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Abstract—Autism Spectrum Disorders is a group of lifelong disabilities that
affect people's communication and underlying social messages. The state of the
art is an indication of how technology, and in particular robotics, can offer
promising tools to enhance research and treatment in ASD. This review repre-
sents an attempt to investigate how robot-assistive therapy strategies help chil-
dren with autism increase social interaction and to imitate, recognize and ex-
press feelings. One of the major questions of this paper was if the robots appear
to be effective means in assistive therapies. The research team of this paper
concluded that robots are discovered to be a predictable and secure environment
for ASD children and to be quite efficient in the intervention process. In addi-
tion to the above-mentioned, this project also broaches ethical issues that should
be taken into consideration by the researchers and therapists during human-
robot interplay.
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1 Introduction

Autism is a state involving a large variety of disorders with a weakening of social
relations, communication and imagination, as well as seriousness and the nature of the
symptoms varies from one person to another. Autism is a pervasive developmental
disorder since it affects the person during all the periods of his development. The
characterization “pervasive” indicates that the disorder globally affects the develop-
ment of the person and the term “disorder” expresses the sense of deviation from
normal. Autism has no cure but with early intervention, much can be done to improve
the quality of life of those who have been affected. Several therapeutic approaches are
in such a state during the treatment years. However, due to the nature of the disorder
and its large variety of symptoms, there cannot be a single approach established as the
best treatment model, because it can work well with a child but may not work at all
with another [1,2].

The use of robots in autism intervention has been widely used in the last years.
Over the last decade, robots are used as intervention tools for individuals with Autism
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Spectrum Disorder (ASD). There are many robots with different appearances and
features which imitate the movements, the body language and the facial expressions
of humans. Robots have been used as assisting technology in many areas of autism
research. In particular, they have been used to help children engage in social process-
es, to teach complex social behaviors, such as personal space recognition, adaptabil-
ity, control communication and recognition of emotion. Generally, robots offer in-
credible capabilities to monitor and influence the behavior of autistic children as well
as to help the therapist. However, it is worth mentioning that their cost is very high
and its efficient use requires being monitored by a technician [3, 4].

In this paper, we present researches on robots concerning the therapy of children
with autism. First, we present robots that enhance the social skills of children with
autism as social interaction is a predominant feature in autism. Then we refer to ro-
bots related to the empowerment of emotion of children with autism through imitation
and other activities. Finally, we discuss the ethical issue of using therapeutic robots as
an intervention process in autism. The main purpose of this paper is to investigate
how robots positively or negatively influence the intervention of autism in the area of
social and emotional interaction.

2 Social Skills Improvement

According to Sartorato F., Przybylowski L. & Sarko D. K., [4] during the last dec-
ade, robots have been used as intervention tools for individuals with Autism Spectrum
Disorder (ASD). There are many robots with different appearances and features which
imitate the movements, the body language and the facial expressions of humans. The
AuRoRa project presented the robot “ROBOTA” which helped children with ASD
develop their social skills and their joint attention and imitate the movements of the
robot. Moreover, another humanoid robot whose name is KASPAR helped children
with ASD learn how to collaborate with adults, by enhancing their social behavior,
too. The first humanoid robot, KASPAR, was developed and prototyped in 2005 by
M. Blow as a Human Robot Interaction (HRI). Since then, the robotic platform has
continuous development due to the needs of the users and the technological advance-
ments [5]. Further information about KASPAR is reported at the end of this section.

Additionally, robots with a cartoonish appearance, whose name, are Tito and
Keepon, respectively were attractive to children with ASD and helped them imitate
facial expressions and increase their joint attention. Also, robots that looked like ani-
mals were used as intervention tools for children with ASD and helped them develop
new social skills and imitate positive behaviors. Examples of this kind of robots are
PABI which can imitate human emotions and Probo which can tell social stories to
children with ASD and teach the appropriate behavior according to social conditions.
Research has proved that robot-assisted therapy helped children with ASD generalize
skills taught during the intervention in real interaction with adults and children.
Moreover, this kind of therapy increased the levels of interaction and children with
ASD developed their social skills even more [4].
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Before almost ten years, Stanton et al. indicated the intimacy between children and
robots. Initially, they investigated the interactions between four children with autism
and a humanoid robot named Robota. Two of the four children showed an increase in
all sessions in the overall level of interaction with the robot. Then they examined 11
children with autism using an autonomous dog-like robot (AIBO) compared to Kasha,
a mechanical dog, and they concluded that the children in the AIBO room spent more
time interacting with AIBO than with KASHA. In addition, they used more words per
minute with AIBO. They dealt more often with authentic interaction with the experi-
menter when they had AIBO. In the interaction with AIBO, social interaction was
increased, a behavior associated with children of a typical development. From the
indicative results it was found that robots can help children with autism in social in-
teraction [6].

Six years later, another pilot research by Barakova et al. referred to LEGO therapy
based on human-robot interaction with children within the spectrum of autism. The
humanoid robot replaces one of the children in the game scenario that follows the
design of LEGO therapy. By using long training scenarios, children keep their interest
during training. A pilot and final experiment was designed, executed and analyzed
where a robot intervened in the LEGO treatment between fairs of children mediated
by a robot during the course, with the aim of completing an overall LEGO construc-
tion. Barakova et al. came up with two findings: a) play-based robot scenario in which
play continues during sessions opened up possibilities for long-range interventions
using robots and led to a semantic increase in social initiations during the intervention
in natural settings; b) including dyadic interactions between a robot and a child within
triadic games with robots has positive effects on the child's engagement and on creat-
ing learning moments that conform to the chosen therapeutic approach [7].

In the same year, Salter et al. introduced the Queball robot, which has a simple
global morphology combined with a collection of autonomous behaviors. The plat-
form is simple, secure, and provides a wide range of kinetic, virtual, audio and tactile
interactive features aimed at enhancing the child’s learning and playing abilities. It
also provides connectivity to other devices or to a computer via WiFi. The results
showed that this device can be easily used in schools, without any special technical
support. The interaction between the child with autism and the robot was character-
ized as calm and interesting, because the child seemed relaxed and entertained. Final-
ly, it was observed that children with autism developed the ability to play with other
people without facing any conflicts [8].

Furthermore, Tennyson et al. described the fourth generation of robot agents using
public platforms, the Lego NXT, as Socially Assistive Robotics (SAR). The above
platform is combined with pedagogical guidelines and social scenarios in order to
support an alternative educational approach to learning social behavior. Robot social
assistants (SARs) allow children to interact with a three-dimensional object through
touch, verbal communication, physical play and enables them to learn through imita-
tion and interaction, thus encouraging autonomous social behavior. The results
showed that SARs have helped to reduce the stereotypic behavior of the individuals
compared to the results of human interaction [9].
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A study was performed by Srinivasan et al. in which children with ASD were di-
vided into 3 groups in a random manner to accept the appropriate intervention. The
rhythm group took part in activities with movement and music, the robot group in
activities whose purpose was to learn how to imitate robot games and the comparison
group focused on typical activities on a tablet screen. The results of this study showed
that the robot group reached higher scores when they expressed themselves. The par-
ticipants of the robot group didn’t spend enough time communicating with the robot,
but they developed their social verbalization levels and their language skills during
the sessions. Nevertheless, the children with ASD of the robot group couldn’t general-
ize learned skills in a real social interaction with a human. Due to the restricted motor
movement, the limited and difficult wordiness and the partial autonomy of the robots,
there were many disadvantages in robot-assisted long-term interventions for children
with ASD [10].

Another research that supports the use of robots in autism intervention is the one
by Esteban et al. where Robot-Assisted Therapy (RAT) is presented. The survey was
divided into two phases. In the first phase, a robot called Wizard of Oz (WoZ) was
used, while in the second phase he RET robots were used under a semiautomatic sys-
tem. When the two phases were completed, they were compared with Standard Hu-
man Treatment (SHT). The results showed that some of the participants had a better
performance while interacting with robots and it was concluded that RAT had effec-
tually been used to refine social skills in children with ASD [11].

According to Desideri et al. in a study with a sample of three preschool children
diagnosed with ASD, the NAO robot was used as an intervention method. The inter-
vention consisted of two parts (control and robot intervention) in which children par-
ticipated in activities using objects and toys of their everyday life and there were dif-
ferent targets such as imitation, communication or language comprehension, as well
as positive feedback. In both parts, activities had the same structure, but the only
difference was that the children interacted with the educator in the first session and
with the robot in the second. The results showed that the robot played an important
role in the intervention and helped children maintain their attention and achieve their
goals in the activities. The most important result was that the children participated
more actively in the interaction with the robot than with the educator [12]. In addition,
Hina et al. focused on the interaction of autistic individuals with NAO which differs
from the rest in its methodology, because it uses a multimodal fusion of information
and has the ability to interpret a complex command and divide it into elementary work
on basics for interaction. As a result, the NAO robot makes the social interaction for
ASD children easier [13].

Furthermore, Taheria, Meghdaria, Alemia and Pouretemad developed an innova-
tive robotic music therapy intervention, originally designed to teach the basic princi-
ples of how to play the drums and the xylophone to children with autism, using the
NAO robot as an assistant and then help them develop their social and cognitive skills
as well as their kinetic imagination. The aim of the study was to evaluate the results of
the interventions of the three groups associated with the program. At first, the robot or
parent or therapist would playing music through real drums or xylophone and the
child would have to do the same. The NAO robot was programmed to play the musi-
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cal instruments with the baguettes placed in its hands. The results of the survey
proved that the social and cognitive skills of the participants in the study were posi-
tively influenced. However, in general, the effects of music therapy on participants'
behavior appeared to be different for children who belonged to different degrees of
the spectrum [14].

In a recent study Scassellati et al. introduced an intervention in which 12 children
diagnosed with ASD took part and attended special education lessons. The partici-
pants interacted both with a social autonomous robot and their caregiver for half an
hour on a daily basis for a month. At the beginning of each session, the robot told a
story of children’s everyday life and then the children played games guided by the
robot. The purpose of the intervention was to adopt the participants’ different social
skills and generalize them while interacting with adults. The results of this study
proved that the robot helped children develop their social and communicative skills.
Moreover, the participants paid more attention when there was a robot than when they
played a game themselves. The most important result was that the children were able
to adapt these social skills in real interactions with adults [15].

Melo et al. presented the INSIDE system, a network-based robot system designed
to allow the use of mobile robots as active players in the treatment of children with
autitic disorders. The system consisted of an autonomous mobile robot, ASTRO,
which was able to engage in social interaction during a health care session as the child
moved around the room while completing various activities. The robot played a key
role in the healing process, as it was the role of the robot to invite the child to perform
the various activities, explain the activities to the child and provide encouragement.
This work pioneered the use of an autonomous robot of driving and multitasking
skills, acting as a social factor and engaging in rich social interaction with fully au-
tonomous children. The INSIDE system stands out from other systems, because it
allows for a complex, semi-structured interaction in ASD therapy, while fully auton-
omous robots are used [16].

Moreover, an important way for robots to intervene in autism is their contribution
to the process of finding a job. Kumazaki et al. developed a work environment simu-
lation tutorial, using an Android Robot and looked at changes in self-confidence in
learning non-verbal communication skills and in reducing stress. These changes were
measured through personal reports of participants about their confidence level and the
levels of cortisol in their saliva. The results of the above measurements showed that
the question about whether or not they wanted to re-interview the participants through
the robot was answered with a “yes”. Also, in the robot team, they all completed the
test without any signs of discomfort or technological worries. Still, the results showed
that in the non-verbal communication category there was a significant improvement
for the robot team [17].

Finally, a long term study about KASPAR showed that it can be used to foster and
support collaborative play among children with autism. Six children with autism took
part in controlled play sessions both with and without the robot, using a designed
collaborative game that was based on imitation. The study demonstrated how the
different pairs of children with autism improved social behaviors in playing with each
other after they had played in pairs with the robot KASPAR [18]. In addition, a recent
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study by Wood et al. proved that KASPAR can help children with autism develop
their visual perspective skills (the ability to see the world from another person‘s per-
spective [19].

Nevertheless, Alhaddad et al. offered another aspect to social robots' interaction
and examined the harm caused by the interaction between social robots and children
with autism, especially during their provocative behaviors, that is, when they throw
objects, kick, or beat themselves up. These behaviors can harm both the children and
those around them. So, they quantified the magnitude of this damage, based on severi-
ty indicators for one of the provocative behaviors, namely the throwing of objects.
The results showed that total injury levels based on selected severity markers are
relatively low compared to the respective limits [20].

3 Improvement of Emotional Abilities

In addition to the social empowerment of robots in autism therapy, robots have also
helped improve the emotional abilities of autistic children who, as it is known, are
facing difficulties. According to Adams and Robinson, children with ASD have a
tendency towards feeling comfortable with non-humanoid robots. Nevertheless, a
robot with real human features helps children with ASD develop facial recognition
skills. The researchers refer to the FACE project (Facial Automation for Conveying
Emotions), which uses a realistic android head and its main purpose is to enhance the
social and emotional skills of children. The android head is able to illustrate six basic
emotions and can be controlled by the therapist and the child. During the intervention,
the behavior of the participants, their interaction with the android head and the imita-
tion of the facial expressions were observed. The results showed that there can be an
increase in the recognition of realistic emotions [21]. Additionally, Pop et al. used the
social robot Probo to investigate if it can help children with autism identify situation-
based emotions. The results of their work showed that the performance of the partici-
pants improved. In particular, children's performance improved with moderate to large
effect sizes in identifying both sadness and happiness. So, this study proved that ro-
bot-assisted therapy can improve not only the social but also the emotional ability of
children with autism [22].

Moreover, Leo et al. study was to become the first attempt to use machine learning
strategies during ASD child-robot interactions in terms of mimicking facial expres-
sions, making it possible to objectively assess children's behavior and then introduce a
measure of treatment effectiveness. In particular, the program focused on basic emo-
tional recognition skills. In addition to the above, the applied innovations can also
contributed to this work by introducing a Facial Expression Recognition (FER) mech-
anism that can automatically detect and monitor the face of the child and then recog-
nize emotions based on machine learning. Two different experimental sessions took
place: the first examined the FER with datasets capable of presenting the proposed
action and assigning the existing precision of recognition strategies. The second was
ASD children and it was a preliminary research into who can use the introduction of
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the FER engine in the therapeutic protocol that was effectively used to monitor chil-
dren's behavior [23].

Salvador, Silver, and Mahoor conducted a study using the humanoid Zeno Robot.
The aim of the study was to compare the emotion recognition of children with and
without ASD. Firstly, the robot communicated with the children and then Zeno pre-
sented to the children six basic emotions (happiness, surprise, sadness, anger, disgust
and fear) through a game. The participants made a guess for each emotion and the
robot evaluated the answer if it was true or false. At the end of the game, the children
could interact with the robot. The results showed that there was no difference between
the two groups in recognizing emotions. Children with autism found it difficult to
distinguish Fear or Disgust, but both groups made better scores when the emotions
were presented through gestures [24].

The following year, in Boccanfuso et al. study, an emotion-simulating robot was
used in order for child-robot interactions and affective responses to this robot to be
analyzed. In this way, not only were differences between the responses of typically
developing children and children with autism examined, but also play and affective
response and its connection to the severity of autism calibrated using Autism Diag-
nostic Observation Schedule (ADOS) was tested [25].

The research by Costa et al. aims to improve the emotional capacity of children
with autism through education, using the QT robot with a screen on its face where
emotions are displayed visually with the help of animated characters. Emotions are
expressed in a simple way and there are different levels of difficulty. During the pro-
cess, emotional and social situations are presented, using paradigms in order to be
comprehended by the children [26].

A study conducted by So et al. had as a target to teach Chinese children with ASD
the recognition and the production of pantomime gestures that could help them ex-
press their feelings using the NAO robot. The intervention contained two phases: to
recognize gestures and to produce them. The children participating in the study were
separated into two groups: the control group and the intervention group. The results of
this study proved that the children were taught to recognize and produce gestures
while interacting with the NAO robot. On the other hand, the participants weren’t able
to correctly produce gestures when they communicated with a human and they
couldn’t generalize the meaning of gestures in real human interaction [27].

Chevalier et al. designed a personalized robot environment for social learning for
people with autism. They assessed the possible relationship between recognition ex-
pressions of the body/face and emotions as well as proprietary and visual concepts of
integrating an atom. Firstly, they described the design of EMBODIEMO a database
platform containing video body/face feclings and emotions. Then, they examined the
relationship between recognition of emotions and visual profiles of people with typi-
cal development (TD) and people with ASD. As expected, results showed that people
who were focused more on visual indications had the best recognition scores. Howev-
er, they found that TD individuals focused on eloquence had better recognition re-
sults. In particular, participants with ASD got lower emotion recognition scores. Ac-
cording to the results, the combination of visual and perceptive signals in autism in-
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tervention is very important, because they can affect children with ASD's ability in
recognizing emotions [28].

Javed et al. presented a new robot-based intervention framework, designed to target
the aesthetic difficulties of cure and emotional therapy in children with autism. Three
types of systems are used to provide expandable robotic interactions with socio-
emotional expressions based on gestures and characters. The framework of interven-
tion includes an emotional interaction game in mobile computing environments, an
interactive robotic encounter with social scenarios and gesture recognition games that
measures emotional processing and verbal skills at a socio-emotional level. They
created two groups. The findings showed that children with ASD participated less in
the emotion control game and had less focus on appearance but had more average
cases of self-diagnosed interactions and imitation robot behaviors. While their overall
performance in the gesture recognition game was lower than the control group, it
should be noted that the best individual performance came from an ASD child [29].

Another recent research by Marino et al. studied a semi-autonomous robot. In this
study, 14 children participated randomly divided into two groups (control group and
experimental group). A semi-autonomous robot was used that had the potential to
offer support, efforts to communicate and express feelings and information about the
participants' behavior through a camera. The findings showed that both groups (con-
trol and experimental) before the intervention had lower performance than expected
given their age. It is important to note that the performance of both teams improved
after the intervention, but the children interacting with the robot showed a greater
difference in understanding the emotions. In addition, there was an improvement in
understanding the views, feelings, and thoughts of others, where autistic people
proved to be deficient [30].

4 Ethical Issues

There are many ethical issues that should be taken into consideration when imple-
menting humanoid robots in autism-related robot-assisted therapy (RAT) such as the
level of emotional attachment, the use of robots as human substitutes in therapy and
the need for briefing the target group on the standard ethical guidelines and protocols.
More specifically, autistic children can believe that the robot is an autonomous, inde-
pendent being that is able to interact and attach in an intelligent way. An approach,
where the child clearly perceives the robot as a friendly educational toy instead of a
substitute for a human friend, can be the solution to the problem. As far as the use of
the robot as a human is concerned, results showed that the majority of the participants
agree to include robots in the therapy because it is ethically acceptable and only 26
per cent believe that robots can replace humans in the therapy. Lastly, the participants
should give their consent before joining the experiment and be briefed on the ethical
protocol and guidelines [31].

Moreover, Mark Coeckelbergh et al. have conducted a survey of questions about
what people think of using robots in ASD therapy. The results are the most important
for some of the basic ethical and therapeutic issues identified when it comes to robots.
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The analysis is based on the answers of two questions, "Is it ethically accepted for
social robots to used in treatment for children with autism?" and "Is it ethically ac-
cepted for social robots to be used in health care?". The vast majority of respondents
agreed in using robots in the health care system, including robot-assisted treatment for
ASD children. However, according to researchers’ discussion of ethical issues, there
has been considerable number of participants (44%) opposed the idea of robots re-
placing the therapists. On the contrary, many respondents preferred that interaction to
be supervised by the therapist and for the robot to operating teleoperated way rather
than in a fully automated way [32].

The Haring et al. article also mentions examples of robotic negative effects on the
ethical aspect. Submissions are intended to be out forward and can take a wide variety
of views (including analytical, empirical, technical, or planning-oriented perspectives)
but are expected to be well established in humanoid robot intervention (HRI) and
technology ethics literature. Such examples are inverted robots (e.g., malicious robots,
robots that provide information to inadvertent sources), misleading robot presentation
(e.g. people's trend to provide sensitive information to robots, a trend of people to
undertake automation work), dark applications (e.g. psychological manipulation of
people by robots, responses to the application of robot rules), unintended consequenc-
es of social robots (e.g. a disadvantage of explanatory robots, unintentional robot
operations as a threat, socially interactive consequences of a robot, impact of robots
on interpersonal relationships), solutions (e.g., enforcement of good practices, giving
to the man tools to defeat the dark side, public education strategies for informing
users about real concerns when it comes to social robots) [33].

Concerning the ethical design of the robotic systems and application with robots,
there are also legal initiatives, such as the ISO 13482:2014 Personal Care Robots, the
BS 8611:2016 Guide and IEEE Ethically Aligned Design 2017 from the IEEE Global
Initiative and Standard Association, which refer to the positive and negative effects of
robot technology. Moreover, there are international policies on drones and driverless
cars and specific laws, which have to do some disorders such as autism. Nevertheless,
these initiatives give unclear instructions to the people who work with robots [34].

According to Villaronga & Albo-Canals, a social robot is both a technological
product and a social being. This combination makes it difficult to understand what
legal requirement must be followed when the researchers design a social robot inter-
vention. The only ethical issue about the design of robots is [ISO13482:2014, which
specify robots’ characteristics such as the robot shape, the robot movements, energy
supply and storage and autonomous decisions of the robot. Moreover, social robots
interact with special needs children and develop a relationship with them. In the EU
the General Data Protection Regulation is legislated in May 2018 and the personal
information of the users in therapies with robots must be protected. Hence, the design
of social robots should follow and obey the rules, so as not to put at risk the therapy of
people with special needs, such as children with ASD [34].
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5 Conclusion

Considering all the above, it is clear that robot-based therapies can help with the
treatment of children with autism. All the robots which have been presented in this
paper have been designed to take up a lot of roles through engaging activities in order
to educate children with autism in the social and emotional field. Imitation, joint at-
tention, emotion and facial recognition, triadic interaction and tactile social behaviour
were examined during the above mentioned studies. In conclusion, the social skills
and emotional improvement children with ASD demonstrate while interacting with
robots, allow us to accept robots’ important role in autism therapy. However, there are
some cthical issues that should be taken into consideration, such as the emotional
attachment between children and robots and the percentage of uses in the whole
treatment process. Overall, we strongly believe that humans should not be replaced
with robots in autism therapy, despite their beneficial role robotics technology should
be rather a supportive tool operated by humans.
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