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Abstract. Autism Spectrum Disorder (ASD) is an umbrella term that describes a
neurodevelopmental disorder that affects children’s ability to communicate with those
around them and to develop mutual relationships with them. There is a reduced social
interaction and communication observed, as well as limited, repetitive and stereotyped
behavior. The gradual increase over time of the prevalence of children evaluated with
ASD suggests the growing need to have a valid diagnosis in time, in order to develop
effective interventions. In the present work, the use of Robotics for the diagnosis of Autism
Spectrum Disorder is investigated. Technological developments in the last decade have
led to significant results in recording and decoding children’s behavior based on ASD
criteria. The use of robots to record and decode eye contact, speech and behavior, and/or
gestures of children with ASD can lead to more objective observations, improved
objectivity and reliability of the diagnostic process, cost reduction and more early
diagnoses. On the other hand, so far, the diagnosis by robots cannot work autonomously,
so in many cases the presence of a robot operator is considered necessary.
Key words: autism spectrum disorder, neurodevelopmental disorder, diagnosis
technology, special education, educational robotics.
Introduction
Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder that affects
people from birth and its symptoms appear in the early stages of development. It is a
complex developmental disorder with high levels of heterogeneity within the clinical
population, in terms of symptom presentation and severity (Grzadzinski et al., 2013: 1-6).
People with ASD show persistent deficits in social communication, social interaction, and
repetitive patterns of behavior, interests, or activities (American Psychiatric Association,
2013). The term “autism” was first used by the Swiss psychiatrist Eugen Bleuler in 1911,
etymologically derived from the Greek word “self”, and was intended to characterize
specific symptoms of psychopathology in people with schizophrenia, who tended to be
confined and cut off from contact with reality (Stotz-Ingenlath, 2000: 153-159). In the
sense it has today, it is first mentioned in 1943 by Leo Kanner and aims to interpret the
introversion of the child (himself) and the inability to communicate with the environment.
In general, in the early 1940s, Leo Kanner and Hans Asperger, through different research
conducted separately in different regions (USA, Germany), recorded cases of children
with social skills deficits, peculiar verbal development and stereotyping behavior (Lyons
and Fitzgerald, 2007: 2022; Merrick et al., 2004). Hans Asperger published his research
on children with similar characteristics in a newspaper, the year after Kanner's
publication, however, it was not until 1981 that Wing (1991: 93-121) published a paper
comparing Kanner's syndrome with Asperger's syndrome, and Asperger's disorder
JOURNAL ON MEDICAL EMPHASIS RESEARCH

18

Journal on Medical Emphasis Research
gained special recognition. Over the next 30 years, various diagnostic tools were
proposed to categorize some or all of the features described by Kanner (Wilmshurst,
2014).
The relevant term (ASD) is an umbrella term (Volkmar and Klin, 2005: 5-41), which
describes in DSM-V a number of related disorders (American Psychiatric Association,
2013), such as: Autistic disorder (Autism), Asperger's disorder, Childhood Disintegrative
disorder, Rett's disorder, and Pervasive Developmental disorder not otherwise specified.
Actually, ASD diagnosis should be given in individuals with DSM-IV diagnosis of autistic
disorder, Asperger’s disorder, or Pervasive Developmental disorder not otherwise
specified. Children diagnosed with autism are categorized in a wide range (Ismail et al.,
2019: 389-410). In the DSM-V (American Psychiatric Association, 2013), the autistic
spectrum is divided into 3 categories of severity, based on the level of functionality in two
domains (social communication and repetitive behavior):
– Level 1 – “Requiring support”,
– Level 2 – “Requiring substantial support” and
– Level 3 – “Requiring very substantial support”.
According to a recent research (Mazurek et al., 2019: 468-476), it was observed
that:
– 25% of children were rated as requiring support (Level 1) in both social communication
and repetitive behavior domains,
– 27% were rated as requiring substantial support (Level 2) in both domains, and
– 15% were rated as requiring very substantial support (Level 3) in both domains.
Asperger’s Syndrome, named after Hans Asperger, was commonly used to describe
either the less severe type of autism or variations in autism criteria, based on different
language ability (Wilmshurst, 2014). In the DSM-5 standard (American Psychiatric
Association, 2013), the term Asperger Syndrome has been abolished and now such
children belong to Level 1 (Requiring support) in ASD.
Characteristics of ASD
A key feature of autism and ASD in general are the difficulties faced by some
children in the field of social interaction and especially in eye contact, imitation and social
behavior (Amran et al., 2018: 1779). Children with ASD have difficulty maintaining eye
contact, usually looking elsewhere when talking to others (Dautenhahn, 2000). They also
have difficulty in imitating (Amran et al., 2018: 1779; Mundy and Crowson, 1997: 653676), which suggests limited cognitive and social skills in interacting with other people
(Ingersoll, 2008: 107-119), as well as limited social behavior, communication and
interaction with others (Mundy and Crowson, 1997: 653-676).
The most recent (5th) edition of the DSM-5 (Diagnostic and Statistical Manual of
Mental Disorders) of the American Psychiatric Association (2013, 50) includes diagnostic
criteria, divided into 2 groups:
– (I) “Persistent deficits in social communication and social interaction across
multiple contexts”, including deficits in: social-emotional reciprocity, non-verbal
communication behaviors used for social interaction, in developing, maintaining, and
understanding relationships.
– (II) "Restricted, repetitive patterns of behavior, interests, or activities”, including:
Stereotyped or repetitive motor movements, use of objects, or speech, insistence on
sameness, inflexible adherence to routines, or ritualized patterns of verbal or nonverbal
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behavior, highly restricted, fixated interests that are abnormal in intensity or focus, hyperor hypo-reactivity to sensory input or unusual interest in sensory aspects of the
environment.
The above symptoms should have been manifested in the early developmental
period of children and interfere with their daily functioning. Also, DSM-5 criteria for ASD
introduce a series of specifiers, such as intellectual impairment, language impairment, a
known medical or genetic condition or environmental factor, another
neurodevelopmental, mental, or behavioral disorder and catatonia.
Prevalence
The prevalence (frequency of occurrence and spread over a period of time) of
Autism Spectrum Disorders has steadily increased in recent years. For many years,
autism was considered a rare disorder with an incidence of between 5 per 10,000 people
in the 1960s and/or 6.5 per 10,000 children (CDC, 2020; Moldin and Rubenstein, 2006).
In the following years the ratio is estimated at:
– 1 per 150 children in 2000,
– 1 in 110 children in 2006,
– 1 in 68 children in 2012 and
– 1 in 54 children in 2016, the year with the most recent data available from the US
Centers for Disease Control and Prevention (CDC, 2020).
These data suggest that autism is more common than serious childhood diseases,
such as diabetes or even childhood cancer (Heward and Wood, 2006: 23-29). Autism is
more common in boys than girls in a ratio of about 4/1 and is independent of the socioeconomic status, race and nationality of children. In 2018, it was estimated by the US
Centers for Disease Control and Prevention that 1 in 42 boys are affected, as opposed
to 1 in 189 girls (Richardson et al., 2017: 30-39). On the contrary, in 2008 there was an
estimation of 1 in 54 boys compared to 1 in 252 girls (Baio, 2012). In the past, prevalence
rates varied between the United States and ranged from 5.7 to 21.9 per 100 children in
2012, compared to the latest figures of 18-19.1 per 100 children (CDC, 2020). Differences
in prevalence figures are largely due to (Volkmar and McPartland, 2014: 5-41):
– the evolution and broadening of diagnostic criteria,
– public awareness,
– greater recognition of ASD.
According to a recent survey in the United States, the mental capacity of children
with ASD is classified as follows:
– 31% of children in the range of mental disability (IQ < 70),
– 25% marginal (IQ = 71-85),
– 44 % on average and above average (i.e., IQ > 85).
Data vary by gender, race and ethnicity (Baio et al., 2018: 1-12).
Diagnosis of ASD and the need for early diagnosis
The diagnosis of autism is based on behavioral observations by experienced
clinicians, based on specific behavioral indicators of autism (Petric et al., 2018: 18500).
Some of the characteristics of ASD are observed even from the age of 12 months
(Zwaigenbaum et al., 2005: 143-152), although a reliable diagnosis can be made in
children of 18 (Eggebrecht et al., 2017: 1709-1720) or 24 months old (Steiner et. al., 2012:
1183). Particularly in the US, although developmental concerns are recorded for 85% of
children with ASD by the age of 36 months, only 42% have had a comprehensive
assessment by this age, suggesting the need for early diagnosis (Baio et al., 2018: 1-12).
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In addition, the mean age of the early known ASD diagnosis was 52 months and did not
differ significantly by gender, race or nationality (Baio et al., 2018: 1-12). The diagnosis
of ASD is mainly based on behavioral observations that in turn are based on:
– Criteria from the Diagnostic and Statistical Manual of the American Psychiatric
Association (DSM-5) (American Psychiatric Association, 2013).
– Examination of children, using the Autism Diagnostic Observation Schedule, and
the revised ADOS-2 (Lord et al., 2000: 205-223; Hus and Lord, 2014: 1996).
– Scale Rating Autism Rating (CARS-2) (Schopler et al., 2010).
– Interview with therapists, using the Autism Diagnostic Interview-Revised (ADI-R)
framework (Rutter et al., 2003: 30).
– The Modified Checklist for Autism in Toddlers (M-CHAT) (Robins et al., 1999).
– Autism Spectrum Rating Scales (ASRS) (Goldstein and Naglieri, 2009).
Despite the efforts made so far to improve and standardize the diagnostic
procedure, the variable nature of ASD and the onset of symptoms in early childhood
(Zwaigenbaum et al., 2015: 10-40), based on the developmental changes that take place,
have the effect of difficulties, observed in the recognition and diagnosis of ASD (Huerta
and Lord, 2012: 103; Posar et al., 2015: 146).
The diagnosis of ASD is a very difficult task, insofar as behaviors are subjective and
differentiate between individuals with similar characteristics (Ismail et. al., 2019: 389-410;
Posar et al., 2015: 146). It is based on the interpretation of current and previous
behavioral observations of an individual and his/her developmental characteristics, by
psychiatrists and in addition by specialists such as psychologists and speech therapists
(Yates and Le Couteur, 2016: 513-518). Studies show that the agreement between
clinical observations for autism and the DSM-5 criteria is satisfactory, although not always
if we refer to an earlier version of the DSM (Klin et al., 2000: 163-167). Also, they have
highlighted the need for further improvements (Posar et al., 2015: 146). Respectively, the
two tools (Autism Diagnostic Observation Schedule [ADOS-2] and Autism Diagnostic
Interview-Revised [ADI-R]) are based on the DSM-5 criteria and have been satisfactorily
tested for validity and reliability (Zander et al., 2016: 769-780; 2017: 219-227). In each
case, of course, a more detailed assessment is required (McPartland et al., 2012: 368383). According to the ADOS protocol, the following are specifically tested (Lord et al.,
2000: 205-223):
– the child's ability to respond when called by his/her name,
– the existence of common attention,
– the request for play and the target of functional imitation.
The diagnosis of ASD in early developmental stages can lead to early intervention
and higher functionality of the child later, significantly increasing the long-term benefits of
clinical treatment (Landa, 2018: 25-39; Rotholz et al., 2017: 20161061). In particular,
researches asking parents about the ASD diagnosis process for their child have found
that although parents firstly seek a diagnosis when the child is 3.9 years old (on average),
the final diagnosis is not received until the age of 7.5 years (Bartlett et al., 2020: 81).
Consequently, one way in which the diagnostic process could be improved would be to
reduce the time required from when parents initially seek diagnosis until receiving the
final diagnosis (Crane et al., 2016: 153-162).
Diagnosis using robots
There is a large number of studies in the international literature that focus on the
treatment of autism spectrum disorder using robots (Billard, 2003: 259-269; Bonarini et
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al., 2016: 823-830; Cabibihan et al., 2013: 593-618; Dautenhahn et al., 2002; Diehl et al.,
2012: 249-262; Huijnen et al., 2017: 278; Shamsuddin et al., 2012a: 1533; 2012b: 1448;
Simut et al., 2016: 113-126; Wainer et al., 2014: 45-65; Wood et al., 2017: 53-63). Robotic
interventions in people with autism aim at the following behaviors (Cabibihan et al., 2013:
593-618): imitation, shared attention, sequence rotation, recognition of emotions and
expressions, initiation of interaction, and ternary interaction. Issues that are specifically
studied: eye monitoring, speech detection, speech analysis, posture monitoring, gesture
monitoring, facial expressions, object detection, sound detection, specific events (Bartlett,
et al., 2020: 81).
Many research efforts have been also made in the field of robotic ASD diagnosis
(Arent et al., 2019: 652-656; Bartlett et al., 2020: 81; Neto et al., 2019; Petric and Kovacic,
2020: 371-388; Petric et al., 2018: 18500; Ramirez-Duque et al., 2019: 267-281;
Scasselati, 2007). The introduction of robotics in the field of ASD diagnosis is not intended
to replace the evaluations performed by specialist physicians, but to facilitate access to
evaluations that will be done in a timely manner, at a lower cost and more efficiently,
based on more objective decision-making or measurement procedures (Bartlett et al.,
2020: 81). Possible uses of robots for the diagnosis of ASD are (Scasselati, 2007; Tapus
et al., 2007: 35-42).
– The existence of robots can contribute to the design of social reactions, so that the
participants’ responses and behaviors can be used in diagnosis. In particular, the
presence, absence or quality of each answer is checked. This approach is similar to the
social reactions used in the Autism Diagnostic Observation Scale (ADOS). It has also the
added advantage that there is the same reaction to all interventions, thus increasing the
reliability of the intervention, e.g., a robot may be programmed to assume the role of a
bubble weapon, producing bubbles in order to elicit an interaction between the child and
the examiner (Feil-Seifer and Mataric, 2009).
– The robot can provide quantitative measurements of behaviors that are diagnostic
features of this disorder. Through observation, robots can record behaviors, either directly
or indirectly, to decode social behaviors (for example, tone of voice or eye contact)
through qualitative measurements.
An important element for the diagnosis of autism is the categorization based on
criteria, according to the literature, into: mild and severe autism, high and low-functioning
autism or based on the criteria of DSM-5 at severity levels 1, 2 or 3. This distinction can
contribute to the choice of the type of human-robot interaction to be used, because
different categories of children on the autism spectrum require different types of
interaction. Namely, children with severe autism have difficulty to engage in a simple
interaction designed for children with mild autism and can react very aggressively to the
robot (Ismail et. al., 2019: 389-410). In case that robots are used for the ADOS-based
evaluation process, the following are tested (Petric and Kovacic, 2020: 371-388):
– the child’s ability to respond when called by his/her name and visual contact is
detected by the robot,
– the child’s ability for shared attention when shifting his/her attention from one robot
to another and there is a positive response through contact with other robots,
– the game request: indicates the simultaneous communication of multiple channels,
e.g., vocal stimulation of the child and visual contact in coordination with handshakes and
body gestures, in order to assess the child’s ability to communicate in many ways
simultaneously,
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– the assessment of the child’s ability to imitate simple actions, a process that may
consist of imitations of secondary tasks with two objects: e.g., a toy frog and a cup.
In this research there are positive results for the diagnosis through robots, to the
extent that the results of the evaluations from the model MOMDP (Mixed Observability
Markov Decision Processes) were compared, through an experimental session, with
typically developing children and children with ASD (Petric and Kovacic, 2020: 371-388).
Research efforts to diagnose ASD focus primarily on eye contact, vision, and analysis of
the behavior and gestures of children with ASD.
Eye contact
Research into the diagnosis of autism at an early age, through the observation of
infants’ eyes, has been going on for 13 years and is based on the fact that children usually
develop typical ways of focusing on the movements of others during their development,
before they even learn to speak, especially on the face and eyes of their caregiver
(Scassellati, 2007). The behavior of children with ASD is not a consequence of biological
movement; on the contrary, children with ASD are oriented towards unpredictable nonsocial behaviors (Klin et al., 2009: 257-261). With the use of technology, differences in
eye contact can be observed during eye monitoring (Magrelli et al., 2013: 840; Swanson
and Siller, 2013: 1087), often difficult for researchers to detect when comparing results
with the common attention of typically developing children and children with ASD. Eye
monitoring in populations with ASD is used primarily to detect atypical behaviors, rather
than to interpret internalized conditions, and to identify relevant diagnostic behavioral
evidence (Bartlett et al., 2020: 81).
Speaking
There are two main types of speech in the context of ASD diagnostic criteria: speech
presence/absence detection and speech content processing (consisting of reference
speech detection, keyword recognition and comprehension) (Magrelli et al., 2013: 840;
Bartlett et al., 2020: 81). The best possible recording of speech usually requires the use
of multiple microphones (Athanasopoulos et al., 2015: 129-153; Magrelli et al., 2013:
840). In any case, children with ASD participate in fewer conversations and produce fewer
voices than normal children (Warren et al., 2010: 555-569). A child’s level of vocal
development can explain differences in language use and predict the use of spoken
language for children with ASD (Plumb and Wetherby, 2013: 721-734), even under
different conditions (Yoder et al., 2013: 103-107). It should of course be checked whether
the existence of different language environments by the adults a child grows up with (e.g.,
different number of words produced by adults) can affect a child’s language development
and, therefore, cause confusion in estimates about speech in children with ASD (Bartlett
et al., 2020: 81). Although the diagnosis of autism through voice analysis is still in its
infancy (Schmitt et al., 2016: 1-5), automated speech recording can help in this direction,
as clinicians do not need to listen to and record manually a child’s speech, since they can
evaluate his/her speech during physical interactions in his/her daily life (Bartlett et al.,
2020: 81).
Behavior and gestures
For a child with ASD, social behavior is very difficult and unpredictable and therefore
may seem threatening (Arent et al., 2019: 652-656). Monitoring a child’s behavior in real
time during a clinical evaluation can provide very important data (Bartlett et al., 2020: 81).
For example (Petric et al., 2018: 18500), the effectiveness of an autonomous robot
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protocol for performing diagnostic activities with children has been successfully tested.
These activities included the robot:
– detecting if the child was playing with a toy before attracting the child’s attention
(calling it by name),
– directing a child’s attention to an object (common attention), and
– checking if the child would mimic actions using functional objects (functional
imitation).
A framework has also been designed that combines an image recording system with
automated parsing of non-verbal cues and scalable architecture to automatically record
common-sense events and eye-contact patterns (Ramirez-Duque et al., 2019: 267-281).
Tracking objects, based on visual data in each case, is widespread, by using algorithms
(Jia et al., 2014: 675-678). Behavior monitoring may include face detection, recognition
and monitoring of head posture, gaze, and assessment of visual focus. The only problem
recorded is the inability to capture an image when the child is covering the recording
camera, otherwise, therapist or robot interventions can be overcome by using multiple
cameras (Ramirez-Duque et al., 2019: 267-281).
Results and Discussions
Brief results from the use of Robotics in the diagnosis of autism include:
– Robotics can contribute to the diagnosis of ASD, by operating consistently and
reliably in the quantification of behavior if it goes beyond the currently observed ways of
observation and offers clear advantages to clinicians in evaluating the symptoms of ASD
(Bartlett et al., 2020: 81; Nazneen et al., 2015: 68; Petric and Kovacic, 2020: 371-388;
Ramirez-Duque et al., 2019: 267-281).
– The need to develop technological applications in order to improve the diagnostic
process for children with developmental disabilities, such as ASD, is highlighted. In
particular, the need to record behavior through the creation of algorithms that will help to
decode internalized situations and the development of a protocol for the use of robots in
the diagnosis of ASD, with adaptations to different behaviors of children (Bartlett et al.,
2020: 81; Petric and Kovacic, 2020: 371-388; Ramirez-Duque et al., 2019: 267-281). For
example, it is important to quantify behaviors such as: patterns of verbal expression,
physical and emotional involvement, preferences for objects or events (Ramirez-Duque
et al., 2019: 267).
– Coding the prior knowledge and experience of specialized evaluators could help
to contribute to the development of automated methods, a process that requires, among
other things, the application of cognitive models to characterize human behavior (Bartlett
et al., 2020: 81).
– Robotics can help to reduce the evaluation time and improve process efficiency,
so that diagnoses become more reliable (with the application of standard technologies)
and affordable (Bartlett et al., 2020: 81; Petric and Kovacic, 2020: 371-388; RamirezDuque et al., 2019: 267-281).
– The limitations that exist refer to the possibilities provided by sensor technologies,
e.g., when there is coverage of some sensors, but mainly when interpretation of the
recorded behavior is required (Bartlett et al., 2020: 81; Ramirez-Duque et al., 2019: 267281). The accuracy of detecting social behavior cannot be very high when the robot is
fully autonomous, instead it needs an operator to make the necessary corrections (Petric
and Kovacic, 2020: 371-388).
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– Some issues arise regarding the automation of the diagnosis of ASD, as well as
the role of social robotics in the diagnosis of ASD, to the extent that it seeks to
characterize human behavior from observable aspects (Bartlett et al., 2020: 81; Petric
and Kovacic, 2020: 371-388; Ramirez-Duque et al., 2019: 267-281).
– The urgent need to analyze the child’s behavior in physical conditions (Neto et al.,
2019), with free play (Petric and Kovacic, 2020) and/or with the presence of a caregiver
(Ramirez-Duque et. al., 2019: 267-281) is highlighted, possibly with more sessions,
helping to improve the validity of the evaluation process (Neto et al., 2019; Petric and
Kovacic, 2020: 371-388; Ramirez-Duque et. al., 2019: 267-281).
– An important issue is the accessibility of professionals in terms of the availability
of new technology, its ease of operation and its cost (Bartlett et al., 2020: 81).
In any case, the use of robots in the diagnosis of ASD helps to improve the traditional
tools used in diagnosis (Ramirez-Duque et al., 2019: 267-281). On the other hand, the
need to interpret diagnostic results is recognized, even when clear criteria are provided
by the therapist and there is substantial technological progress (Bartlett, et al., 2020: 81).
The possibility of robots performing diagnostic functions autonomously in the near future
is unlikely. A more likely scenario is for robots to be part of the autism diagnosis process,
to be present in an area with multiple sensors, and to help monitor the child and observe
his or her behavior (Petric and Kovacic, 2020: 371-388).
Conclusion
In the present work, an attempt is made to record the latest research data, regarding
the use of robotics for the diagnosis of ASD. ASD characteristics include deficits in social
interaction, social communication, and repetitive patterns of behavior, interests, or
activities. The increasing prevalence of ASD in recent decades, as well as the need to
implement a comprehensive intervention program, intensifies the need for early
diagnosis. Robotics can work effectively in the diagnosis of ASD, to the extent that it
contributes to the quantification of human behavior, in the formulation of standards, based
on the recognized diagnostic criteria of ASD, in reducing diagnostic costs but also in
increasing the validity and reliability of the diagnostic process. On the other hand, the
limitations of the application of technology must be taken into account. The diagnosis of
ASD by autonomous robots may not be considered an immediately feasible practice, but
the possibilities offered by the new technology are very important in standardizing the
diagnostic process and improving the whole approach.
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