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Abstract. Background: Social robots are a promising educational assistive tool
for enhancing social interaction and empowering learning capability in children
with autism spectrum disorders (ASD). Objective: This article reviews the use
of social robots in education to enhance the social communication and interaction
skills of children with autism. Methods: Twenty-two articles were identified and
later analysed and synthesised. This study is reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines. Results: The literature addresses several benefits of using social robots for
children with ASD to enhance communication and interaction skills in children
with ASD. These include human-like appearance acceptance, increased gesture
and eye contact, structured learning and repetition, interpersonal synchronisation
and emotions, use of interactive scenarios, reinforced behaviour and reward,
ASD level and diagnosis. However, there are challenges also mentioned in the
literature. Conclusion: The use of social robots in children with ASD is still in
the early research phase and has been shown to provide several benefits for chil-
dren with ASD. However, it is essential to consider the children's autism level
before expecting any positive results from robotic intervention. In addition, sev-
eral ethical challenges and implications must be considered before fully imple-
menting social robots for children with ASD.
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1 Introduction

According to some studies, incorporating robots in learning impacts children and indi-
cates enormous possibilities and opportunities in educational systems [1-3]. Socially
assistive robotics (SAR) are robots well-known for their ability to interact with humans,
as they provide a common interactive platform for both humans and robots [4, 5]. Social
robots use artificial intelligence, and it is paired with sensors, cameras, microphones
and similar technology to interact and engage with humans [6].



SAR are promising as an assistive tool for enhancing social interaction and empow-
ering learning capability in children with Autism Spectrum Disorders (ASD) [7, 8]. The
World Health Organization (WHO) mentions that assistive technologies are critical en-
ablers of inclusion and participation, including people with autism [9]. SAR include a
wide range of features that could offer a more personalized experience for children with
ASD than other Information and communication technology (ICT) solutions [10].

Robotic intervention plays an influential role in developing communication and in-
teractive skills in ASD children [11] through effective intervention [12]. Social robots
may improve children's learning abilities in child education by providing personalised
lessons and individual progress reports [13].

Children with ASD tend to have poor social communication and interaction skills,
and SARs can help bridge the gap and influence their participation through an interac-
tive and personalised learning platform. Robots are used for interactive sessions, ena-
bling learners to improve motivation and engagement with learning materials and fa-
cilitating teachers with new learning-aided tools [14].

In 1943, Kanner [15] first identified the term autism and characterised it as the ina-
bility to link with other people. ASD is a neurodevelopmental disorder, and yet its
causes are a mystery. The severity of autism is categorised into three different levels,
ranging from mild to severe [16, 17]. A wide range of impairments are associated with
autism, including social communication and interaction, cognitive development, and
repetitive behaviour [18]. Social interaction is one of the phenomena that directly and
indirectly impact individuals with ASD; these include speech, language, conventions,
and interpersonal skills [19].

Social robots have restricted behaviour and use simplified methods of delivering in-
structions, presenting information, predictable behaviour, and embodiment of the robot,
human-like social cues. This helps ASD children learn social skills since ASD children
usually lack adaptive behaviour, and ASD children do not need to deal with the com-
plexity of human behaviour. Furthermore, studies have reported that physical interac-
tion with robots is more engaging than screen-based technologies [12].

In Norway, the Norwegian Computing Center (NR) is conducting a project called The
Robot Supported Education for Children with ASD (ROSA). The project aims to “cre-
ate and evaluate a robot-based toolbox for teachers that can tailor content and learning
for the unique needs of each child with ASD” [20]. The social robot is meant to act as
a learning-aided tool to empower ASD children with social and communication inter-
action deficiencies in learning skills.

2 Methods

21 Aim

This research aims to describe how social robots in the education field can enhance the
social communication and interaction skills of children with ASD.



2.2 Design

The literature review of this study is reported by following the general guidelines of the
Preferred Items for Systematic Reviews and Meta Analyses (PRISMA) guidelines. The
PRISMA flow diagram presents the selected articles (Figure 1).

2.3 Search Process

The Academic Search Premier IEEE Xplore, Science Direct, SAGE, PubMed and Na-
ture databases were searched in January and February 2022. The range of the search
was from 2012-2022 and 133 articles were found. An updated literature search was
conducted in August 2023, and only one article was added from the updated search
(N=1). Therefore, a total of 134 articles were found. Journal articles and conference
proceedings in English were chosen. The following search terms were used: ASD child,
interaction, robot, social, and lesson to identify all relevant papers. A total of 22 articles
were added and reviewed.
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Fig. 1. PRISMA flow diagram of the selection process.



24 Data Selection

The search returned articles across the five mentioned databases [N=134]. The articles
were screened first based on title and keywords. The inclusion criteria were 1) social
robot to teach social and communication interaction skills to children with ASD, 2)
child-robot interaction in terms of teaching social skills, 3) social robot intervention
during teaching, therapy and school curriculum, 4) focus on ASD children regardless
the severity level of autism 5) only studies available in full text in peer-reviewed jour-
nals or conference proceedings 6) year range 2012-2022 7) articles written in English.
The following exclusion criteria were applied: 1) missing fields: no author, no title, no
abstract, no journal information; 2) book chapters, poster session, no abstract available;
3) not relevant (no focus on children, digital media, gestational, no sports or physical
education, robot care, no focus on autism, anxiety treatment, on adult/youth ASD). Af-
ter the first screening, the number of papers was reduced to [N=39]. One (N=1) article
could not be retrieved.

From the 38 articles, ten (N=10) articles were deleted after abstract reading. This
resulted in 28 articles read in full text. Then, 16 articles were excluded for the following
reasons: a) the studies based on designing computer interaction, designing robot
UX/UI, social robot architecture, and toy robots; b) studies include innovative technol-
ogy-based interaction, wearable devices for ASD children, mobile technologies, mobile
application based persuasive technology to teach social skills, sensor-based learning
devices, computer-based interaction, tablet/iPad based social skills learning c) article
with focus on ethical challenges faced by ASD school administration and copy number
of gene and clinical information.

Twelve articles (N=12) met inclusion and eligibility criteria, and ten (N=10) articles
from other sources met both inclusion and eligibility criteria. Thesel0 articles were
found through colleagues, browsing reference lists, and the ROSA project published
articles at NR and USN. Thus, a total of (N=22) articles are included in this review.

2.5 Data Analysis

The articles were analysed using thematic analysis as described by Braun and Clarke
[21]. Firstly, the authors familiarized themselves with the data. This involved reading
several times the articles included in this review. Then, initial codes were generated by
coding as many potential themes or pattern as possible. The initial codes are shown in
the Appendix, where table for each included article was extracted with their initial
codes. Thirdly, themes were search in among the codes. Fourthly, the themes were re-
viewed by selecting candidate themes. Twelve candidate themes were found which
were later reduced to eight. The themes were named by identifying the “essence” of the
theme [21]. Themes were determined from the articles to understand the underlying
meaning and their connections with social robot intervention in teaching ASD children
social interaction and communication skills. Lastly the results were produced.



3 Results

Themes No.of The following topics were

reports found in the literature: hu-
ASD level 7 man-like appearance and
Human-like appearance and acceptance 5 acceptance, gesture and eye
Motivation, reinforced behaviour and re- | 5 contact, structured learning
ward and repetition, interper-

sonal synchronisation and
emotions, interactive sce-
narios, motivation rein-
forced behaviour and re-
ward, ASD level, and chal-
lenges. Table 1 shows the

Table 1: Number of publications related to the themes. number of publications re-

lated to the themes.
Human-like appearance and acceptance: The design of the robots play in important
role when using SAR for children with autism. It is reported that SAR has a higher
acceptance rate in ASD individuals than in non-ASD individuals [22-24]. A wide range
of social robots have been developed with human-like appearances, such as Kasper,
FACE, Robota, Aibo, Charlie, NAO, etc. Social robots make simple emotional re-
sponses, which is an essential factor for effective communication and valuable to re-
duce the motivational and sensory barriers to some extent faced by children with ASD
[22, 25]. Moreover, several types of robots in terms of their dimensions to be developed,
such as Lego Mindstorms and NAO robots, are suitable for enhancing cognitive and
social skills. In contrast, KIBO facilitates children to engage with cognitive, emotional
and social objectives all together [26]. These robots use artificial intelligence.

Raptopoulou [23] stated that anthropomorphic robots are prevalent among education
researchers due to non-distractive, approachable features and perused child interest.
This is related to human beings' inherited responses towards technologies, where hu-
man-appearance technology is more attractive than machine-appearance technology.
Moreover, the acceptance and trustworthiness of robots are directly related to the ro-
bot’s ability to show emotion. This mimics human-human interaction, which “facili-
tates natural communication and social interaction” [24]. Emotionally expressive ro-
bots impact verbal communication. Humans tend to prefer verbal and emotional com-
munication with robots if the robot demonstrates human-like voice styles, gender, ac-
cent and prosody [24]. Robot anthropomorphism appearance and voice styles signifi-
cantly influence humans to communicate with robots [22]

On the other hand, the absence of naturalness in the robot's appearance affects the
user’s perception. “Introverts and those with lower emotional stability had a greater
tendency to prefer a mechanical appearance”[24]. Others perceived the robot’s human-
like appearance as frightening and uncomfortable. Despite this fact, humans show more
enthusiasm and acceptance of the dynamic nature of emotional expression and move-
ment of humanoid robots.

Gesture and eye contact

Structured learning and repetition
Interpersonal synchronisation and emotions
Interactive scenarios

Challenges

N[ |W [N




It has been reported that ASD child shows a preference for robots over humans [24].
However, the literature also mentions that measuring the child's preference for robot
interaction and evaluating the degree of acceptability rely on surveys and often lack
information regarding the benefits of using robot interaction over human interaction
[26]. It also lacks the habitually and sustainability of the robot acceptance. Moreover,
teachers' and parents' voices are emphasised to report children's experiences with ro-
bots. This is because children with ASD are unable to express their own robotic expe-
riences by themselves [26]. Raptopoulou et al. [23] suggested an experimental protocol
with a series of sessions. In the first few sessions, the child's acceptance of the robot
was the focus. The other sessions focused on making a more comprehensive conclusion
along with follow-ups to measure the reliability of the result.

Remarkably, teachers have accepted the robot’s interaction methods and robot-based
learning scenarios designed to contribute as a learning tool in the classroom [22].

Gesture and eye contact: A study compared the learning outcomes in ASD children
“from robot-based intervention on gestural use to those from human-based interven-
tion” [27]. The results showed no significant difference regarding gestural learning,
stating that “it does not matter who serves as teaching agents when the lessons are
highly structured” [27]. However, an exciting finding in the study was that teachers
noticed higher eye contact in the children who received robot-based training. In addi-
tion, human and robot-based teaching helps train gestural recognition and production
skills. Moreover, ASD children are more enthusiastic about learning from their robot
partners, making less stereotypical behaviour when interacting with robots than hu-
mans, which aligns with the social motivation theory of autism. This theory states that
ASD individuals lack of engagement skills with humans.

Another study used robot-based drama intervention gestural training in Chinese-
speaking children with ASD [28]. The study found significant improvement in the ASD
children’s narrative abilities such as length, syntactic complexity, narrative structure,
cognitive inferences and overall gestures and gestural communication compared to
those who did not receive the intervention [28]. The robot-based play drama helped
children to understand the characters' goals and their actions; later on, the ASD children
were able to interpret the events of the drama by making cognitive inferences in their
narrations as well as identifying the patterns and sequences even though they produce
low effective inferences. Afterwards, ASD children from the intervention group partic-
ipated in the role play to have practical experiences about the characteristics and their
cognitive meaning with the patterns and sequence of life. The highly structured drama
provided children with a sequential and predictable framework to maintain long-term
comprehension of their own narratives.

Gestures made by social robots in the drama influenced children with ASD to adopt
those gestures and motivated them to incorporate those gestures in the appropriate con-
text. ASD children’s gestures were made spontaneously and enhanced their understand-
ing ability. However, this was limited to deictic gestures, not iconic or marker gestures
demonstrated by the social robot in the drama play [28].

Structured learning and repetition: Another finding in the literature aligns with
the empathizing-systemizing theory, which means that ASD children learn through
highly structured lessons and produce positive learning outcomes [29]. Moreover, the



intense world theory also states that children with ASD have positive learning outcomes
in highly structured learning environments [27]. ASD children require a systematic ap-
proach and intervention to develop social and communication skills from human or
robot-based intervention. Social robots have an advantage here since their features are
systematic and predictable, repetitive in information sharing with children and maintain
consistency throughout learning sessions [27, 28]. Children's engagement was noticed
in robot-based drama as robots played the roles in a systematic, organised and predict-
able manner, therefore meeting the learning requirements of ASD children [28].
Interpersonal synchronisation and emotions: The study conducted by Giannopulu et
al. [17] on interpersonal synchronisation of ASD children with robots in France and
Japan provided outstanding results. Higher autonomic reactions were reported while
using robots, and autonomic reactions were recorded similarly in children from differ-
ent countries.

Interpersonal synchronisation was reported differently while French and Japanese
children interacted with the same human perceiver. However, children from both
France and Japan reported analogous and better emotions after interacting with robots
than before interaction. Significant indifference in empathetic reactions was observed
between neurotypical and ASD children from both countries. This was not due to the
cultural differences but rather to the heterogeneous nature of the autism spectrum and
autonomic activities of ASD children who are based on the intensity of “predictability
and unpredictability or the level of intentionality of the perceiver”[17]. Additionally,
ASD and neurotypical children perform similar autonomic reactions with robot per-
ceivers. Empathetic reactions in terms of verbal and nonverbal are higher. ASD children
seemed to better synchronise with robots than human partners, which directly contrib-
uted to improving ASD children’s feelings.

Interpersonal synchronisation and emotional empathy are linked with autonomic re-

actions, directly or indirectly connected to cortical areas (prefrontal, temporal, and cin-
gulate). It is also associated with empathy in neurotypical children, similar to ASD
children when interacting with robots rather than humans. ASD child interaction with
robots increases “mobilizations,” resulting in children's engagement and spontaneous
interaction with a robot partner. This is aligned with the “human inclination to enact in
synchrony with machines or humans without being aware of it” [17].
Children with ASD tend to have difficulties expressing their own emotions and inter-
preting other’s emotions. Emotional robot-oriented learning is encouraging for ASD
children because robots can play a reinforcer role in learning and sharing experiences
with others. A robotic intervention designed to elicit an ASD child’s social interaction
skills motor and vocal skills, along with multiple sensory experiences, is used to iden-
tify a child’s affective state [24].

Notably, robots offer a low social and emotional load compared to humans. A study
found that low social and emotional load allows children with ASD to have better “in-
terpersonal synchronisation at an automatic level” [17]. In addition, ASD children
maintained nonverbal communication with robots in a similar way as neurotypical chil-
dren do with humans [17].



Interactive scenarios: Interactive scenarios significantly enhance social and commu-
nication skills in ASD children. In a study, robotic intervention helped children over-
come this problem remarkably [22]. Robotic interactive scenarios based on the pre-
school curriculum with simple words were used to enhance the child's understanding
and communication skills. The behaviour analysis approach was used to meet the learn-
ing demands of ASD children [22].

Child-robot interaction tends to encourage ASD children to interpret social cues pro-
duced while interacting with the robot, and this learning could be beneficial for ASD
children in their interpersonal interactions in general [25]. Moreover, a robot can initiate
prosocial behaviour where children interact directly with the robot, which is controlled
without a remote. In this context, a robot could be assigned roles such as teacher,
prompter, and assistant, among others [25].

Studies have pointed out that a lower parent rating is recorded due to a lack of direct
robot reinforcement, and the game scenarios were either too easy or too complicated
for an ASD child [30]. Furthermore, if the robot is less autonomous and the game sce-
nario is predictable, a child with ASD will refuse to accept it. The challenging nature
of robot-assisted scenarios can be reduced by using flexible robot behaviour to support
a collection game library with various complexity levels to meet the needs of ASD
children and allow therapists to adjust as needed during therapy sessions [30].

Motivation, reinforced behaviour and reward: Applied behaviour analysis
(ABA) therapy consist of reinforcing specific behaviour so that the ASD children will
repeat them [31]. Breaking down the target behaviour into structured and achievable
steps is helpful for ASD children to learn and get rewarded each time they approach the
correct action.

A study showed that ASD children preferred to receive rewards from their robot
partners compared to praises from humans. In addition, the robots’ appealing features
improve the reward's effectiveness without serving as a motivator [25]. In contrast, ro-
botic intervention can reduce undesirable behaviour but only for mild and no intellec-
tual deficit children [25]. The same study also mentioned sensory aversion and inter-
individual heterogeneity, meaning that the robot’s attractive features (lighting signals,
noisy functioning) draw the child's attraction. However, the intense world theory of
Autism states that some ASD children may turn away from the robot due to being hy-
persensitive to these stimuli, for instance, auditory-sensitive children [25]. Therefore,
it is better to focus on personalised and individual intervention methods instead of a
general one. The same study suggested that adding more sensory options and educa-
tional goals in robots helps to personalise education [25].

Another study compared the effects of rhythm and robotic interventions on repetitive
and affective states of ASD children [32]. The results showed that ABA-based inter-
vention in school settings positively reduces the challenging behaviour of ASD chil-
dren. The use of robot in child intervention makes the procedure simple, helps to me-
diate the learning environment, initiate interaction with a social partner, and enhance
children's social communication and motor skills. Predictable characteristics of robot-
child interaction allow children with ASD to learn in a highly motivating and manage-
able manner. In contrast, adult-child interaction is characterised as a complex, conven-
tional and variable learning environment. [32]



Children's interest and motivation are important for accepting robotic intervention.
A study combined motivational components of Pivotal Response Treatments (PRT) and
robots to measure the likability of children and parents robotic intervention therapy
[30]. However, the outcomes shed light on the fact that children with high ASD severity
showed lower positive affect ratings after the robot-based session as they liked the hu-
man-based session more. ASD children are familiar with PRT therapy characteristics,
emphasising the careful selection of robotic motivational features which best serve the
child's interest.

Several robotic features associated with speech, movement, and game scenarios in-
fluence children's motivation. In other words, robots’ nonverbal communication (i.e.,
waving hands, eyes blinking) motivates ASD children to engage in interactive commu-
nication with the robots. Furthermore, instruction with the visual assistance of the robot
helps ASD children imitate the robot’s movements [22]. Finally, contingent robots in-
crease children's interaction and motivation as children find the robot responsive to
their behaviour and conduct meaningful interaction [30].

ASD level: ASD severity may have an impact on the effectiveness of the interven-
tion. The severity of autism is categorized into three different levels ranging from mild
to severe. Mild level autism is identified as level 1 and severe as level 3. On the autism
spectrum, mild level 1 autism is known as high-functioning autism and is frequently
referred to as Asperger's syndrome. Level 2 is known as autism and demands substan-
tial support, while severe level autism is categorized as Level 3 autism. People with
level 3 autism suffer severely from social and communication deficiencies [16, 17].

Low-level ASD children's prosocial behaviour is higher with robotic intervention
than those with severe ASD symptoms. According to the social motivation theory of
Autism, ASD children are more drawn to robots than to human teachers, which can
lead to a child's lack of interpersonal social skills [25].

Studies have shown that ASD children's communication and social interaction skills
would be significantly impacted by pre-diagnosing and proper intervention [16, 33].
The severity level of autism is critical to determine the intervention methods and to
meet individual ASD children's needs. However, this is demanding in terms of clinical
settings, which opens doors for social robot intervention to treat autistic children [16,
34]. In addition, there is a lack of standard methodology for assessing the level of au-
tism. As a result, researchers name them high/low, intermediate state, IQ scores and a
plethora of weighted tests.

Different intervention approaches such as the Early Start Denver Model, Pivotal Re-
sponse Treatment, Pivotal Response Treatment, and parent- /peer-mediated therapies
help children enhance social behaviour with a positive impact by reducing maladaptive
behaviour. Therapies sustain 30-40 hours per week, and outcomes are not as satisfac-
tory as desired for ASD children [32]. Therefore, robotic intervention is not only limited
to teaching and training children in communication and social interaction skills. For
this reason, robots are being used to identify the level of autism [16, 32, 34]. Ali et al.
[16] research focused on multi-robot therapy to predict the level of autism using Hidden
Markov Model (HMM). Multi-robot interaction without requiring a therapist was used
to address core impairments: joint attention, imitation and HMM models were used to
predict the level of autism in a child based on the former observable state. The accuracy
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rate was 76%, which was then tested with the Childhood Autism Rating Scale (CARS)
by the physiologist. Therefore, integrating robots to categorise the severity level of
ASD children has shown to be beneficial [16]. However, a wide range of spectrum
disorders in ASD can deliver different outcomes on the same stimuli [23].

Challenges: Some challenges have been reported, such as collaboration issues [25].
To meet the standards of excellence, stakeholders should work together, which is chal-
lenging in the field of robotic assistance for ASD children. A multidisciplinary research
is essential to successfully develop social robots, including “To develop robots in this
field, technological and multidisciplinary research is needed in human-robot interaction
(HRI), human-computer interaction (HCI), robot-assisted learning, privacy, and eth-
ics.” [10]. Moreover, there is fear among researchers considering the sensitivity of ASD
children. Other reported challenges are technical difficulties, increased workload, train-
ing for the robot use and personal investment [25]. Finally, the most important chal-
lenge is related to the ethical aspect of using robots for children with autism. Among
the ethical challenges mentioned are obtaining informed consent since children with
ASD are not able to provide this. In addition, obtaining real user participation from the
children, teachers, and parents for testing may be challenged to attain [10].

4 Discussion

This article reviews the use of social robots in education to enhance social communi-
cations and interaction skills of children with autism. The findings first indicate that it
is important to consider the children's level of autism and the challenges they face dur-
ing their social communication and interaction. Children with ASD struggle to under-
stand emotion and lack motivation in social interaction with their human communica-
tion partner. ASD children also tend to suffer from anxiety and face complexities when
dealing with human behaviour. In any social situation, ASD children are not able to see
others as an individual and do not involve themselves in social communication and
interactions. These social communication and interaction skills difficulties impact ASD
children’s education and social life.

Researchers propose introducing social robots to address the deficiencies in ASD
children’s social communications and intercommunication. Social robots are preva-
lently among researchers to teach children with ASD social communication and inter-
action skills. Social skills are critical to learning for ASD children because of the dif-
ferent social settings in which human beings are involved throughout life. Moreover,
children with ASD have difficulty interpreting and using information on their own in
the correct social context. Therefore, social robots can be used to enhance their inter-
action skills with robotic features.

Individuals with severe levels of autism face higher degrees of deficiencies in their
social communication. Children with low levels of autism may actively interact with
robot-based lessons and feel motivated and interested in learning sessions conducted
by the social robot. However, children with higher levels of autism might not be inter-
ested in robot-based learning. In addition, children with severe autism are not able to
understand their surroundings; they are not able to convey their feelings to others and



tend not to feel any emotion for an individual. Presenting a robot to a child with a high
level of autism may be overwhelming and time-consuming to have any effective results.

Prosocial behaviour of children with low ASD is significantly higher than in children
with high levels of autism. It is mentioned in the result chapter that ASD has a broader
spectrum of disorders that cause the same stimuli to produce different results.

The efficacy of assistive technologies in terms of social robots is enormous, and their
implications in teaching children social communication and interaction have piqued the
interest of social robot researchers. Since children with ASD are deficient in learning
adaptive behaviour, SAR can play an essential role in helping children develop their
social skills by offering restricted robotic behaviour and simplified ways to present in-
formation to the children. During interaction with a robot partner, children with ASD
learn to interpret social cues, which helps children develop their interpersonal interac-
tion skills.

Moreover, the literature suggests that there are several robot features associated with
child motivation, such as speech, movement, responsiveness towards child behaviour
and ability to conduct a meaningful interaction. These features should be considered
when introducing social robots in education for children with ASD. On the other hand,
if an adult needs to control the robot or convey a message every time they interact with
the robot, it would be complicated for ASD children to maintain multiple stages of
communication since children with ASD have difficulty in one-to-one interaction.

Children with ASD need a safe and systematic approach to learn social communica-
tion and interaction skills. Hence, a social robot in education requires that it can enhance
their learning motivation, help them to hold their interest in the learning content and
track their learning progress for future reference. The literature shows that ASD chil-
dren are interested in robots due to their predictable behaviour. It is easier for an ASD
child to interpret a robot's systematic and constant movements because robots are pretty
predictable. Hence, robots can perform the same task as often as the child requires and
maintain the same approach to repeat the task, which benefits children with ASD.

According to empathizing-systemizing theory, ASD children can quickly learn
through a systematic learning platform. Robots may produce better outcomes as robots
are predictable, systematic, repetitive, and consistent in terms of communication and
interaction. Robots can help tell social stories and play drama based on social situations
while producing similar gestures or emotions with an exact tone every time. This is
beneficial as robots can repeatedly show children how to do some tasks in specific ways
without getting tired compared to humans while avoiding the human emotional load.

Finally, not many ethical challenges were found in the literature. This could be due
to the search term combination, journal, or similar. However, it is vital to address that
there is a lack of ethical considerations in the articles included in this review. When
implementing assistive technology for a vulnerable group, i.e., social robots for chil-
dren with autism, it is always important to consider the ethical aspects, so it does not
hinder the full implementation of the technology.
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5 Conclusions

In the era of technology, multiple digital devices are used to help develop ASD chil-
dren's social and communication skills. However, the social robot plays the most crucial
role because its human-like appearance, voice, and verbal and nonverbal gestures in-
fluence children to engage physically in communication rather than individual interac-
tion with screen-based technologies. Several articles have pointed out that structured
learning, predictable robotic features, contingency robots, repetition, and reward-giving
by robots can be used in education to enhance ASD children's communication and in-
teraction skills. Nevertheless, it is essential to consider the children's autism level be-
fore expecting any positive results from robotic intervention. Also, ethical challenges
must be considered before fully employing social robots in education to enhance com-
munication and interaction skills in children with ASD.
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