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Abstract

Autism Spectrum Disorder (ASD) is a complex neurodevelopmental condition. It is
characterized by inability to acquire social skills, repetitive behaviours and failure of speech and
nonverbal communication development [1].

Technology application, in educational background, has the potentiality to adapt teaching tools
to the brain functioning of students with ASD, it allows to gain some new competences. Over
the past several years, Robot-Assisted Autism Therapy (RAAT) has been infiltrating the soft
skills teaching environment. RAAT conforms itself to Neurodiversity of ASD, so it
demonstrates its adequacy for the development of social and relational skills. This reflection
review recognises state of the art about new advancements made in demonstrate benefits of
RAAT to children with autism. RAAT’s benefits discussed by this paper are: (1) increased
interaction and spontaneous verbal communication; (2) improvement of relational skills and
empathy; (3) willingness to physical proximity. Therefore, we explain the effects of RAAT in
children with ASD about improving soft skills.
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1. Introduction

Autism spectrum disorder (ASD) is a complex developmental disability that affects an individual's capacity
to communicate and interact with others and it is also characterized by a wide range of behavioural problems
[2]. Impairment in social functioning is the defining feature of this disorder, so youth with ASD are at
increased risk for social isolation [3].

Impairment in communication and social interaction cause suffering, stress, reduced autonomy and reduced
school and job opportunities.

In 2018 the ISTAT report identifies a predominance of children with ASD equal to 0.84% of the total
number of pupils in Italy in school year 2016/2017, which is an increase figure compared to the previous
year. In the USA the last report published by the Centers for Disease Control and Prevention [4] estimates
that nearly 1.5% school-age children are affected by ASD. Also, the number of cases is confirmed to be
constantly rising.

The number of pupils with ASD is quite significantly in schools, thus the situation cannot be ignored and
needs the right evaluation, in order to start the process of inclusion in the group of mates, and the
improvement of their unexplored skills. The school should manage to facilitate growth and learning, to
promote socialisation, to reduce maladaptive behaviours, to train and support the families.

Technology is contributing to the evolution of Education through the development of individualised
learning plans suitable for students with ASD. The health emergency from Covid-19 has imposed a process
of sudden digitization of learning environments by taking transliteracy. The actors of the school institution
were forced to convey communication, teaching and learning through technology. The study by Toto and
Limone [5] showed that the impact of digital technologies, during the pandemic, is negatively correlated with
both perceived stress and motivation. The advantages of e-learning (sharing of materials, facilitating access
to information and uptake of ICT) are therefore associated with low motivation: it is essential to develop
virtual rooms for interactions between participants and to adapt the training of teachers and students to their
needs in order to counteract resistance and opposition to use of technologies [6]. Technological innovation
has established itself in the socio-cultural context for several years, however in the school context it is a
process still under development and now teachers are facing the related changes.

Robot-Assisted Autism Therapy (RAAT) is one of the innovative tools which can be used in schools; it
offers the opportunity to treat and teach both soft skills' and curricular learning content. The learning
environment is mediated by the relationship with an educational robot that can be zoomorphic or humanoid.
The innovation consists in combining the brain functioning of children who have ASD with soft skills taught
by a robot — children’s trouble with social relationships is associated with a possible interaction with
technological tools.

It is necessary to clarify that it is difficult to make generalizations out of the results obtained with RAAT,
because robots must be specifically and wisely personalized according to the sensory preferences of the
children, their psychological, neurological, relational and intellectual characteristics [7].

2. Sensorial processing and human relationships

RAAT takes advantage of research made about neurodiversity, typical in individuals with ASD, in order
to act effective interventions. It is important to know how the brain works during human interactions in order
to develop soft skills. It is widely assumed that the biological underpinnings of social impairment are
neurofunctional alterations in the “social brain,” a neural circuitry involved in inferring the mental state of a
social partner. The present contribution will explore two fundamental processes for the regulation of human
relationships: human motion processing and emotional stimuli elaboration.

Successful social behaviour requires the accurate detection of other people’'s movements: typical
observers showed enhanced visual sensitivity to human movement while observers with ASD did not [8]. It

1 Soft skills refer to transversal skills that concern the aptitudes and intuitions of the person. The main ones are: empathy and
communication, collaborative, social and relational skills.
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suggests that the visual systems of individuals with ASD may not be tuned for the detection of socially
relevant information such as the presence of another person. This means that in people with ASD there is an
effective brain activation for the elaboration of the object motion but not for the human motion. This
condition affects precision and speed in coding another human being’s action.

The studies about emotional evidences elaboration report that children with ASD fixate less on faces in
comparison to controls so they need to gaze not only at faces but also at actions, gestures, body movements,
contextual details, and objects [9].

Another evidence is that the percentage fixation time to the eye region for the TD (typically
development) group increases with age, whereas the one for the ASD group did not. In the ASD group,
duration of gaze at the eye region increases up to approximately 10 years of age and thereafter tends to
decrease. The ASD group gaze more briefly at people than did the TD group [10].

Han et al. [11] recorded eye-tracker during visual exploration of emotional stimuli displayed by a human
face. Evidence came that people with ASD process the movement more than the emotional signals when
facing facial expressions.

The diversity in processing movement and emotional signals coming from other human beings causes
impairment of the soft skills. RAAT provides the necessary tool to overcome this obstacle and to produce the
development of social and relational skills.

3. Development of soft skills through RAAT

A robot is a mechanical or virtual agent capable of moving independently and performing complex
actions. A humanoid robot is a robot with its overall appearance based on that of the human body instead a
zoomorphic robot is a robot with animal-like.

RAAT combines speech, pictures, words, and animation in interactive ways to structure concepts that
suit the level of understanding of learners and their interest [12]. Such learning opportunities stimulate
everyday life situations thus providing situated learning.

The value of this technological device resides in being more flexible and suitable to the children and their
therapeutic needs, compared to the standard therapies. The robot tutor provides extraordinary results.

The robot’s colours, clothes and behaviour are decided according to the child’s preferences so a process
of identification is started and any overstimulating sensorial system details will be avoided: the voice should
be soft in nature and sound friendly not to scare them; sentences should be short to facilitate comprehension;
speed of speech must be slow; the behaviour must be coherent, simple with no complex movements acted
together with speech. An individualized plan of intervention is set up: games, interactions, learning outcomes
and timing to enhance the difficulties of teaching are tailored for each child. It is extremely important to
combine the child’s motivational characteristics with the robot’s interactive and playful strategies [13].

Another crucial factor is the individual level of functioning: a high-functioning level predicts a higher
development of soft skills; a low functioning, instead, seems to be associated to a lower development.
However, it is difficult to define precise guidelines and quantitatively comparable results due to the great
variety of neuropsychological features and of RAAT.

Here below will be presented the effects of several interventions, based on RAAT, implemented on
children aged 2 to 12.



Figure 1: diagram represents the effects of RAAT on soft skills.

3.1 Increase of interaction and spontaneous verbal communication

Research gives evidence of the development of the relationship between the child and the robot and the
further increase of verbal communication: here follows an outline of the most important results.

Bharatharaj et al. [14] have made experiment with the robot KiliRo inspired by parrots. The results show
signs that children with ASD were attracted and were happy to interact with the parrot-inspired robot [15].
DiPietro et al. [15] also found positive results using humanoid robots: the robot’s humanoid physical aspect
and its communicative skill mediated by intonation affect positively children with ASD, providing them a
higher level of happiness and interaction.

Srinivasan et al. [16] focused on social skills training through interventions based on movement thanks to
NAO robot. It reported that rhythmic and whole-body interpersonal synchrony games led to high levels of
social attention. Improvement of joint attention has been reported also in the research made by David et al. in
2018 [17]. Joint attention is the first step of sharing and nonverbal communication testifying the children’s
wish to be in relationships with others.

Taheri et al. [18] observed significantly increased verbal communications of paired-groups following a
robot-assisted group games program. In particular, the research made by Saadatzi et al. [19] shows the
presence of empathetic verbal communication answers: children thanked and congratulated the robot mate
(for example a participant said “good job”) and some of them also imitated the robot’s positive gestures. The
result of gesture production can be seen also in So et al. [20] which shows how early childhood babies
reduced their gestural delay.

Simut et al. [21] implementing an intervention mediated by social narrator robots, refer the presence of
children asking spontaneous questions, thus showing increase of motivation to communicate.

The results claim the effectiveness of RAAT for the development of communication in children with
ASD; yet it is vital to adapt the intervention to the features of the participant and to consider the extent of the
outcomes associated to the starting level of functioning.

3.2 Promotion of relational skills and empathy
The main feature of RAAT robots is autonomy: the artificial intelligence allows robots to build

relationships without be remote-controlled. The autonomous robot, differently from the controlled robot, is
able to generate a different behaviour and consideration: the child with ASD assigns him sensitivity, wishes
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and particular physical states. The way in which technology is introduced mediates the awareness of other
people’s emotions and social relationships [22]. The more the robot is autonomous the more the child is
involved; instead, as said before, empathy is not revealed during human interactions because of sensory
overstimulation.

However, adopting a robot is only an intermediary step which develops the child’s desire and skill to
interact and emotionally understand other people. If the child-robot relationship is well established, it also
promotes the intrinsic motivation to interact with human carers: children with ASD have been observed
while adopting spontaneous behaviours of sharing fun and requests with the experimenter [23]. Moreover,
the robot shows the potentiality to encourage children to collaborate with their peers in playful situations
[24] and is able to teach perception, expression and understanding their own and others’ emotions.

The humanoid robot Zeno is very expressive and, during working sessions, is able to implement
empathetic learning. Zeno asks the child to recognize some facial expressions represented on cards, and to
match them to his own face; also, he asks to express his emotion and tell verbally how he is doing [23]. The
consequence has been seen in the development of social skills which, however, were strictly dependent on
the child’s level of functioning, so the higher was the level of functioning, the better were the results.

Kumazaki et al.’s study [25] confirms that individuals with ASD exhibited higher motivation when
interviewing with an android robot than with a human. The motivation was negatively related to the
impression of the humanness of the android robot. The designed robots should have less details and should
be less complex than humans, in accordance with the brain functioning associated to ASD.

Rudovic et al. [26] have tested the use of the humanoid robot NAO, they have adapted the interactions to
multi-modal sensory input (video, audio and autonomic physiology) generated by the child’s monitoring.
The robot’s ability to calibrate its behaviour to the child’s answers allowed to adjust positively the levels of
the child’s affective states and engagement. An increase in the child’s involvement and the development of a
positive relationship with the robot is guaranteed by the continuous reorganization of the robot’s behaviour.

KASPAR is a semi-autonomous minimally invasive humanoid robot developed by the Adaptive Systems
Group of the University of Hertfordshire (UK). Huijnen et al. [27] claim that it contributes to positive results
in the area of increasing body awareness, encouraging collaborative skills, prolonging children’s attention
span, mediating and encouraging social interaction, and learning appropriate physical interaction.

It is demonstrated, thus, that RAAT overcomes the relational impairment of the child with ASD
developing empathy towards the robot and paving a new road towards the involvement of other human
beings in the relationship.

3.3 Disposition to physical proximity

The research made by Saadatzi [19] previously mentioned, has pointed out the development of verbal
communication and also of behaviours tending to proximity: one of the participants consistently greeted the
robot and hugged it when the session was completed. Another participant began imitating the robot’s happy
gestures.

The study of Kim et al. [28] choses NAO robot with “walking with the robot” as the social context. The
expected social situations in the given scenario were (1) the robot walking, and (2) the robot falling; the
desirable prosocial behaviours of the children were (A) helping the robot to walk, and (B) helping the robot
stand up after it fell down. Several video cameras and the Smile Reader Apparatus have monitored the
children’s behaviours and smiles. Overall, children with ASD smiled more and exhibited fewer prosocial
behaviours than typically developing (TD) children.

The study found that the smile’s duration of children with ASD is related to more prosocial behaviours in
the condition (1) the robot walking. In the condition (2) of the robot falling, three children with ASD out of
six helped the robot to stand up. The same percentage can be seen among TD children.

One difference is interesting to be noticed: at the robot falling the TD children turned their face to the
caregiver to seek advice in the non-familiar situation, which did not happen among the children with ASD.



Increased physical proximity has been observed also in the research by Fachantidis et al. [29]: the robot
Daisy causes the pupil to display proximity behaviour in the activity. Children get close to the robot more
easily and interact with the robot more than with a human being.

Hypothesis are made that the presence of physical proximity is due to the robot’s emotions easy to be
recognized, so the children do not get bored and do not feel overwhelmed by the other interlocutor’s stimuli.
However, the robot is just a tool to mediate learning skills that should be used later in everyday life.

4. Conclusion

Doctors, teachers, caregivers, psychologists and health carers are offered social robots in order to
interact, work, learn and treat people with ASD.

The asset consists in implementing the intervention on the child with ASD in his real-world avoiding
tools out of context. In this case there will be a high probability of generating true skills for everyday life and
expanding the competence in different social environments.

RAAT is producing promising results not only in the area of rehabilitation but also in schools: it
mediates not only the acquisition of soft skills but also curricular knowledge. Educational robots should be
used in learning environments in order to guarantee effective and pleasant teaching and the development of a
group-community where all students live in harmony.

Although scientific research is advancing, the diffusion, of technological tools designed for the school
context, does not follow the same pace. Teachers do not have an adequate level of knowledge and skills in
the use of assistive technologies and require pre-service and in-service training to increase their general
knowledge of technological aids and to plan effective actions for students with disabilities [30].

We hope that the praxis will be spread in order to develop the precocious empowerment of people with
ASD.

The aim is to let the rhythm of development of the individual with ASD close the gap with the
development of the normotypic and reduce the impairment produced by the disorder.

What has been stated here does not support the idea that normality is a value; instead, the development of
social and psychological skills is a useful equipment to lead an adaptive life able to fulfil the potentiality of
the person despite the expectation of normality. RAAT seems to provide the useful tools to cancel the
disability, being the relation between individual and environment, promoting the removal of barriers which
hamper the autonomy of people with ASD.

5. References

1. H. Famitafreshi, M. Karimian, Overview of the Recent Advances in Pathophysiology and Treatment
for Autism, CNS & neurological disorders drug targets 17(8) (2018) 590-594.

2. S. B. Chidambaram, S. Tuladhar, A. Bhat, A. M. Mahalakshmi, B. Ray, M. M. Essa, M. Bishir, S. R.
Bolla, N. D. Nanjaiah, G. J. Guillemin, M.W. Qoronfleh, Autism and Gut-Brain Axis: Role of
Probiotics, Advances in neurobiology 24 (2020) 587-600.

3. R. P. Hobson, The coherence of autism, Autism: The International Journal of Research and Practice
18(1) (2014) 6-16.

4. D. L. Christensen, J. Baio, B. Van Naarden, Prevalence and Characteristics of Autism Spectrum
Disorder Among Children Aged 8 Years, Autism and Developmental Disabilities Monitoring
Network 65(3) (2016) 1-23.

5. G. A. Toto, P. Limone, Motivation, stress and impact of online teaching on italian teachers during
covid-19, Computers 10(6) (2021).

6. G. A. Toto, P. Limone, From resistance to digital technologies in the context of the reaction to
distance learning in the school context during COVID-19, Education Sciences 11(4) (2021).



7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

H. Kumazaki, T. Muramatsu, Y. Yoshikawa, Y. Matsumoto, M. Miyao, H. Ishiguro, M. Mimura, Y.
Minabe, M. Kikuchi, How the Realism of Robot Is Needed for Individuals With Autism Spectrum
Disorders in an Interview Setting, Frontiers in psychiatry 10 (2019) 486.

M. D. Kaiser, L. Delmolino, J. W. Tanaka, M. Shiffrar, Comparison of visual sensitivity to human
and object motion in autism spectrum disorder, Autism research: official journal of the International
Society for Autism Research 3(4) (2010) 191-195.

I. Avni, G. Meiri, A. Bar-Sinai, D. Reboh, L. Manelis, H. Flusser, A. Michaelovski, I. Menashe, 1.
Dinstein, Children with autism observe social interactions in an idiosyncratic manner, Autism
research: official journal of the International Society for Autism Research 13(6) (2020) 935-946.

T. Fujioka, K. J. Tsuchiya, M. Saito, Y. Hirano, M. Matsuo, M. Kikuchi, Y. Maegaki, D. Choi, S.
Kato, T. Yoshida, Y. Yoshimura, S. Ooba, Y. Mizuno, S. Takiguchi, H. Matsuzaki, A. Tomoda, K.
Shudo, M. Ninomiya, T. Katayama, H. Kosaka, Developmental changes in attention to social
information from childhood to adolescence in autism spectrum disorders: a comparative study,
Molecular autism 11(1) (2020) 24.

B. Han, C. Tijus, F. Le Barillier, J. Nadel, Morphing technique reveals intact perception of object
motion and disturbed perception of emotional expressions by low-functioning adolescents with
Autism Spectrum Disorder, Research in developmental disabilities 47 (2015) 393-404.

D. J. Brown, D. McHugh, P. Standen, L. Evett, N. Shopland, S. Battersby, Designing location-based
learning experiences for people with intellectual disabilities and additional sensory impairments.
Comput. Educ 56 (2011) 11-20.

I. Van den Berk-Smeekens, M. van Dongen-Boomsma, M. De Korte, J. C. Den Boer, 1. J.
Oosterling, N. C. Peters-Scheffer, J. K. Buitelaar, E. I. Barakova, T. Lourens, W. G. Staal, J.C.
Glennon, Adherence and acceptability of a robot-assisted Pivotal Response Treatment protocol for
children with autism spectrum disorder, Scientific reports 10(1) (2020) 8110.

J. Bharatharaj, L. Huang, A. Al-Jumaily, M. R. Elara, C. Krageloh, C. Investigating the effects of
robot-assisted therapy among children with autism spectrum disorder using bio-markers. 10P
Conference Series: Materials Science and Engineering 234 (2017).

J. DiPietro, A. Kelemen, Y. Liang, C. Sik-Lanyi, Computer- and Robot-Assisted Therapies to Aid
Social and Intellectual Functioning of Children with Autism Spectrum Disorder, Medicina (Kaunas)
55(8) (2019) 440.

S. M. Srinivasan, I. M. Eigsti, L. Neelly, The effects of embodied rhythm and robotic interventions
on the spontaneous and responsive social attention patterns of children with Autism Spectrum
Disorder (ASD): A pilot randomized controlled trial, Bhat AN Res Autism Spectr Disord, 27 (2016)
54-72.

D. O. David, C. A. Costescu, S. Matu, A. Szentagotai, A. Dobrean, Developing joint attention for
children with autism in robot-enhanced therapy, Int. J. Soc. Robot 10 (2018) 595-605.

A. Taheri, A. Meghdari, M. Alemi, H. Pouretemad, Human-robot interaction in autism treatment: a
case study on three pairs of autistic children as twins, siblings, and classmates, International Journal
of Social Robotics 10 (2018) 93-113.

M. N. Saadatzi, R. C. Pennington, K. C. Welch, J. H. Graham, Small-Group Technology-Assisted
Instruction: Virtual Teacher and Robot Peer for Individuals with Autism Spectrum Disorder, Autism
Dev Disord 48 (2018) 3816-3830.

W. C. So, M. K. Wong, W. Y. Lam, C. H. Cheng, J. H. Yang, Y. Huang, P. Ng, W. L. Wong, C. Ho,
K. L. Yeung, C. C. Lee, Robot-based intervention may reduce delay in the production of intransitive
gestures in Chinese-speaking preschoolers with autism spectrum disorder, Molecular autism 9
(2018) 34.

R. E. Simut, C. Costescu, J. Vanderfaeillie, D. David, B. Vanderborght, Can a Social Robot
Encourage Children With Autism Spectrum Disorder to Ask Questions During Playtime? In
Children's Play, Pretense, and Story: Studies in Culture, Context, and Autism Spectrum Disorder, S.
Routledge Douglas, L. Stirling, (2015) 96-114.



22

23.

24,

25.

26.

217.

28.

29.

30.

N. Chernyak, H. E. Gary, Children’s cognitive and behavioral reactions to an autonomous versus
controlled social robot dog, Early Education and Development 27(8) (2016) 1175-1189.

B. R. Schadenberg, D. Reidsma, D. Heylen, V. Evers, Differences in Spontaneous Interactions of
Autistic Children in an Interaction With an Adult and Humanoid Robot, Frontiers in robotics and Al
7 (2020) 28.

B. Huskens, A. Palmen, M. Van der Werff, T. Lourens, E. Barakova, E. Improving collaborative
play between children with autism spectrum disorders and their siblings: The effectiveness of a
robot-mediated intervention based on Lego® therapy, Journal of autism and developmental disorders
45(11) (2015) 3746-3755.

H. Kumazaki, T. Muramatsu, Y. Yoshikawa, Y. Matsumoto, H. Ishiguro, M. Kikuchi, T. Sumiyoshi,
M. Mimura, Optimal robot for intervention for individuals with autism spectrum disorders,
Psychiatry and clinical neurosciences 74(11) (2020) 581-586.

O. Rudovic, J. Lee, M. Dai, B. Schuller, R. W. Picard, Personalized machine learning for robot
perception of affect and engagement in autism therapy, Science robotics, 3(19) (2018) 6760.

C. Huijnen, M. Lexis, R. Jansens, L. P. de Witte, How to Implement Robots in Interventions for
Children with Autism? A Co-creation Study Involving People with Autism, Parents and
Professionals, Journal of autism and developmental disorders 47(10) (2017) 3079-3096.

S. Kim, M. Hirokawa, S. Matsuda, A. Funahashi, K. Suzuki, Smiles as a Signal of Prosocial
Behaviors Toward the Robot in the Therapeutic Setting for Children With Autism Spectrum
Disorder, Frontiers in robotics and Al 8 (2021) 599755.

N. Fachantidis, C. K. Syriopoulou-Delli, M. Zygopoulou, The effectiveness of socially assistive
robotics in children with autism spectrum disorder, International journal of developmental
disabilities, 66(2) (2020) 113-121.

G. A Toto, P. Limone, Effectiveness and Application of Assisted Technology in Italian Special
Psycho-Education: A Pilot Study, Journal of e-Learning and Higher Education, Vol. 2020 (2020).



