement. This may be
due to the combinatorial nature of the developed scenarios/
games affecting various skills of the children. It should be
noted that because of the small number of participants in such
case studies, there are no strong claims on generalizing the
findings to other children with ASD.
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Fig. 1. An overview of the research structure including: design intervention scenrios, robots’ acceptability, and invetsig-
tion of the robot-assisted intervention sessions on social and cognitive skills of children with autism
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Fig. 3. Mina and a participant with ASD during the
robot—child mode of the structured phase.
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Table 2. Analysis of Variance for imitation scores of the eleven collaborating children considering two factors (i.e.
Imitation Mode and Action Number)
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Interaction Plot for the Mean of Imitation Scores
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Fig. 4. Interaction plot for the mean imitation scores of
the subjects with ASD (out of 4) in the robot—child and
‘human mediator-child modes for each action
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Fig. 5. Scatter plot for the automatic versus manual as-
sessment for a participant with high-functioning autism
in the robot—child mode
(Sl syl i 5o ol Jolae Slyai 5 5055 25 (i
ol cpl aS 0l Lol YU (g bolins haus b < AQY  Sian laie
oy o 355 il w50 J5id 8 S 3 SLos ) s
Ol 4l (258 1) el oads &l (Sl e Comdg ))
Slal DB > ol 5l g 009 Jloy93p (oo (6 900 ]
Sl s g 093 SDlyed Jlagei O B (ailes 5 5l0095
o5 & 90 4 Loyl slaosls a5 YL o Sles oS eS 5 ¥
58 gl Jlae Gl Slheo polie s oo Hlis wad ol
S5 oyl i 5 (el syl Dlpad o S 3llne
Videz o lagil 51 e 50 et slbas a3 ls Glgie 4
Gl § deS g oo 0ddlive a5 ghailan .Cwl oals )58
o aS ol IV g VY Ll el Cawds glas a3l
aS conl S84 p3Y losls &, G o )leds (556 9 90 0 Ly (550 50

Aok aily ez U jao e g loke Wlg go jsSde Ll
Ol opes iz YV 5l 0,00 YA 40 aS quoges cdnlice L
Olee Sglas 3llas 103 (o950 (slrosls ws 0 A) L..»).a.:) 0ds oold
Yo Glp omomer sl 0y V5l S JS0g5 g giws Ol s
Sade (09> g0 sl 5l ao,0 FY/D) 0,05 cax VY 5l Cas
03 095 obj)l peew Olyed 51 5YL gludl JlAS0S ol s
20 yoi yelaie 4y luliislyy oS coul fplasgr LB qaSS .l
5 s Glac Lo 4 azgi b g wloays (ojgel (5,8 Gobie )
aS Jlo 10 (S co (B30 s A i jgo 4 395 (5lAd 1> Blgu
3B sl p (e 95 (o)l e 53 (230505 9 Slos

Sa9lk & Y0 pS (o0 Djge Wingn Sjpe 4 2Led))l g 03n

YYYY

oy by Camiz (o il ol g5 el 4 M 5058

ileats aid )5 ki o byl cpl je Jiee Jalse Glgie 4 Jhge

B0 8 5 sulis 5 Shae 255 s, 01 Y
FCSES g Gl eolatul b reghy 5l i ol e
5 (9 opy S Begtglabid plelid ez (soi)sN)
oyl gilwosly Lol sal> e an cnl ouls eolatul
3oz SlaShy gl O 5l as ke oz o oLl
Sesls SBb santd 5 Syslaer (V E80S jguitn bavly G5k
“i B Gy Sl st el (7 g« SasS (b plubisdly
LU oy alols garubs it S5 ) onlinal b e
optz Sl pansis jslaie 4 o VY Coleg ;0 9 abB VY )90
«ygo Sl e Sy (sl Jitums gz Ngd oo glFl )8
L o3gd (oo el 03 (s Sl )3 pdolae jlade (S 5o
dasin bl 5l eSS glaosls leols STl g2 pas 4y ax g3
Olaie &) SagS wlizily, (golass 3 oldl & jan 5l Lo i e
o sy s o Sy 5o b 0 Atulg (S5l mno a2 5o
o 5 e ailed 2l e Sjge | Gl IS Sl plas
(ool S5 A) 0,0 i 3,90 ol 5l (alaii) aiges ¥ -
ooy b gonlis SIS > ol S5 b loliiily, b
0,5 bl o] slaosls slie y ganadys b el gl 5l
@3B s> oysS Sissel jslite & polie Gul I e
solitul lus! oz Sbws OVl askis cq> [YY 5 W]
Candg ;0 (5048 S o w5 cuaS |Sog3 obj)l cux o
cosllas sla Fins 5 oSS slrosls gl 5l e «Soss-ly,
o b 4 bgrye 3l az 0 dYV] s eas @l 0,631 sillae
G § 0 dwloes (V U+ 03L jo (go0e) 4, U 4y oS >
Forojl ar has Bl I ey S5 50 4 bgye 0o 50 ]
G4z bad ony S p S3gS g 68 Shes (500 plyie @
S ES 15 Sl S35 iy B b 5 LS IS
355 Y S5 sl i (mly 3, Skes b 3Ll o )
dsloro 3l ey s CSGS slaosls JolS 2ol 4y 3850 o

3l glpl BB gosls Cax YV (695 » (ogm e (simma® oy

1 Fuzzy C-Means (FCM)



TYOF b YYYA Glxio YA Jlo A oylad D 093 «pusS pual SlSlo bies & it

&).o‘siLm.ﬂCa‘lud4.3M)UQP@L}J,‘Q‘ﬂ,éoﬁowméb)lﬁ.&odb:ﬂgoﬁgo.f Jaus

Table 3. The Error mean and Standard Deviation (SD) of the automatic scores in comparison to the manual scores
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Table 4. Analysis of Variance for imitation scores of the
typically developing children and children with autism
in gross imitation tasks considering two factors (i.e.
(Imitation Mode and Action Number
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Fig. 7. Interaction plot for the mean imitation scores of
the Typically Developing (TD) children and children
.with ASD (out of 4) in modes a, b, and ¢
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Fig. 8. The schematic of three automatic assessment algorithms used in this study for scoring the imitation perfor-
.mance: a) Correlation, b) DTW, and ¢) HMM
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Fig. 10. Logliklihood of the data according to the HMM
algorithm for 10 imitation tasks (red squares and blue
circles are showing the performance of typically develop-
(ing children and children with autism, respectively
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Fig. 13. GARS scores (autism severity) of the partici-
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Follow-up Test in the music-education program.
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Table 6. Cohen’s d Effect Size measurement between Pre-Test and Post-Test of the questionnaires’ results (the numbers
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Fig. 14. Total ASSP scores of the participants in the
Baseline-Test, Pre-Test, Post-Test, and Follow-up Test in
the music-education program.
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Fig. 15. The modular structure of the interventions for the paired-groups in the group interventions
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Fig. 17. GARS’ subscales and overall scores (autism severity) of all six participants in the Pre-Test and Post-Test in the
group interventions progam.
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Fig. 18. Total ASSP scores of the participants in the
Baseline-Test, Pre-Test, Post-Test, and Follow-up Test in
the group interventions program.
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