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Abstract

The concept of inclusion and inclusive education for children and adolescents with disabilities has been a topic of
research for many countries over the last decades. Among the different methods and practices that have been
implemented for interventions, the use of novel technologies and especially educational robotics has been proven to
be a valuable tool. In this study, the authors attempted to define and examine those skills that are acquired through
robotic interventions, and also the way they are associated with successful inclusion. The areas of social, cognitive,
and functional skills of children and adolescents with disabilities were examined and their enhancement through
robotics was assessed. For the purposes of this review, the authors searched Research Gate, Google Scholar, Scopus,
PubMed, and Science Direct and identified relevant research papers. After the application of eligibility criteria, 12
research papers were considered suitable for analysis. The analysis of results indicates that most children and
adolescents with disabilities that participated in interventions with robots managed to develop their social, cognitive,
and functional skills and in some cases, their inclusion in educational settings was facilitated. The findings of this
review support the need for implementation of these newly introduced practices and also some implications are
discussed.
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Resumo

O conceito de inclusdo e educacdo inclusiva para criangas e adolescentes com deficiéncia tem sido um tema de
pesquisa em muitos paises nas Ultimas décadas. Entre os diferentes métodos e préaticas que tém sido implementados
para intervencdes, o uso de novas tecnologias e especialmente a robética educacional tem sido comprovadamente uma
ferramenta valiosa. Neste estudo, os autores tentaram definir e examinar aquelas habilidades que sdo adquiridas
através de intervengdes robdticas, e também a forma como elas sdo associadas a inclusdo bem sucedida. As areas de
habilidades sociais, cognitivas e funcionais de criancas e adolescentes com deficiéncias foram examinadas e seu
aprimoramento através da robdtica foi avaliado. Para os fins desta revisdo, os autores pesquisaram o Research Gate,
Google Scholar, Scopus, PubMed e Science Direct e identificaram trabalhos de pesquisa relevantes. Apos a aplicacéo
dos critérios de elegibilidade, 12 artigos de pesquisa foram considerados adequados para analise. A andlise dos
resultados indica que a maioria das criangas e adolescentes com deficiéncia que participaram de intervengdes com
robds conseguiu desenvolver suas habilidades sociais, cognitivas e funcionais e, em alguns casos, sua inclusdo em
ambientes educacionais foi facilitada. Os resultados desta analise apdiam a necessidade da implementacdo destas
praticas recentemente introduzidas e também algumas implicagdes sdo discutidas.

Palavras-chave: Robética; Educacdo especial; Inclusdo; Deficiéncia; Robotica educacional.

Resumen

El concepto de inclusién y educacion inclusiva para nifios y adolescentes con discapacidades ha sido un tema de
investigacion para muchos paises en las Gltimas décadas. Entre los diferentes métodos y practicas que se han
implementado para las intervenciones, el uso de tecnologias novedosas y especialmente la robética educativa ha
demostrado ser una herramienta valiosa. En este estudio, los autores trataron de definir y examinar las habilidades que
se adquieren a través de las intervenciones roboticas, y también la forma en que se asocian con la inclusion exitosa. Se
examinaron las &reas de habilidades sociales, cognitivas y funcionales de los nifios y adolescentes con discapacidad y
se evalud su mejora a través de la robdtica. Para realizar esta revision, los autores realizaron busquedas en Research
Gate, Google Scholar, Scopus, PubMed y Science Direct e identificaron los trabajos de investigacion pertinentes. Tras
la aplicacion de los criterios de elegibilidad, se consideraron aptos para el analisis 12 trabajos de investigacion. El
andlisis de los resultados indica que la mayoria de los nifios y adolescentes con discapacidad que participaron en
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intervenciones con robots lograron desarrollar sus habilidades sociales, cognitivas y funcionales y, en algunos casos,
se facilitéd su inclusién en entornos educativos. Los hallazgos de esta revisién apoyan la necesidad de implementar
estas practicas recientemente introducidas y también se discuten algunas implicaciones.

Palabras clave: Robdtica; Educacion especial; Inclusion; Discapacidad; Robotica educativa.

1. Introduction

Children and adolescents with disabilities face many obstacles impeding their inclusion in the educational system, a
condition that gives rise to many restrictions in the course of their lives (Alston & Hampton, 2000). Limitations like the
insufficient training of educators regarding inclusive education, the lack of proper material and technical infrastructure, the
restricted access to relevant programs, and the absence of support coming from the children’s parents are some of the
challenges that they usually encounter.

The Greek Legislation is supporting the “one school for all” concept since the year 2000, which is referring to the idea
of inclusion of people with special educational needs in the educational system (Law 2817/2000). Also, the right to equal
opportunities for students with different types of disabilities in every aspect of their lives is being promoted, and more
specifically in the areas of education, vocational training/rehabilitation, and social life. With the establishment of a more recent
law (Law 3699/2008) the need for educational and social inclusion of people with special educational needs and/or disabilities
has been acknowledged, and also the right of people with autism and other developmental disabilities to participate in the
educational process.

At this time, a plethora of research that supports the establishment of inclusive education and the factors that affect its
implementation is available (Rodriguez & Garro-Gil, 2015; Francisco et al., 2020). Some of these factors are the design and
the employment of individualized intervention programs, the absence of most types of restrictions in the child’s environment,
and the access to the general curriculum (Francisco et al., 2020).

Besides having more “traditional” educational methods that have been adopted until now, the introduction of novel
technologies in the school environment has been a topic of interest for many researchers and a reference point for teachers and
educators of all grades. It has been found that their use can offer alternative ways of presenting teaching subjects and learning,
thus contributing to the inclusion of students with disabilities and/or special educational needs. In addition, the occurrence of
multisensory stimuli that accompanies their use is considered to be suitable for students with different learning profiles
(Barrow et al., 2009).

Educational robotics constitutes a branch of novel technologies in education that is very widespread and involves the
use of robotic tools in order to support it (Bargagna et al., 2019; Leroux, 1999). It is based on the "learning by doing" model,
which provides a student with the opportunity to acquire knowledge through a course of actions. When using robotics, a
student must think before taking action, therefore logical thinking and organizational skills are being used (Businaro et al.
2014). Additionally, it is worthwhile noting that robotics can promote collaborative learning through play (Johnson & Johnson,
1994). According to other researchers, a benefit that derives from using robots is the development of higher-order cognitive
skills, and especially of those skills that are related to problem-solving (Diamond, 2013).

Educational robotics tools, which can also be addressed as “robotic partners”, are designed with the ability to adapt in
different contexts depending on the circumstances. This fact constitutes an important factor that makes robotic tools effective
mediators for the inclusion of children with disabilities in educational programs (Bargagna et al., 2019). Also, another
important factor that supports this claim is the fact that educational robotics can promote learning through collaborative play
with peers (Johnson & Johnson, 1994).

In this literature review, the authors are going to analyze the effectiveness of educational robotics in enhancing the

social, cognitive, and functional skills of children and adolescents with disabilities and its contribution to their successful
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inclusion in educational and social environments. Moreover, those factors that can make the application of robotics in the
classroom feasible are going to be discussed, as well as some impediments that can prevent it. In the end, the authors will

examine some parameters that link robotics to inclusive education.

2. Methodology

The methodology of this review was conducted by two researchers and it was based on the study “Five steps to
conducting a systematic review” by Khan et al. (2003). The first step was to form the research questions of the review and
those questions are presented below. Secondly, the authors conducted a search on prominent research databases, which were
Research Gate, Google Scholar, Scopus, PubMed, and Science Direct. The keywords used were “robotics”, “inclusion”,
“special education”, and “disability” combined. Only studies written in English that were published between 2015-2020 were
included. The third step was to set the eligibility criteria for the research papers that were found on the databases mentioned
above and they are discussed later on. The fourth step of the review was a summary presentation of the selected studies’ data.
These data are presented in the “Results” section. The final step of the study was the analysis of the obtained data and the

provision of answers regarding the research questions.

2.1 Aim and research questions
This literature review aimed towards evaluating the effectiveness of educational robots as mediators for the successful
inclusion of children with disabilities. It is, therefore, going to be analyzed whether robotic tools can enhance those skills that
can contribute towards establishing educational and social inclusion. The following research questions were addressed:
» Can educational robotics enhance the social skills of children with disabilities?
» Can educational robotics enhance the cognitive skills of children with disabilities?
» Among those skills that can be acquired using robotics and may facilitate inclusion, which are those that concern
researchers the most?

» Can educational robotics promote the successful inclusion of children with disabilities?

2.2 Eligibility criteria

Eligibility criteria are regarding all those factors that are being taken into account in order to include a study for
analysis in a literature review. In this review, only studies that were published between 2015-2020 and were concerning the
effectiveness of using robotic tools for enhancing skills that facilitate the inclusion of children with disabilities were included.
Each study should be a case study, an experiment, or include some type of intervention. That being said, in order for a paper to
be eligible for analysis, it should be a primary research article. Another important factor that was taken into consideration by
the authors was the reference to a robotic tool’s name and its characteristics.

Research articles that didn't include any data and implemented mainly theoretical approaches were not included in this
literature review. Furthermore, papers that didn't include at least a small group of children with disabilities and those who had
samples consisting solely of adults were rejected. Another reason for rejection was the lack of reference to the participants’

age.

2.3 Final selection of articles
258 records were identified through database searching. 208 studies were left after removing duplicates and after the
first screening, 105 were rejected. That means that 103 papers were left, and 67 of them were examined with eligibility and

exclusion criteria. Finally, 55 research papers were rejected and the authors identified 12 articles for inclusion in the literature
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review.

Research Team

Lee et al. (2015)

Shamsuddin et
al. (2015)

Bonarini et al.
(2016)

Encarnagéo et
al. (2017)

Lindsay &
Hounsell (2017)

Van den
Heuvel et al.
(2017a)

Van den
Heuvel et al.
(2017b)

Albo-Canals et
al. (2018)

Table 1. Presentation of research articles that were analyzed and general information.

Type of
disability

ASD or
intellectual
disability and
speech-language
disorder

ASD

ASD/ Down
syndrome,
intellectual

disability, ASD,

Prader-Willy
syndrome,
psychosis

Motor
impairment and
speech-language
disorder

Motor
impairment or
developmental

disabilities

Cerebral palsy
or acquired
brain damage
resulting in
motor
impairment

Cerebral palsy
or acquired
brain damage
resulting in
motor
impairment

ASD and
cognitive
impairments

Number of
participants
(children/adole
scents with
disabilities)

12

3/8

18

11

17

12

Participants’
age
(children/adole
scents)

4;8 years (mean)

5-12 years

3 years/6-10
years

3-6 years

6-13 years

1;5-19 years
(mental age:
1;5-8 years)

2-18 years
(mental age: 2-4
years)

6-14 years

Name of
the robot

iRobiQ

NAO

Teo

LEGO®
Education
Mindstorm

S

LEGO®
Education
Mindstorm

s

IROMEC

ZORA

KIBO

Setting

Speech
therapy center
or
rehabilitation
center

Special
education
school

Rehabilitation
center

General
education
school

Classroom
inside a
pediatric
hospital

Special
education
school/
rehabilitation
center

Special
education
school/
rehabilitation
center

General
education
school

Aims

Replacement of
the therapist with
a robotic tool to
enhance
communication
(social skills)

Enhancement of
communication
(social skills)

Enhancement of
social skills and
improvement of
functionality
(social and
functional skills)

Enhancement of
academic skills
(cognitive skills)

Assessment of the
effectiveness of
robots in STEM

education for
students with
disabilities
(cognitive skills)

Assessment of the
robot’s ability to
enhance play
skills (social
skills)

Assessment of the
robot’s ability to
enhance their
cognitive, motor,
and
communication
skills (social,
cognitive, and
functional skills)
Evaluation of the
participation rate
of children in
activities with the
robot, of the

Results

Positive results in
augmenting speech,
greater maintenance

of results after therapy
as compared to using
computers
Most participants had
positive interactions
with the robot and
exhibited fewer
autistic behaviors
Heterogeneity of
results, improved
functionality and
emergence of social
behaviors with the
robotic partner,
manifestation of
emotions, and
enhanced play skills
Successful
intervention for most
participants and
opportunity to
participate in the
general classroom’s
activities. Less
positive results for
younger participants
After the adaptation of
the program to the
children’s needs,
increased participation
and enhancement of
their cognitive skills
was observed
Positive results but
researchers suggest
that the robotic tool
can be adjusted in
order to support play
for children with
motor impairment

Positive results after
the implementation of
the robotic partner in

the enhancement of
motor, cognitive, and

social skills

Positive results in
most areas


http://dx.doi.org/10.33448/rsd-v10i9.18238

Research, Society and Development, v. 10, n. 9, 36210918238, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i9.18238

Bargagna et al.

(2019)

Culénetal.
(2019)

Khaksar et al.
(2020)

Van den
Heuvel et al.
(2020)

Down syndrome

Myalgic
encephalomyelit
is

Intellectual
disability,
speech-language
impairment,
sensory
disability

Severe motor
impairment

15-20

33

8;5 years (mean)

12-16 years

5-10 years (1%
team)
10-15 years (2™
team)
16-18 years (3
team)

3-18 years

Bee-Bot

AV1

Matilda

ZORA

Source: Authors.

Robotics lab

General
education
school

Special
education
school

Rehabilitation
centers and
special
education
school

development of
their social skills,
of their
comprehension of
the way it is used,
of the ability to
participate in the
robot’s coding,
and of the
comprehension of
cause-effect
(social and
cognitive skills)

Assessment of the
robot's ability to
enhance the
executive skills of
children with
Down syndrome
(social and
cognitive skills)

Implementation of
the robot for the
enhancement of

emotions of
relatedness and
empathy in
adolescents with
disabilities (social
skills)

Assessment of the
role of robotic
tools in the
education of
children with
disabilities in
special schools
and of the factors
that contribute to
their successful
implementation
(social and
cognitive skills)

Evaluation of the
effectiveness of
the robot in the

education and
rehabilitation of
children with
severe motor
impairment and of
the roles of the
robotic partner
(social and
functional skills)

Great heterogeneity in
the study’s results and
presentation of
qualitative data only
for two participants.
Improvement of
executive skills only
for one participant.
Positive results
relevant to
engagement, interest,
and interaction

Positive results for
most participants

After listing the
results of the
interventions with the
robot and of the
interviews with the
educators, 18 factors
that should be taken
into consideration
when designing
robotic tools were
found. Additionally,
the results from the
interaction with the
robot were positive
regarding the social
and cognitive skills of
students

Positive results in the
enhancement of social
skills, of play, and
motor functions.
Assignment of roles to
the robotic partner
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3. Results

The research papers that were chosen for analysis for this review were regarding the use of educational robotics for
children and adolescents with disabilities and the participants’ ages were between 1;5 and 19 years. As it is summarized in
Table 1, the participants were children and adolescents with Autism Spectrum Disorders, Down Syndrome, speech-language
disorder, intellectual disability, motor impairment, cerebral palsy, sensory disabilities, and other impairments. It is apparent
that there is heterogeneity among these groups of participants (even between children who have the same syndrome) in terms
of their characteristics, their needs, and their capabilities. Therefore, the analysis of results was conducted based on those skills
that were acquired or enhanced after interventions with robotic tools took place.

After taking into account the eligibility criteria that were set previously, the authors decided that 12 research articles
met the requirements in order to be included in the review. Most interventions were aiming towards enhancing social skills (10
research articles), some of them were focused on increasing cognitive skills (6 research articles), and some others were about
functional skills (3 research articles). It should be noted that in most cases, a combination of target skills was made and this is
how the previous categorization of skills emerged. That being said, some research articles combined social, cognitive, and
functional skills as their main targets.

In the research by Lee et al. (2015) the robot “iRobiQ” was used for a small group of children with different types of
disabilities and with an average age of 4;8 years. This humanoid robot is being used by speech-language therapists, as it has a
speech mode and is equipped with a touch screen that allows interaction. Also, due to the way it’s designed, it has the ability to
narrate stories and respond to the student’s actions, making interactions more natural and less “robotic”. The data that came
from the interviews of three speech-language therapists were mainly positive, as most of them considered the robot and the
software to be suitable for speech therapy and noticed maintenance of results regarding the enhancement of communication for
the participants. In some cases, they observed that the participants showed affection towards the robot (e.g. “I love you”, “let’s
play together”, etc.).

In the research by Shamsuddin et al. (2015) the popular humanoid robot “Nao” was used for 12 school-aged children
with ASD. The results showed that 10 out of 12 children exhibited positive behaviors towards the robot, increased
communication and therefore, their autistic traits and behaviors were minimized. However, it is worthwhile to note that those
results were regarding the children’s first interaction with the robot and it is assumed that repeated exposure could possibly
induce different outcomes.

The research by Bonarini et al. (2016) was divided into two parts, and the first intervention was made for three 3-year-
old children with ASD, and the second was made for 8 children between the ages of 6 and 10 years old with various types of
disabilities (ASD, intellectual disability, Down syndrome, Prader-Willy syndrome, and psychosis). The “Teo” robot, which is a
mobile robot, was used for both parts of the interventions. For the first part of the research, where participants were fewer in
number, many variations appeared in the results, which can be attributed to the heterogeneity of characteristics that children
with autism exhibit. However, researchers considered the results to be mainly positive regarding several communication
parameters (verbal/ non-verbal communication, manifestation of interest towards novel stimuli, and positive emotions). In the
second part, where more students participated, there was still diversity in the results. In any case, the research group indicated
mostly positive results for the participants after the interventions, and more specifically in the areas of communication,
expression of personal needs, the manifestation of positive emotions, and social play. Moreover, an evaluation was made in
order to assess the effectiveness of the robot in terms of enhancing the children’s functional skills and the results were positive.

The study by Encarnacdo et al. (2017) was one of the few research papers that were more about the inclusion of
children with disabilities in general schools. The robotic kit “Lego Mindstorms NXT” was used, combined with an

Augmentative and Alternative Communication application for 9 children with motor impairment and speech-language
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disorder. Additionally, 9 special and 9 general education teachers participated in the study. The curricular subjects that were
related to this study were Language, Math, Science, and Social studies. The results showed some difficulties in the execution
of some activities and in the interaction with the robotic tool. This was attributed to the participants’ young age, as the
intervention system that was used (robot-AAC application-eye tracking device) could be considered quite complex and
demanding. The evaluation of results was based on the impact of the robotic system on the quality of the learning process and
not on the process of acquiring new skills, and they were positive. The educators that participated stated that the robotic partner
assisted some students to gain access to the general curriculum and its activities. Less positive results were reported for two
younger participants (aged 3 years old).

Just like the aforementioned research group focused on cognitive areas, Lindsay & Hounsell (2017) used the robotic
kit «\LEGO MINDSTORMS /EV3» and their aim was to enhance the cognitive skills of 18 school-aged children. The students
were diagnosed with motor impairment or developmental disabilities. The areas that were covered were those included in
“STEM” education, which are Science, Technology, Engineering, and Mathematics. The interventions were made in a
classroom inside a pediatric clinic. The clinic personnel and the children’s parents reported that some adjustments to the
educational program were made in order to support their participation in the program and to overcome some impediments. The
results showed that those adjustments rendered the program effective and suitable for the children's educational, cognitive,
physical, and communicational needs.

Two interventions were made by Van den Heuvel et al. (2017a & 2017b) for participants with similar characteristics
(cerebral palsy or acquired brain injury resulting in physical disability). The participants were children and adolescents
between the ages of 1,5 and 19 years old. The first intervention employed the “IROMEC” robot, which is a machine-like robot,
but it is equipped with a “face”. The main parameter of this research was to assess the effectiveness of this robotic platform in
increasing the social skills of the participants, and more specifically, their play skills. Results showed that although the
intervention had a positive impact on the children's play skills, some adjustments to the robotic tool would be necessary in
order to surpass some technical difficulties in the future.

The other research (Van den Heuvel et al., 2017b) brought into service the “ZORA” robot, which resembles the
humanoid robot “Nao”. The only difference between the two is that “ZORA” operates with the help of a different software
program, which is altering its functions and capabilities. This study aimed to enhance the social, cognitive, and functional
skills of children with disabilities and the results were positive. Along with other findings, the specialists mentioned that this
robot is able to boost students’ play skills, their motivation, their concentration, and their way of taking initiative.

The “KIBO” robot was the main intervention tool in the research by Albo-Canals et al. (2018). This robotic tool is not
equipped with a screen and it is suitable for children between the ages of 4-7 years. Additionally, it includes some
programming “bricks”, each one of which has the ability to alter the robot’s functions. The research team set the intervention’s
goals, which were mainly about examining the effectiveness of the robot in encouraging social behaviors and expression of
emotions towards peers and adults and also in understanding the concept of cause and effect that accompanies its use.
Therefore, the goals of the intervention were about the social and cognitive skills of children with ASD and cognitive
disabilities that participated. Results indicated that most children exhibited interest towards the robotic partner, understood its
function (although some discrepancies emerged), and manifested social behaviors more towards adults than with their peers.
Also, the conception of cause and effect that was linked with the operation of the robot was not possible for only one
participant.

Bargagna et al. (2019) used the zoomorphic robot “Bee-Bot” in interventions for 8 children with Down syndrome and
a mean age of 8;5 years. Sessions were carried out in a robotics lab and were aiming towards increasing the participants’ social
and cognitive skills. More specifically, the researchers focused on amplifying their executive functions and investigated the
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effectiveness of the intervention in other skills as well. Of particular interest is the fact that although 8 children participated in
this study, analysis of results was made only for two of them, due to the heterogeneity of findings. Results revealed that for one
of those two participants executive functions were improved, but both exhibited increased interest, attention, and social
interactions with peers and adults.

The research by Culén et al. (2019) was involving adolescents with myalgic encephalomyelitis. This is a syndrome
that affects, among other things, the ability to interact with other people, as those who have it should live away from crowds.
The “AV1” robot, which was the main intervention tool for this study, is a robotic platform that differs from those mentioned
earlier, as it is categorized as a telepresence robot. This means that this robot allows people who cannot attend social occasions
or other activities to have remote and easy access instantly. The effectiveness of this robotic partner in enhancing “relatedness”
(as was mentioned in the research paper) for adolescents who weren’t able to attend school or participate in other activities was
assessed. Results were mainly positive, as the 9 participating adolescents exhibited increased social interactions. Specifically,
the intervention allowed them to experience relatedness with other people, participate in everyday activities and be more
productive.

The humanoid robot “Matilda” was used by the research team of Khaksar et al. (2020) for 15 to 20 children and
adolescents between the ages of 5 and 18 years with various types of disabilities (intellectual disability, speech-language
disorder, and sensory disabilities). This study aimed to examine the efficacy of the “Matilda” robot in amplifying the social and
cognitive skills of children and adolescents that attended special education schools, and the analysis of those factors that must
be taken into account when using educational robotic tools. Participants were divided into three groups according to their age
and the findings that were about their social and cognitive skills were mainly positive. Worthy of mention were the factors and
conditions that were noted by the research team and affect the successful application of educational robotics in special
education. Some of them are the appearance and characteristics of a robot, the students’ prior experience, a robot’s
accessibility, the correlation with the school’s curriculum, etc.

Lastly, a more recent study by Van den Heuvel et al. (2020) where the robot “ZORA” was used again (see Van den
Heuvel et al., 2017b) for children with severe motor disabilities, was aiming to assess the influence of the robot to their social
and functional skills. In particular, the objective of the study was to assess whether the robot would be an effective mediator in
the education and rehabilitation of children with severe motor disabilities and to determine the roles that are assigned to the
robotic partner. This study had a large sample (33 children and adolescents aged between 3 and 18 years) and was conducted in
two rehabilitation centers and a special education school. Results suggest that the social interactions of the participants were
improved, as well as their play skills. In the area of functional skills, there were improvements regarding the participants’
mobility functions. Besides, the humanoid robot was assigned with duties during intervention sessions, like guiding,

rewarding, and motivating the participants.

4. Discussion

In this section, the authors will attempt to answer the research questions that were set in the beginning and make
additional remarks. The first research question was whether the use of educational robotics can enhance the social skills of
children with disabilities. From the analysis of results, it can be observed that educational robotics is a contemporary,
appealing, and effective way of developing various types of social skills for children with different types of disabilities or
special educational needs. For instance, it was evident that there were successful interventions using robots for children with
autism spectrum disorders, Down syndrome, intellectual disability, speech-language disorders, motor disabilities, cerebral

palsy, etc.
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The second research question was whether the use of educational robotics can enhance the cognitive skills of children
with disabilities. From the analysis that was conducted it was apparent that in most cases, the use of robots could promote and
cultivate the cognitive skills of children. For instance, in two research papers, it was evident that there was easier access to the
school curriculum for the participants of the interventions. It is notable that the participants of these two interventions were
children with motor disabilities, speech-language disorders, ASD, and cognitive impairments and were of different age groups
(3 to 6 and 6 to 14 years).

Interestingly enough, most articles were mainly focused on the development of social skills for children and
adolescents with disabilities, which in fact facilitates and promotes their successful inclusion in school and society in general.
This way the third research question is being answered, which is about the skills that are of particular interest for researchers
and are reinforcing inclusion. The improvement of communication, verbal or non-verbal, of play skills, engagement,
participation in group activities, and empathy are some examples of social skills that could be enhanced through robotic
education.

The fourth research question, which is the last of this review, was whether educational robotics can promote
successful inclusion for children with disabilities. The enhancement of social, cognitive, and functional skills of students with
disabilities and special educational needs is considered to be necessary in order to achieve their successful inclusion in the
educational system, which was achieved according to most research papers that were included for analysis in this review. It
should be noted that in most cases, some adjustments should be made for the robotic tools and/or for the classroom activities to
achieve the best results for each student.

There were only a few research articles that focused on the training of the rest participating students as well.
Therefore, future research groups that implement educational robotic tools for children and adolescents with disabilities should
take into account those factors that help educators and their peers to actively participate in their inclusive training. It is deemed
necessary to include all classroom members as participants (if the intervention is taking place in a classroom) and also to carry
out more targeted interventions that will not only be focused on the development of social or cognitive skills but will also
report the success rate of the method in the inclusion of students.

One inherent limitation of interventions that implement robotic tools is the requirement for a second educator in the
classroom who should be assigned the role of “operator” of the robot. In addition, the educator must help the student in their
activities with the robotic partner, thus working as their assistant. Those tasks cannot be carried out by the main teacher, due to
the large number of children that attend the classroom of a general education school, therefore emerges the need for a second
teacher. Additionally, in order for inclusion to be successful educators should work on their time management skills, as
students with disabilities usually need more time to complete classroom activities as compared to their typically developing
peers (Encarnacdo et al., 2017).

5. Conclusion

In summary, it is noteworthy to mention that educational robotics is a very promising method that can promote
inclusive education for children with disabilities and special educational needs through the enhancement of their social,
cognitive, and functional skills. Educational robatics, though, should be implemented after careful design according to the
students’ needs and only after evaluating all those factors that are related to the robotic partner’s specificities. In any case, both
educators and therapists should take into account the heterogeneity of children and adolescents with disabilities in terms of
their capabilities and characteristics to implement successful interventions.

Future literature reviews could include additional eligible studies for analysis, and those studies should involve even
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greater sample sizes. Generalization and maintenance measures are variables that could possibly be of importance when
interpreting the studies’ results and they could be included for comparison and analysis of the selected research papers.
Additionally, a meta-analysis of the data could be a better indicator of the robotic tools’ success rate for the inclusion of
children and adolescents with disabilities. Finally, research teams and therapists should consider adapting such intervention
programs for other age groups as well, and especially for adults with disabilities who face difficulties in their participation to

certain activities and their inclusion in society in general.
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