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Abstract

The integration of robotics in special education, particularly for children with autism
spectrum disorder (ASD), has demonstrated promising outcomes in fostering social,
communication, and academic skills. This article examines how robotics addresses the
unique challenges faced by children with ASD, emphasizing socially assistive robotics
(SARs) as tools to improve social interactions and reduce the difficulties these children
face in traditional educational settings. While skepticism exists regarding the replacement
of human educators with robots, studies show that robots can complement teaching by
providing consistent, non-judgmental, and engaging environments for skill development.
Research highlights the potential of SARs to model social behaviors, promote interactive
learning, and assist in therapy sessions. Child-friendly designs, such as humanoid or
animal-like robots, have proven effective in engaging children with ASD. However,
limitations persist, including small sample sizes and a lack of robust clinical trials. Most
research in this field focuses on technological advancements rather than evaluating the
efficacy of robots in real-world educational contexts.

Despite these challenges, robotics offers significant potential for creating inclusive
learning environments and enhancing the quality of education for children with unique
learning needs. The article calls for further research to optimize the integration of robotics
into educational and therapeutic frameworks, ensuring equal opportunities and societal
inclusion for individuals with ASD.
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AinHas LLaTtepu', Moxammag TaxaH? D<]
' MexgyHapopHbii yHuBepcuteT Onopugbl, Manamu, CLUA
2 TerepaHckuii yHuBepcuteT, TerepaH, MpaH

Po6oTOTEXHMKA B CrieLmanbHOM 06pa3oBaHuu:
AETUN C PaCcCTPOMCTBOM ayTUCTUUYECKOTO CNeKTpa

KoH$NUKT nHTepecoB: He 3aAB/eH.

Bknap aBTopoB: Moxammap TaxaH — naea v Au3aiH UCCNefoBaHWA, MOUCK NUTePaTypbl, HanMcaHne NepBOro BapuaHTa py-
Konuck, paspabotka metogonoruu; AinHas LLlatepm n Moxammap TaxaH — peflakTpoBaHue 1 yTBePKAEHNE OKOHYATeNbHOro
BapuWaHTa CTaTbU.

BnaropapHOCTb: aBTOPbI BblPaXKaloT NPU3HATENIbHOCTb BCEM YYaCTHUKaM UCCIIeA0BaHNA.

3anABNeHMe 0 JOCTYMHOCTN AAaHHbIX: HeobpaboTaHHble AaHHble, MOATBEPXKAaloWMe BbIBOAbI 3TOW pykonucK, byayT npefo-
CTaB/eHbl aBTopamm 6e3 HeonpasJaHHbIX OFOBOPOK JII060MY KBanM$ULMPOBaHHOMY NCCefoBaTeNIo.

MopaHa: 12.12.2024

MNpwuHaTa: 28.01.2025
KoHTakTbl: t. nohammad2@gmail.com

Pesiome

WNHTerpaumsa poboToTeXHVKM B creumanbHoe 0bpa3oBaHre, 0COOEHHO anA aeTel ¢ pac-
CTponcTBOM ayTuctuyeckoro cnektpa (PAC), npofeMoHCTprpoBana MHoroobellaioLme
pe3ynbraTbl B Pa3BUTUN COLMANbHbIX, KOMMYHMUKATVBHbBIX U aKaJeMUiyeCknX HaBbIKOB.
B 3ToOM cTaTbe paccmaTprBaeTcs, Kak poOOTOTEXHUKA peLlaeT yHMKasbHble Npobnembl, ¢
KoTopbiMu cTankmBatotca getn ¢ PAC, yaenasa ocob6oe BHYMaHMe coumanbHO-BCroMora-
TenbHOW poboToTexHuKe (SAR) Kak MHCTPYMEHTY ynyulleHVA CouManbHbiX B3auMoAen-
CTBUI N YyMEHbLUEHWA TPYAHOCTEN, C KOTOPbIMY 3TV [eTU CTaNK1BaOTCA B TPAAULNMOHHbIX
obpa3zoBaTesibHbIX yuperKaeHUAX. XOTA CyLecTByeT CKeNTULM3M OTHOCUTENIbHO 3aMeHbl
npenopasateneli poboTamu, NCCNEAOBaHMA NOKA3bIBaALOT, YTO POOOTLI MOTYT JOMONHATD
obyyeHure, obecneurBaa nocnefoBaTeNbHYO, HEMPEAB3ATYIO U YBEKaTeNbHYO cpeny
[J1A Pa3BUTMA HaBbIKOB.

WccnepoBaHmna noguepkmBaioT noteHuman SAR ana mogenmpoBaHusa coLuanbHOro nose-
LEHUA, COOENCTBUA NUHTEPAKTUBHOMY O6YUYEHNIO 1 MOMOLLU B TepaneBTMYECKMX CeaHcax.
Yno6Hble ona peTeit KOHCTPYKUUW, Takne Kak poboTbi-ryMaHOWAbI UV XXUBOTHbIE, [JOKa-
3anu cBoto 3¢pdeKTUBHOCTL B NpuBneveHnn getenn ¢ PAC. OgHaKo coXpaHATCA orpaHu-
yeHus, B TOM ymcie Hebonblumne pasmepbl BbIOOPKN U OTCYTCTBUE HAZEXHbIX KNMHMYe-
CKUX MCCnefoBaHNA. BONbLWIMHCTBO MCCNefoBaHMI B 3TON 06NnacT COCPefOTOYEHO Ha
TEXHONTOMNYECKUNX JOCTUXEHNSAX, @ He Ha oLeHKe 3$deKTVBHOCTU POOOTOB B peanbHbIX
0b6pa3oBaTesibHbIX KOHTEKCTax.

HecmoTps Ha 3TM npobnembl, po60TOTEXHMKA NpeaiaraeT 3HauYNTENbHbIA NOTeHUMan AnA
CO3[aHMNA VHKII03MBHOW cpefbl 06y4YeHVA 1 MOBbILEHUA KayecTBa 06pa3oBaHuA AnA
[eTel C YHUKaNbHbIMU NOTPEOHOCTAMM B 00yueHUn. CTaTbsA MPU3bIBAET K AaNibHENLLUM
NcCnefoBaHUAM ANA ONTUMK3ALMM MHTErpaumny poboTOTEXHUKN B 06pa3oBaTefbHble 1
TepaneBTNYecKme pamkm, obecrneyeHnsa paBHbIX BO3MOXXHOCTEN 1 COLMANbHON UHTerpa-
umm gna nogen ¢ PAC.

KnioueBble cnoBa: po60TOTEXHUKA, CMeuranbHoe obpasoBaHue, PAC
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B INTRODUCTION

Many specialists are needed in today’s high-tech world because of the importance
of providing high-quality instruction in special education. Teachers in the field of
special education are prepared to help children with autism through early intervention.
Unfortunately, many students with special needs do not receive the optimal enrichment
they need because of high expectations and insufficient classroom resources. Special
education programs may fail if individuals are forced to use antiquated tools. However,
owing to robotic technologies, teachers can utilize cutting-edge innovations to facilitate
students’ learning while exposing them to fascinating, thought-provoking, and socially
enriching situations [1].

Children who have been diagnosed with autism spectrum disorder (ASD) may face
significant challenges when attending regular school. These kids require an unstructured,
tolerant, and enriching setting to practice social skills such as making friends, working
with others, and finding solutions to issues. This might be a challenging situation for
children with autism spectrum disorder. However, there is a helpful resource that may be
used in the classroom [2]. Children on the autism spectrum will benefit from engaging in
constructive, enjoyable practice of these skills with robotic technology. When the next
generation of children with special needs arrives, many obstacles will be eliminated thanks
to using robots in special needs education. Robotic advancements will play a vital role in
the future of education, with far-reaching consequences for all three of these spheres of
human endeavor [3].

Some people doubt the effectiveness of robotics as an aid for those with autism, and
this has historically given robotics a lousy name. Some parents are wary of introducing
their kids to robotics because of the negative connotations associated with the technology
and the concern that their kids may be replaced by "nonhuman" machines. However,
this prejudice quickly fades as more people learn about the numerous advantages and
prospects robots present. Because children with ASD exhibit a wide range of symptom:s,
from communication difficulties to inappropriate responses to specific social cues, it is
crucial to provide them with an environment where they can feel comfortable making
mistakes and trying new things without fear of being penalized. However, robots are
increasingly taught to assist with these and other difficulties [4].

While it is true that machines will never be able to replace human educators, there’s
no denying the great strides that have been made in education thanks to the advent
of the digital era. Thanks to the usage of robotics in education, teaching professionals
can benefit from increased opportunities for assessment, observation, and analysis of a
student’s performance. Education is given high priority because the future needs in the
realm of education are difficult to forecast. This makes it especially difficult to teach pupils
with special needs; thus, it is helpful to have a variety of aids at one’s disposal [5].

For the benefit of students with special needs, roboticists and software developers are
working on creating robot-assisted instructions. Children with learning impairments will
benefit from these robots because they can naturally learn the fundamentals that most
people acquire. Furthermore, parents are in a promising new era of interactive education
ahead of them thanks to robot-assisted instruction. Interactive robots are the wave of the
future when it comes to helping children with autism spectrum disorders. Therapists and
educators are currently using the newest robotics technology as a tool in their work with
patients [6].
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These robotic systems allow far more robust contact than is occasionally obtained
with only conventional instruction in special education, and they are still being developed
and improved. When children’s activities become more disruptive through their learning,
robots that encourage open communication could be the solution. When technology is
improved, parents will have more options for their children’s education and upbringing.
Participating in this program could alter A child’s life, which would better prepare them for
elementary school and teach them essential life skills. Roboticists are developing systems
that can assist therapists in helping patients develop social and communication skills [7].
Taking such a novel approach will allow the robot to mimic the stimuli that people with
autism experience in other settings. The child’s attention can then be directed toward the
encounter rather than the lack of response, providing a more nuanced understanding of
the social context [8].

This technological innovation is a giant step forward in science. The use of robots to
teach students with autism spectrum disorder is a revolutionary step forward in the field
of special education. Parents, caregivers, and educators who want their students to learn,
grow, and have the greatest possible developmental experience should be aware of the
benefits of robotics in special education.

Educators may convey the joy and creativity children need to study by utilizing
various technologies, such as robot-assisted instruction, to improve the learning and
socialization experience. Robotics can help students with unique needs in multiple
ways. Technology can make a significant difference in the effectiveness of science and
math instruction for students with autism who are failing. Educators can encourage
students to explore technology and accept its benefits by creating an engaging, hands-
on classroom setting [9]. Engaging children with autism or other learning impairments
in meaningful activities would be one of the most significant contributions robotic
assistive technology could ever make to society, helping them overcome the difficulties
they experience daily. These obstacles frequently prevent kids from obtaining the
education they need to thrive later.

B THEORETICAL REVIEW

A study by Kumazaki et al. suggested that autistic children’s performance improved
when a robot was present with a human partner [10]. Participants’ages ranged from five
to six years, and their results showed that they had improved their social communication
skills. As aresult, educatorsin both the general and special education sectors are compelled
to experiment with new teaching approaches to stem the tide. Even outside the regular
school day, instructors put in extra work to reassure parents that they are doing well. To
ensure that no child with ASD falls behind, educators and researchers are exploring the
possibilities of technology-driven therapies by testing evidence-based strategies in rapid
succession.

Several professionals have recognized the potential power of the widespread
introduction of technology into special and inclusive education. Sensory aids, adaptive
software, and other forms of augmentative and alternative communication have all been
proven to help students with special needs perform better than they do now. Robotics
and other cutting-edge technologies help students on the autism spectrum respond to
feedback from their surroundings in social and interactive settings. The fields of education
and medicine are increasingly focusing their attention on robotics. Positive results have
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been found in trials investigating its usage to aid young people with autism spectrum
disorder [11].

However, like any new method or technology, robotics has been criticized for not
helping students with autism spectrum disorder (ASD) learn and progress in the classroom
enough. Arguments were presented citing the work of Alcorn et al. [12], with a focus on
three main points: (1) that robots are seen as uninspiring but still allow for free participation
in responses; (2) that robots serve a similar purpose to existing tools and are thus seen as
indifferent to what teachers are currently using; and (3) that robots must be customized
depending on the curricular goals to target before their adoption. This study’s reasoning
counters the widespread conclusions drawn by other studies about the best ways to put
certain technologies to use in the classroom. The same authors note that while robots may
increase children’s readiness to process information, they may also discourage them from
interacting with their teachers and peers, leaving a void for educators and practitioners
to decide whether robotics could realistically result in statistically significant outcomes in
the learning process of children with ASD.

Autism spectrum disorder (ASD) is characterized by apparent deficits in socialization,
especially in children’s capacity for social and emotional reciprocity, interaction, and
nonverbal communication. This is supported by the diagnostic criteria in DSM 5, which
highlight "persistent deficits in social communication and social interaction across multiple
contexts" [13] in children with ASD. This is followed by symptoms that are diagnostic of the
iliness, such as a failure to make eye contact, a lack of ability to imitate, a failure to follow
directions, a failure to participate, a lack of empathy, and inadequate facial expressions.

Remarkably, several of the studies included in this meta-analysis specifically addressed
these manifestations within the context of social skills. Despite their limitations, this
approach made it possible for the study participants to develop social skills typical of their
age group.

There is a wide range of options available for children with ASD who have the goal of
improving their most troublesome skills.

Wittke et al. reported that children with ASD may also exhibit language impairments or
issues, especially in the area of pragmatics, whichis crucial for effective communication [14].
Furthermore, students on the spectrum often have linguistic delays [15] due to language
code processing and social context analysis difficulties. The inability to comprehend data
or grasp ideas is not included among the cognitive deficits that constitute a diagnosis of
ASD. However, it should be noted that some children with ASD have difficulty reaching
their full potential in areas of executive functioning, such as planning, problem-solving,
and reasoning [16]. These justifications confirm that people with ASD have language
and cognitive difficulties; thus, using these factors as variables in some of the amassed
robotics-based studies can help this disabled population reach its full potential; this is
especially true when the results of these studies generally show positive effects after the
introduction of robots to children with ASD.

Educators and practitioners have been scrambling to find a solution to the rising
number of children identified with ASD so they can help these kids develop better
adaptive and functioning skills. Robotics is a potentially helpful tool in the treatment and
education of children with autism spectrum disorder. To better understand the potential
of robotics for assisting children with ASD and its prospective implications for children’s
learning performance, the present research involved a meta-analysis.
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B THE CHALLENGES FACED BY CHILDREN WITH AUTISM
SPECTRUM DISORDER

Young children on the autistic spectrum tend to respond positively to small child-
sized robots with simplified human-like characteristics and monotonous voices because
these robots provide predictable, consistent behavior and minimal sensory input [17].
However, some therapists and teachers have been skeptical of the employment of robots
in educational and clinical contexts [18]. One contributing factor is that most existing
studies have not followed accepted research protocols. For instance, many studies do not
include a control group, and their sample sizes are petite (often five people or fewer) [19].
Although the tendencies shown by these small sample sizes are helpful, extrapolating
the results (typically from a single encounter to the robot) to draw sweeping conclusions
about the impact of robots on the educational or therapeutic outcomes of children
and adolescents on the autism spectrum is not compelling [20]. Educators have raised
concerns concerning their understanding of autism and their ability to instruct pupils
on the spectrum [21]. Teachers’ self-assurance and students’ grasp of the material benefit
when they can access materials designed to help them [22]. There is a lack of data on
how teachers of students on the autism spectrum feel about the introduction and use of
robots in the classroom, and there are few professional development programs designed
to prepare teachers for using robots in the school [23].

Educators and policymakers are becoming increasingly interested in studies
investigating the hopes and fears of adults on the autism spectrum and the instructors
and therapists of adolescents on the autism spectrum regarding using robots to enhance
learning and teaching. Educators and therapists for autistic children and young people
have expressed optimism that this technology may prove helpful in the classroom [24].
However, there is a lack of participation in the research process and a paucity of data
about the perspectives and experiences of people on the autistic spectrum.

B SOCIALLY ASSISTIVE ROBOTICS

A social assistance robot (SAR) is a robot that helps its human companions in a social
context [25]. This means that robots have the potential to perform a variety of interactions
that can fulfill a clinical role without the need for a trained professional or with minimal
contribution from the professional’s time and that the SAR educates and feeds back to the
user while playing the role of coach and monitoring the treatment’s progress. Assistive
robotics (AR) are similar to SARs in concept but are typically employed in rehabilitating
patients with physical impairments or disabilities through direct physical interaction
and the execution of suitable activities designed to aid the user’s physical movement.
Wheelchair robots, mobility aids, companion robots, manipulator arms, and instructional
robots are good examples of augmented reality. Socially interactive robotics (SIR) is
a subfield that shares some conceptual similarities with SIR. The capacity to engage is
central to these robots; this interaction can advise the user by imitating social interaction,
but the robots are not intended to provide actual aid to humans [26]. Robotic toys are
one such example since they can mimic the user’s expressions and movements and even
mimic what the user does with their face and body. Individuals’language, body language,
and other fundamentals of social interaction with robots and humans are compared
and contrasted using these robots. To aid human users, SARs have the unique quality of
including social interaction features [27].
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Socially assistive robots (SARs) are similar to assistive IRs in that they both help
humans, but SARs aid in social interaction rather than physical movement. While SIRs are
designed to match their movements to the user’s interactions with the robot, SARs aim to
use familiar and effective interactions to help the user make measurable progress in areas
such as rehabilitation, recovery, and academic studies [28].

A robot must meet significant requirements to be used as a SAR; it must be able to
see its surroundings, interact with humans, exhibit proper social signs, and communicate
with humans. Because of these unique characteristics, a SAR can be used to educate
or model socially desirable behaviors, helping children with ASD who have problems
communicating due to a lack of developed language and social skills.

Anintegral part of SARs is designing a robot with a child-friendly aesthetic so that it may
be used effectively in the treatment of children with ASD. Humanoid robots, animal-like
robots, and machine-like robots (nonbiomimetic) with the ability to mimic human facial
expressions and gestures have been produced. Humanoid robots can help children with
autism spectrum disorder (ASD) learn social skills by providing social cues that are highly
realistic simulations of those offered by real people. The robots can also be programmed
with applications that give the kids experience with the necessary interpersonal skills [29].
Robots designed to look like simple animals or cartoon characters are also being created
to help children with autism spectrum disorder (ASD) learn social skills, in addition to the
more traditional applications already available [30]. Examining the practicality of SARs,
we find that many of them include things such as lights or a song to provide positive
reinforcement to children with ASD and that SARs may be programmed with various
movements and gestures to maintain the children’s attention. Sharp features should
be avoided in robots, and the danger of them being knocked over or falling should be
considered, as some children with ASD also exhibit hyperactivity and impulsive behavior.
SARs should be configured to be more active than passive, and they should be able to
communicate with the patient even when the therapist is not present [31]. A robot can
never fully replace a human therapist. Human therapists are still an integral element of
the therapy system for the time being because robots are not yet as adept as humans at
determining how the child’s activity should be represented [32].

B LIMITATIONS AND REMAINING ISSUES

Over the past decade, there has been much pressure on the clinical use of interactive
robots for people who have autism spectrum disorder (ASD). However, research on this
topic is still in its infancy regarding utility and effectiveness. However, much of the related
research has been published in robotics-specific journals (e.g., Autonomous Robots,
Robotica) rather than in well-known ASD journals or clinically focused publications. Since
most of the prior studies relied on anecdotal data or were composed of undocumented
educational activities, this is one reason why additional research is needed [33].
Furthermore, the amount of data available for analysis in SAR studies is low because
most related studies have been undertaken to advance the state of robotic system
development rather than to assess these robots’ clinical efficacy and utility. Only three of
the fifteen scholarly publications published on this topic involved studies including six or
more children with ASD, and most were studies involving only three or four individuals, as
stated by Diehl et al. [34]. Only two related studies were published in clinical journals, and
only four used gold-standard diagnostic techniques for ASD (such as the ADOS or ADI-R).
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B CONCLUSION

Individuals with unique learning requirements, such as those with high-functioning
autism or exceptionally bright kids, should have the same unfettered access to education,
information, society, and knowledge as everyone else. Therefore, in their integration into
society as a whole, to achieve smooth and equal coexistence with the other members,
robotics could prove to be an invaluable tool in the education of these people, as it
positively contributes to the development of their skills, the strengthening of their
sociability, the construction of the necessary knowledge, and the provision of equal
opportunities in social life. This study is a literature review that focuses on the benefits
and applications of robotics in the education of children and adults with high-functioning
autism and other forms of giftedness. Children with high-functioning autism and brilliant
children were targeted since their participation in all aspects of society was a research
priority; therefore, this was the topic of choice.
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