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Abstract

This paper focuses on robots used in educational and therapeutical interventions for children with Autism Spectrum
Disorder. Children with autism show a different way of perceiving environmental stimuli, they interpret reality
based on the different cognitive and communicative styles that are often a source of discomfort. This work, based
on the studies carried out on the interaction between the robot and the child with autism, highlights how robots
(properly programmed) can bring benefits to children with sensory problems, and promote social interaction and
communication. The aim of the research is to implement the prototype named ASD-Robot already tested, in a first
test, at the “Collodi” primary school in Pagani in the province of Salerno, through interventions aimed at supporting
children who show difficulties in social interaction, paying attention to different sensory perceptions that character-
ize children with ASD and helping them to understand the surrounding environment.

11 presente articolo si concentra sui robot utilizzati negli interventi educativi e terapeutici per i bambini con disturbo
dello spettro autistico. I bambini con autismo manifestano un modo differente di percepire gli stimoli ambientali,
interpretano la realta in base ai diversi stili cognitivi e comunicativi che spesso sono fonte di disagio. Questo lavoro,
basato sugli studi effettuati sull’interazione tra il robot e il bambino con autismo, mette in evidenza come i robot
(opportunamente programmati) possono portare benefici ai bambini con problemi sensoriali, e promuovere I’intera-
zione sociale e la comunicazione. Scopo della ricerca ¢ realizzare il prototipo denominato ASD-Robot gia sperimen-
tato, in un primo test presso la scuola primaria “Collodi” di Pagani in provincia di Salerno, attraverso interventi volti
a sostenere i bambini che mostrano difficolta nell’interazione sociale, ponendo attenzione alle differenti percezioni
sensoriali che caratterizzano i bambini con ASD e aiutandoli a comprendere 1’ambiente circostante.
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Introduction

“Nowadays, in the European Union, assistive technologies (Besio, 2019) developed for
students with disabilities (Besio, 2006; 2020) are designed taken into account regulatory, health
and demographic aspects (EPRS, 2018a) in line with the International Classification of Func-
tioning, Disability and Health and they follow ICT trends market to be sure that all new technol-
ogies can provide a support or relief, in some way, to people with disabilities (EPRS, 2018b)”
(Campitiello, Todino & Di Tore, in press).

From a pedagogical point of view, assistive technologies represent an opportunity to change
the social representation of people with disabilities and achieve a process called assistive in-
clusion (When referring to assistive technologies it is possible to consider the classification
proposed by Andrich (2015): 1) prosthetic aids; 2) Orthotic aids; 3) Adaptive aids; 4) Environ-
mental aids; 5) Assistive aids; 6) therapeutic aids; 7) Cognitive aids. As regards accessibility,
the term “design for all” refers to standard technologies, while an individual assistive solution
corresponds to the “design for need” and responds to the targeted needs of individual cases
(Bitelli et al., 2016, p.12). “What characterizes more assistive technologies, from a pedagog-
ical perspective, is that they should have intensified the aptitude to find an innovative use of
a particular digital or mechanical technology to improve autonomy and resilience in a student
profile (Besio, 2020) and they should help us to better understand the amount of rules concern-
ing accessibility of different contexts, places, materials to encourage students inclusion and
participation of everyone during lessons at school (Castellano, 2019). in the outdoor activities,
school trips, museum visits, homework and so on and so forth.” (Campiticllo, Todino & Di
Tore, in press).

Robotic Assitive technology refers to robots designed to promote the development of skills
in people with disabilities (Encarna¢do & Cook, 2017, p.10) and both “industrial robots” and
“personal service robots” belong to this category. which also include assistive robots, robots
that favor social interactions and Socially Assistive Robots (Besio, 2019).

“The introduction of assistive technologies not only requires students to learn how to use
them but also necessitates teachers to know how to incorporate them into their teaching-learn-
ing processes” (Campitiello, Todino & Di Tore, 2020). At the University of Salerno, many re-
search works study the relationship between robotics and disability, starting with the DISUFFO
project (Di Tore, Todino & Sibilio, 2019) taking into account the complexity of man-machine
interaction (Todino, 2018).

1. Robotics and Autism Spectrum Disorder (ASD)

“In recent years, many studies have focused on the application of robotics in the field of dis-
ability, in particular on the use of robots for the development of social skills in individuals with
Autism Spectrum Disorder (Ricci et al., 2014; Cottini, 2013)” (Campitiello, Todino & Di Tore,
2020). Robots could be able to open a channel of communication with autistic children, favor
the acquisition of new social behaviors, becoming an inclusive assistive technology. Some stud-
ies show that autistic children prefer to interact with robots than their human partner (De Graaf
& Ben Allouch, 2013; Dunst et al., 2013), this is due to the predictability of the robot’s actions
which makes the interaction reassuring.

Recent studies have shown how the use of robots can bring benefits to children with sensory
problems, promoting social interaction and communication. Children with autism manifest an
inability to maintain eye contact with the person they are interacting with and this difficulty
affects the relationship dynamics but it has been shown that the use of robots in rehabilitation
sessions favors eye contact in children with autism (Robins et al., 2005). Robots can also help
children in tactile interaction by exploring touch in a controlled manner, as some hypersensitive
children refuse to touch their human partner. So robots can act as assistive technologies and take
into account the specific needs of each child, fostering the development of social skills in au-
tistic children through daily activities. So robots can act as assistive technologies and take into
account the specific needs of each child, fostering the development of social skills in autistic



children through daily activities.

On the basis of these assumptions, a robot was designed and built at the Lab-H of the De-
partment of Human, Philosophical and Education Sciences of the University of Salerno with
the aim of promoting the development of social skills in subjects affected by autism spectrum.
This robot is called ASD-Robot has the purpose of training to recognize and understand emo-
tions through the use of video games in order to encourage social interaction. The robot was
designed through the Rhinoceros CAD software and physically built with the use of the Prusa
MK3s 3D printer, using a modified PLA as a material to ensure higher mechanical strengths
and reduce production costs to be accessible to all users. In fact, the 3D model of the robot will
be made open-source on the site of the LAB-H of the University of Salerno, which contains all
the information and developments of the robot. As for the hardware and software part of the
robot, the Arduino Uno board is equipped to control the movements of the arms and neck of the
automaton. In the first version the robot was equipped with LED matrices on the face to be able
to express the different emotions, but later they were replaced by an LCD. In the next version,
some components of the robot have been taken from another Lab-H project, the DISUFFO (Di
Tore, Todino, Sibilio, 2019) robot, which is equipped with an Arduino Uno microcontroller and
a Raspberry Pi processor, so that they can be use both cards according to the different needs
of users. “It is also possible to customize the robot according to the different problems that a
possible child therapist highlights. Furthermore, it is possible to customize the robot according
to the different problems that a possible child therapist highlights” (Campitiello, Todino, Di
Tore, 2020).

ASD-Robot design
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Rendering of ASD-Robot

2. ASD-Robot: first test in primary school in Pagani (Salerno)

A first experimentation of the ASD-Robot prototype was carried out in a primary school
“Collodi” in Pagani in the province of Salerno. The trial took place in 2019, in the months of
March and April and involved a ten-year-old boy who was diagnosed with autism spectrum dis-
order. The ASD-Robot prototype was tested in a real environment to understand how it works
and to resolve any errors. During the period in which the observation was carried out, the sup-
port teacher and the therapist were present in the classroom, in fact, initially the robot only sup-
ported the therapist during the daily therapy sessions, and was subsequently also introduced in
other activities. Specifically, the child had difficulty in pronouncing and memorizing common
names and in understanding the concept of quantity, so even the transcription of numbers took
place mechanically. The child was assigned an educational program focused on the acquisition
of social rules and the names of various objects in order to be able to formulate simple personal
requests. The educational intervention for the child was based on the ABA (Applied Behavior
Analysis) method to reduce behavioral problems and encourage the acquisition of new skills.
In fact, the child had a systematic organization of the day, the actions he performed were based
on the rules previously established by the therapist, with moments of pause in which the child
could release all the tension accumulated during the exercises. The first day the robot was intro-
duced into the classroom, the child acted as if he hadn’t noticed the robot’s presence. When the
teacher asked him to express his feelings, the child expressed his curiosity by approaching the
robot to touch it and stare at the Leds on the screen. The first approach was positive, as the child
continued to be intrigued by the presence of the robot and was also attracted by the Led lights.
In the following days, during the therapy sessions, the robot formulated questions suggested by
the therapist to observe the child’s reaction. At first the child showed difficulty in understand-
ing the words spoken by the robot, probably because he was not familiar with the automaton’s
voice, but after further attempts he was able to answer all the questions correctly. Although,
the introduction of the robot in the therapy sessions generated a change in the child’s habits, he
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immediately accepted the robot’s company without showing any annoying attitudes. As for the
test on the recognition of different emotions, it was not possible to conduct this experiment, as
the child was not able to recognize emotions and facial expressions. Therefore, the Alpha test
highlighted a positive aspect in the interaction between the robot and the child, as the robot’s
support creates innovative situations that seem to reinforce the therapy. The next objective
concerns the possibility of extending the tests and making the robot interact with more autistic
children to assess whether these problems can vary over time through the support of the robot.

3. Perceptual and sensory development in autism

The ability to correctly perceive environmental stimuli is a central aspect in the social and
communicative dimension. Sensory experiences are relevant for perceiving the external envi-
ronment and operate through specialized sensory organs that are classified into exteroceptive
receptors (produced outside an organism) and enteroceptive receptors (produced within an or-
ganism) (Bogdashina, 2016). Further, the exteroceptive sensory organs are divided into distance
senses and contact senses. An example of remote exteroceptive sensory organs are hearing,
sight and smell, while the exteroceptive sensory organs in contact are taste and touch. Sensory
systems are usually divided into: sight, hearing, vestibular system, smell, proprioception and
touch. The sensory organs have the task of transforming sensory stimuli into electrochemical
signals processed by the brain. For this reason, knowledge of the world comes from our sens-
es through the process of perception that begins with sensation. Sensations vary according to
duration and intensity, and can be divided into affective (pain and pleasure) and representative
(taste, touch and smell) (Bogdashina, 2016). The ability to perceive the complexity of environ-
mental stimuli is not innate in the child but develops over time. Gibson (1969) identifies three
dimensions of cognitive development: 1) the increasing specificity of discrimination, ie in the
maturation phase, organisms restrict their reactions to a stimulus; 2) optimization of attention,
as perception changes evolutionarily; 3) increasing autonomy in the collection of information,
in which children learn to recognize an object by focusing on a few characteristics.

Although autistic children live in our own physical world, they have a different way of
perceiving the surrounding environment and manifest it through apparently meaningless be-
haviors. This different way of perceiving reality is the basis of peculiar communicative and
cognitive styles but also a source of discomfort (Bogdashina, 2016).

Since the 1970s, the different theories on probable deficits in Autism Spectrum Disorder,
such as the theory of mind (Baron-Cohen, Leslie and Frith, 1985), the theory of weak central
coherence (Frith, 2003) and the theory of deficit of executive functions (Ozonoff 1995), have
focused on cognitive development, believing that low-level perceptual processes are intact in
subjects with autism (Frith, 2003). In recent years, some researches (Doman 1984; Robbins,
2008; Cass 1996, Gense and Gense, 1994) have highlighted how sensory problems are at the
basis of the characteristics of this disorder. Studies on sensory deprivation (Doman 1984; For-
rest 1996) have shown how a sudden deprivation of sensory stimulation can cause autistic-like
behavior. Cass (1996) highlighted how social interaction disorders and motor stereotypies can
occur in a similar way in blind children and in children with autism. In fact, behaviors such
as rocking, rotating objects and continually touching them in a room are similarly present in
autistic children and children with visual impairments (Gense and Gense, 1994). The causes of
these ritual behaviors can be perceptive in nature, since through such behaviors autistic children
are able to perceive the surrounding environment and have greater safety. For this reason, much
research has focused on sensory differences in autism and how the latter affect behavior, lan-
guage acquisition and communication and social development (Bogdashina, 2013). Baruth et
al. (2010) hypothesize that the sensory gating deficit present in autism spectrum disorders, that
is, a disorder of the inhibitory function of the brain which consists in the inability to suppress
distracting stimuli towards irrelevant sensory inputs, could be linked to inadequate sensory pro-
cessing. This lack of filters can lead to sensory overload and lead to self-imposed sensory dep-
rivation with severe long-term psychological damage (Forrest, 1996). The way of perceiving
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the world of people with autism is different, they have unusual sensory experiences and seem
to perceive the world in a literal way without interpretation (Bogdashina, 2016). In addition,
people with autism manifest hypersensitivity, many incoming stimuli, or hyposensitivity to sen-
sory, i.e. few incoming stimuli. For this reason, they develop defensive strategies to safeguard
themselves from information overload through the acquisition of perceptual styles which are: 1)
mono-processing, that is, the brain processes information in only one way; 2) peripheral percep-
tion, such as the avoidance of the perception of some sensory systems; 3) the compensation of
an unreliable sense, for autistic children a single sense is not enough to give meaning to the en-
vironment; 4) resonance, some stimuli are fascinating and a resonance is generated with them;
5) daydreaming, such experiences are common in individuals with autism and are difficult to
explain (Bogdashina, 2016). Other sensory disorders may occur in children with autism spec-
trum disorders such as: synaesthesia, which consists of an involuntary experience that occurs
when a sensory modality is stimulated and triggers the perception of multiple senses; prosop-
agnosia, understood as the inability to recognize familiar faces and also linked to a difficulty in
understanding and expressing emotions; central auditory processing disorder (CAPD), which
includes hypersensitivity, hyposensitivity and the inability to modulate some sounds; Scotopic
sensitivity / Irlen’s Syndrome (SS / IS), that is a visual perception disorder that manifests itself
with sensitivity to light, narrow field of recognition, attention deficit and fatigue; sensory in-
tegration dysfunction (SID), developed by A. Jane Ayres to describe the various neurological
disorders and explain the relationship between behavioral deficits and sensory disorders; motor
coordination problems, such as motor aphasia, abnormal clumsiness, psychomotor deficiencies
and motor language are common in individuals with autism. Usually the educational interven-
tions for a child who receives a diagnosis of autism focus on the development of social and
communication skills, leaving out the sensory perceptual problems that can manifest them-
selves differently in each individual. This is due to the difficulty of detecting these problems in
children with autism as they are often “invisible” compared to cases of disability, such as blind-
ness (Bogdashina, 2016). For this reason, the context in which children are placed does not help
to face these sensory difficulties, which are different according to the sensory perceptual profile
of each individual. The presence of different perceptual profiles in children with autism makes
the choice of treatment program difficult, as it could benefit one child but harm another. In the
event that adequate treatment is not offered to address sensory issues, the child may implement
methods to compensate for this lack, such as stereotypical behaviors, aggression and self-harm
(Bogdashina, 2016). Therefore, it is essential that professionals working with autistic children
are able to understand the sensory differences of autism, in order to find the most appropriate
methods for interventions.

An approach that takes into account the sensoriality in the interaction between child, ther-
apist and robot

In autism spectrum disorders, the diagnosis is often accompanied by an anomaly in sensory
processing in terms of auditory, visual and tactile stimuli. In children with autism, these sensory
differences affect behavior, social interaction and language acquisition, as well as the way they
understand the environment around them.

Furthermore, it appears that children with autism show a strong interest in technologies,
and in particular robots, such sensory difficulties can be studied through the use of the robot in
a controlled environment. Robots can stimulate curiosity in children in general and in children
with ASD in particular (Dunst et al, 2013). These autonomous can reproduce personalized ges-
tures (by the therapist and the educator) and emit sounds (both vocal and musical) to favor the
comunication. In this way, the robot could support children who manifest hypersensitivity or
hyposensitivity to sensory stimuli, helping them to understand the outside world with specific
interventions. This vision of educational therapy is a possible version of didactic action in
which robots could be equipped with multisensory effects (such as lights, sounds and move-
ment) and multimedia contents. In this way the robot could act as Assistive Technology (AT)
and constantly support therapists and educators during the teaching-learning process. For this
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reason, the main goal is to redesign ASD-Robot taking into account the different “unusual”
perceptual experiences of children with autism. Furthermore, through the Alpha test, done in
Pagani, it was possible to test the prototype in a real environment and understand any changes
to be made. Specifically, ASD Robot will be implemented with coloured buttons, Led lights and
fabric. The coloured buttons have the function of providing an answer based on the activity that
the child performs, so just press the button of the right colour to answer correctly. On a tech-
nical and visual level, the Led lights that will cover the end of the robot will change the color
in reference to the activity and the function will be to offer the child different stimuli to create
a multisensory environment. At a sensory and tallile level, the robot will also be covered with
fabric that will be soft to the touch, allowing the child to explore the touch. In terms of control
and use, the robot can be controlled remotely, via the remote control integrated into a PC, in
order to manage the interaction and make the automaton perform the actions at the appropriate
time. Regarding the collection, storage and analysis of data concerning the child, the robot will
be equipped with software that allows it to collect the child’s sensory information, such as eye
tracking and recognition of facial expressions; in this way it is possible to monitor the progress
of the therapy and offer the opportunity for therapists and educators to observe the child when
he interacts with the robot. ASD-Robot will be made customizable according to the different
characteristics of the child (and of the educator or researcher), if for example it is particularly
sensitive to sounds or light, it will be possible to adjust the sensory information emitted by the
robot during the interaction to allow to reduce or expand them according to the characteristics
of the child. Besides, the robot will be able to interact with a series of stimuli designed to make
the child relive their daily experiences. Children with autism have an extremely inhomogene-
ous cognitive profile, for this reason any intervention needs to be customized on each of them.
Therefore, a custom-made robot can be modified according to the child’s therapy and it allows
the child to train daily in strengthening her/his abilities.

Conclusions

A first robot’s alpha test, intended as an experimentation of the initial prototype and above
all of its software and configuration (Campitiello, Todino, Di Tore, 2020), was done and it has
allowed to understand that the interaction between the robot and an autistic child, who has made
himself available for experimentation, and for this reason thanks his family, he was favorable
and the data will be published in the doctoral thesis. More in details, when this robot supports a
therapist, it seems to reinforce the therapy and create innovative situations for autistic children.
The next goal concerns precisely the possibility of extending this test to more autistic subjects
and understanding how these problems, especially at a social level, can vary over time through
support and interaction with the robot. The main challenge is to demonstrate the effectiveness of
the binomial robotics and autism, if robots are truly able to provide real relief from the isolation
that characterizes Autism Spectrum Disorder. ASD-Robot, as showed, was already tested at the
“Collodi” primary school in Pagani in the province of Salerno, starting from this point more fea-
tures will be coding to improve robot capability to support ASD children in sensory perception
and helping them to understand the environment around to improve social skills and interaction.

References

Andrich, R. (2015). Valutare, consigliare, prescrivere gli Ausili. | Quaderni della Fondazione
Don Gnocchi.

Baron-Cohen, S., Leslie, A. M., Frith, U. (1985). Does the autistic child have a “theory of
mind”?. Cognition, 21(1), 37-46.

Baruth, J. M., Casanova, M. F., Sears, L. e Sokhadze, E. (2010). Early visual processing ab-
normalities in high-functioning autism spectrum disorder (ASD), Traslational Neuroscience
1,2, pp. 177-187.

Besio, S. (2000). Tecnologie assistive per la disabilita, Lecce: Pensa Multimedia

14



Besio, S. (2019). Tecnologie Assistive. In: L. D’Alonzo (a cura di), Dizionario di Pedagogia
Speciale, Brescia: Scholg, pp. 356-364

Besio, S. (2020). Un virus uguale per tutti? Fuori dal velo, ricostruire I’inclusione Serenella,
Nuova Secondaria, n. 2, pp. 112-129

Besio, S. et al. (2020). Le tecnologie assistive per la disabilita tra attualita e innovazione: una
systematic review, in R. Caldin (a cura di), Le Societa per la societa: ricerca, scenari, emer-
genze sull’inclusione, I tomo, Sezione SIPeS, Atti del Convegno Internazionale SIRD, Pen-
sa Multimedia, Lecce 2020, pp.64- 72.

Bitelli, C., Guerreschi, M., Rossi, A. (2016). Manuale degli ausili elettronici ed informatici.
Tecnologie assistive a supporto della qualita della vita. Youcanprint Self-Publishing.

Bogdashina, O. (2013). Sensory theory in autism makes sense: A brief review of the past and
present research, OA4 Autism 1, 1, p.3.

Bogdashina, O. (2016). Sensory perceptual issues in autism and asperger syndrome: different
sensory experiences-different perceptual worlds. Jessica Kingsley Publishers.

Campitiello, L., Todino, M. D., Di Tore, S. (in press). ASD-Robot: come progettare un robot
stampato in 3D che tenga conto di un approccio educativo inclusivo per i bambini con Dis-
turbo dello Spettro Autistico, Carocci

Cass, H. (1996). Visual impairments and autism. What we know about causation and early iden-
tification. Autism and visual impairment Conference, Sensory Series 5, pp. 2-24.

Castellano, G. (2019). Comunicazione aumentativa alternativa e tecnologie assistive. Modelli
di riferimento, strumenti, esperienze, Bologna: Helpicare

Cottini, L. (2013). Che cos’¢ I’autismo infantile. Roma: Carocci

De Graaf, M. M. A. & Ben Allouch, S. (2013). Exploring influencing variables for the accept-
ance of social robots. Robotics Autonomous System, 61:1476-1486

Di Tore, S., Todino, M. D., Sibilio, M., (2019). Disuffo: Design, prototipazione e sviluppo di un
robot didattico open-source. Form@pre. Vol. 19 Issue 1, pl06-116. 11p.

Doman, R. Jr. (1984). Sensory deprivation, Journal of the National Academy of Child Devel-
opment 4.

Dunst, C. J., Trivette, C. M., Prior, J., Hamby, D. W., Embler, D. (2013). Parents’ Judgments of
the Acceptability and Importance of Socially Interactive Robots for Intervening with Young
Children with Disabilities. Social Robots Research Reports, 1: 1-5.

Encernagao, P., Cook A. M. (2017). Robitic Assistive Technologies. Principles and Practice,
Amsterdam (NL): Elsevier Mosby

European Parliamentary Research Service (EPRS), Scientific Foresight Unit [STOA] (2018
a). Assistive technologies for people with disabilities Part I: Regulatory, health and demo-
graphic aspects. PE 603.218

European Parliamentary Research Service (EPRS), Scientific Foresight Unit [STOA] (2018 b).
Assistive technologies for people with disabilities Part II: Current and emerging technolo-
gies. PE 603.218.

Forrest, D. (1996). A Glimpse of Hell, London: Amnesty International.

Frith, U. (2003). Autism: Explaining the enigma. Blackwell Publishing.

Gense, M. H., Gense, D. J. (1994). Identifying autism in children with blindness and visual
impairment, Review 26, pp. 55-62.

Gibson, E. J. (1969). Principles of perceptual learning and perceptual development, New York:
Appleton Century Crofts.

Ozonoff, S. (1995). Executive function in autism, in E. Schopler e G. B. Mesibov (eds.) Diag-
nosis and assessment in autism, New York: Plenum Press.

Ricci, C., Magaudda, C., Carradori, G., Bellifemine, D., Romeo, A. (2014). I/ manuale ABA-
VB-Applied Behavior Analysis and Verbal Behavior: Fondamenti, tecniche e programmi di
intervento. Edizioni Centro Studi Erickson

Robins, B., Dautenhahn, K., Nehaniv, C. L., Mirza, F. & Olsson L. (2005). Sustaining inter-
action dynamics and engagement in dyadic childrobot interaction kinesics: Lessons learnt

15



from an exploratory study. In Proceedings of the 14th IEEE International Workshop on
Robot and Human Interactive Communication, RO-MAN2005, Nashville, USA.

Robins, S. (2008). Total isolation, BBC documentary, 22 January.

Todino, M. (2018). La complessita dell 'interazione uomo-macchina, Roma: Aracne.

16



