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Abstract
Robot-based activities have been proven to be a valuable tool for children with learning and developmental disabilities. How-
ever, their feasibility in general educational environments needs further exploration. This scoping review provides a critical 
examination of robot-based learning experiences involving children with disabilities, implemented either in mainstream 
schools or in specialized centers in order to gain insight into their potential to support inclusion. For this purpose, a search 
was conducted in the multidisciplinary Scopus and WoS databases, completed with Dialnet database. Based on PRISMA 
guidelines for literature reviews, we limited the systematic analysis to 33 papers published after 2009 that contain informa-
tion on the instructional design and details of how the activities were implemented. On the other hand, studies reporting 
interventions with robots for clinical purposes were excluded as well as papers focused exclusively on technical develop-
ments. Content analysis shows that most experiences lead to improvements in terms of educational goals and/or stakeholders’ 
satisfaction. However, the analysis also reported issues that may hinder the adoption of these practices in general classrooms 
and integrated education services. The reported difficulties include the lack of stability and autonomy of the robots used, the 
need for aids and adaptations to enable children with sensory and physical impairments to interact easily with the robots, 
and the requirement of technical support with system’s setup, implementation and maintenance. We conclude that robots 
and robotics are a powerful tool to address the needs of diverse learners who are included in mainstream classrooms. This 
review aims at presenting evidences of good practices and recommendations for successful implementation.

Keywords  Inclusive education · Educational robots · Children with disabilities · Robot-based activities · Child–robot 
interaction

1  Introduction

Inclusive education means that all learners attend schools 
in their own neighborhoods in general, age-appropriate 
classes where they are able to learn, contribute and partici-
pate together in all aspects of school life in a shared learn-
ing environment. This implies that schools, classrooms, pro-
grams and activities should be designed to ensure access 

to quality education for all students. Fulfilling these goals 
requires imagining, selecting and designing learning scenar-
ios and activities that can be performed naturally, success-
fully and joyfully by any child in the class. Hence there is a 
need to investigate methods to transform education systems 
and other learning environments in order to meet the require-
ments of the full diversity of learners [1].

Educational robotics are used worldwide as learning tools 
[2–5] but are not so widespread in inclusive education [6, 
7]. Although there is already a large corpus of experiences 
with “assistive robotics” for children with disabilities, more 
research needs to be conducted of the potential of robotics 
as a teaching tool in inclusive classrooms to identify good 
robot-based practices for all learners [8].

According to Pliasa et al. [9] inclusive education has 
three main goals: guarantee a quality education based on 
personalized instruction that fosters engagement and feel-
ings of capability; provide a rich, supportive social envi-
ronment to enhance relationships and participation; provide 
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all children with the technology-related ability and com-
putational thinking (CT) that is de facto the new literacy. 
To address these goals, we already know that both children 
with disabilities and non-disabled children engage easily in 
robot-based games and activities, and that classroom experi-
ences with robots and about robots lead to better academic 
achievement in technical and non-technical subjects, which 
expands learners’ future education and employment horizons 
[10–13].

Related systematic reviews on robot services for children 
with disabilities overlap to some extent with our research but 
do not cover the same theoretical area. Papakostas et al. [14] 
and González-González et al. [15] focus on rehabilitation 
and healthcare programs rather than learning activities at 
school. Also, differently from our approach, the interesting 
review of Belpaeme et al. [16] analyses educative practices 
limited to social robots excluding other type of robots and 
robotic kits. Pivetti et al. [13] only review learning experi-
ences where children program robots, excluding other activi-
ties with robots. Finally, Tlili et al. [8] and Miguel Cruz 
et al. [17] put the focus on the quality of the research and on 
robot’s performance and technical challenges.

In the context of recent research, the aim of this scoping 
review is to analyze existing robot-based educative prac-
tices to gain insight on the potential of robotic tools to boost 
inclusive education.

2 � Methods

This article is a scoping review of literature reporting robot-
based learning experiences with children with disabilities. 
The review is based on Prisma statement [18] in the selec-
tion of sources of information, search strategy, steps and 
procedure of the screening process and the report of the 
predefined protocol, and uses Mendeley software for bib-
liographical references management.

2.1 � Scope and research questions

The scope of this review is broad, including all kinds of 
robots used in all kinds of learning scenarios and activities, 
but is limited to those designed for children with disabilities. 
These include young learners with any kind of learning dis-
ability, learning delay, disease or impairment (i.e., physical, 
sensory or intellectual) that affects functionality (i.e., cogni-
tive, emotional, physical or social) and slows or limits their 
learning and/or development temporarily or permanently, 
regardless of particular clinical diagnoses, if any. Our sur-
vey only includes studies in which the instructional design 
is reported in sufficient detail for analysis in terms of its 
potential use in inclusive classrooms.

The research questions are the following:

RQ1 What population does the robot-based learn-
ing activity target? And, what types of special needs are 
addressed?

RQ2 What robot or robotic platform is used?
RQ3 What robot-based activities are implemented?
RQ4 How inclusive are the activities, or could they be?

2.2 � Eligibility criteria

The inclusion criteria were: (1) studies focusing on the use 
of robots for educational purposes for learners from early 
childhood to secondary education, regardless the method-
ology and the positive or negative nature of the results; (2) 
studies involving at least one child with special educational 
needs; (3) studies providing detailed information on the 
instructional design; and (4) studies published and avail-
able in full-text form in peer-reviewed journals or at confer-
ences either in English or Spanish, published after 2009.

The exclusion criteria were: (1) studies reporting experi-
ences with robots used only for therapy or rehabilitation; 
(2) studies reporting learning experiences with no children 
with special needs involved; (3) studies that use educational 
or assistive technology other than robots (e.g., virtual char-
acters, tablets, augmented or virtual reality); (4) systematic, 
scoping or narrative reviews or theoretical papers; (5) studies 
focused exclusively on the design and technical development 
of a robot or on a particular process of robotic platforms 
(e.g., algorithm, type of communication); (6) studies that 
report educational experiences without the description of 
the main components of the teaching–learning experience 
(i.e., goals, materials, teacher intervention, setting, resources 
and outcomes).

2.3 � Sources and search strategy

After a wide-ranging search in Scopus, Web of Science 
(WoS), Compendex and Eric databases, the most useful 
results were obtained from the multidisciplinary Scopus and 
WoS databases, while Compendex and Eric returned meagre 
results often duplicated in the other two. To complete the 
selection, we added the Hispanic Dialnet database, as these 
results were not contained in the aforementioned databases 
and offered us a complementary view of the research topic 
in our area.

We first ran a broad search with the rule [robot* AND 
(“special education” OR “inclusive education”)] but the 
results showed that these terms were very seldom used in 
research on special education and hence targeted studies 
were overlooked. We broadened the scope with the term 
educat* combined with at least one term related to learning 
disabilities and developmental disorders. The final search 
rule applied to Scopus, WoS and Dialnet databases was:
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robot* AND educat* AND ("Down syndrome" OR 
"cerebral palsy" OR ADHD OR "learning disabilities" 
OR "children with disabilities" OR "special needs" OR 
impairment).

We filtered the result to only select journal articles or 
conference papers published after 2009 in English or Span-
ish. The total number of records obtained was 435 (153 from 
WoS, 270 from Scopus and 12 from Dialnet) of which 99 
were duplicates. All searches were performed during June 
and July 2022 and the final results obtained by the end of 
July.

2.4 � Selection of studies

From the initial sample, Authors 1 and 2 first filter by screen-
ing eligible articles based on their titles and abstracts. A total 
of 77 articles were selected and the full texts obtained. Each 
author independently assessed the resulting references for 
eligibility completing an inclusion/exclusion checklist by 
reading the full text. A data set of 33 documents was finally 
selected for systematic analysis (see Fig. 1).

The number of studies excluded and reasons for exclusion 
are summarized in Table 1.

2.5 � Statistical and bibliometric data

The final data set of 33 studies included 21 journal papers 
and 12 conference papers. According to the bibliometric 
data provided by the WoS, Scopus and Dialnet databases, 
the total number of citations is 235, average citations per 
item is 7.12, and the h-index is 11. 32 references were writ-
ten in English and one in Spanish. These 33 references are 
published in 24 journals 6 of them from the fields of Edu-
cation, the most represented area, followed by Computing, 
Rehabilitation and Psychology, among others. The authors 
with more than one reference are affiliated to seven different 
countries: Canada 8, United Kingdom and Italy 6, Nether-
lands and Spain 4, and Greece 3 and Portugal 3 as well. The 
subject more represented according to databases categories 
is Computer Science with 14 papers, followed by Rehabilita-
tion with 7 references.

3 � Results

To address the three research questions, the analysis is 
organized into three sections: children, robots and learning 
experiences. In Table 2 we provide an overview of the 33 
selected studies which are explained in detail in this section.

3.1 � Children

The number of participants in the studies ranges from 1 to 
84, with an age range between 18 months and 20 years. As 
can be noticed in Table 3, in the studies girls are under-
represented. Four studies were based only on girls and one 
only on boys.

As summarized in Table 3, the participants were chil-
dren with diverse disabilities and impairments, ranging from 
severe and multiple difficulties to children presenting devel-
opmental delay. The studies gather 125 references of chil-
dren who presented multiple disabilities with concurrence 
of more than one of the following disorders or impairments: 
ASD, ADHD, hearing loss, cerebral palsy, motor deficien-
cies, cognitive disabilities and Down syndrome. Not sur-
prisingly, there is remarkable heterogeneity in terms of the 
specific learning-related capabilities and limitations, even 
among children with similar impairment.

3.2 � Robots

In Table 4 the 12 different robots used are classed into seven 
overarching categories. Only two robots, IROMEC (5 refer-
ences) and KASPAR (1 reference), were specifically devel-
oped for children with special needs. The other robots are 
off-the-shelf products developed for the education, entertain-
ment and companionship of non-disabled children.

The most used robots were LEGO Mindstorms com-
mercial kits (i.e., WeDo, Mindstorms NXT, Mindstorms 
EV3, Mindstorms RCX) that provide both constructive 
and programming utilities with expanded functionality and 
complements (13 studies). NAO with social affordances 
and programming utilities was the most used social robot 
(5 studies). Other social robots enabling tangible program-
ming were DASH, Bee-Bot, Codi-Oruga and KIBO (7 stud-
ies). These platforms are playful, accessible and versatile 
supporting different modes of use and interaction. Finally, 
other robots were played with and controlled by children 
without programming activity (Daisy Robot, and Cellulo 
Robotic Platform).

When the interaction with the robots is explicitly 
social, the child–robot interaction can be defined by the 
complementary roles assumed [16, 50, 51]. We identify 
in the studies three roles assumed by the robot in learn-
ing scenarios: robot as a tutor or teacher (i.e., provides 
content-related support through hints and tutorials, and 
gives supervision, feedback and encouragement); robot 
as a peer (e.g., playmate); and robot as a pupil whom the 
child teaches. Table 2 lists the roles assumed and the way 
the robots were interacted. As an instance of the different 
roles and modalities of interaction, the experience reported 
by Van den Havel et al. [21] is illustrative, with 17 children 
with severe physical disabilities playing with humanoid 
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robot ZORA in different scenarios in two specialized cent-
ers. The scenarios were offered to the children, depending 
on the goals determined by the professionals: movement 
exercises (robot executing movements and instructions), 
dance exercises (movement exercises with accompany-
ing music), robot control games (in which the child could 
control the robot by, e.g., speech or touch) and cognitive 

exercises (e.g., question and answer games or card games 
in which the child has to show the matching illustrations 
to the robot). During play, the robot performed different 
interactive social behaviors such as asking the children 
to show cards with pictures of different animals, giving 
a reward by clapping or cheering when answer is correct, 
shaking hands if its hand is touched, giving a high five 

Fig. 1   Flow diagram of the article search and selection process. The reasons for exclusion are described in Table1
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if its foot is touched. Out of the different roles ZORA 
can play, professionals indicated that a role as motiva-
tor is most promising. Other roles in which ZORA could 
make valuable contributions were the role of rewarder and 
instructor, a buddy, an intermediate, a model during move-
ment exercises, or an assistant. The following profession-
als collaborated to plan, implement, support and evaluate 
the intervention: 2 physiotherapists, 2 speech language 
therapists, 1 occupational therapist, 1 therapeutic group 
leader and 1 physical education teacher, and the researcher 
that controlled the robot remotely. Practitioners followed 
a training session to become familiar with the robot and 
the scenarios.

With regard to accessibility, the importance of experienc-
ing the robots physically [24] leads to the implementation of 
personalized adaptation strategies to accommodate robotic 
systems to learners’ needs, and especially to those of chil-
dren with (severe) physical and sensory impairments [22, 
42]. These adaptations involve software configurations (e.g., 
ZORA, a software adaptation of NAO robot); modifications 
of the robot embodiment (e.g., DASH); or assistive technolo-
gies to enable children with motor and speech impairments 
to manipulate and control the robot (e.g., speech generating 
device to control a LEGO robot) and hence be able to take 
programs as complex as FIRST LEGO league [22, 24, 26]. 
Cognitive adaptations include the use of prompts, reminders, 
and simplified instructions for reading. Finally, social adap-
tations include anxiety reduction and pairing of cooperative 
learners [42].

3.3 � Learning activities

To address the research questions, instructional design and 
findings are analyzed in this section according to the dimen-
sions of setting, educational goals, scenarios and activities, 
practitioners involved, duration, and main outcomes. A final 
section gathers lessons learned, challenges faced and recom-
mendations (see Tables 2 and 5).

3.3.1 � Setting

In total, 16 studies took place in mainstream kindergarten, 
primary or secondary schools during the school year (14) or 
during the summer break at integrated Summer Camps (2). 
In 9 studies the activity was run in special education schools. 
The remaining studies were conducted in therapy centres (3), 
hospital-based schools (3), a research laboratory (1) and a 
rehabilitation centre (1). In one study the setting was not 
specified (see Table 2).

3.3.2 � Educational goals

Teachers identified a wide range of learning objectives, 
encompassing specific curricular content and development 
objectives [45]. In Table 5, the learning goals are grouped 
into broader educative domains: (1) STEM and CT (e.g., rea-
soning, coding and programming); (2) Communication and 
social interaction (e.g., acquisition of social rules, follow-
ing instructions); (3) Physical development (e.g., coordina-
tion, strength, control; sense of space and direction; spatial 
language and spatial ability); (4) Language (e.g., narration, 
handwriting, speech, literacy, comprehension); (5) Play (i.e., 
play for play’s sake); (6) Mathematics; (7) Engagement (e.g., 
managing emotions, attention, motivation, participation, 
satisfaction, fun, tolerance of frustration, enjoyment); (8) 
Artistic Expression, and 9) Other cognitive developments.

Most of the studies (23) were aimed at developing cogni-
tive dimensions related to STEM and CT, such as learning 
about simple cause and effect, developing and executing a 
plan, writing a program with or without support, and crea-
tion of algorithms to solve problems.

The second main objective addressed was improving the 
participants’ communication and social skills (12) such as 
turn taking in rule games [9, 20, 31, 33, 39, 41, 46], joint 
attention [31], imitation [31, 33, 39] and group regulation 
behaviors. Studies with children with sensory, motor and 
speech impairments included as well communication goals 
related to improving the use of alternative communication 

Table 1   Number of papers excluded (Ex) after full text (TC) assessment for eligibility and reasons for exclusion

Code Exclusion criteria #

TCExDida Studies that do not describe the main components of the teaching–learning experience (i.e., education-related 
goals, materials, teacher intervention, outcomes)

24

TCExTech Studies focused on technical developments (e.g., algorithm, software interface, facial recognition) 11
TCExRob Studies that use educational or assistive technology other than robots (e.g., virtual characters, tablets, aug-

mented or virtual reality)
3

TCExAssis Studies that use robotic technology for assistive or clinical purposes, such as robotic wheelchairs 2
TCExSen Studies reporting learning experiences not involving children with special needs 2
TCExReview Systematic or narrative reviews, meta-analyses and theoretical papers 1
TCExEdu Studies not reporting an educational experience 1
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systems, accessibility interfaces [22, 25] and Braille lan-
guage [28] (see Table 5).

3.3.3 � Scenarios, social context and activities

The robot-based activities were implemented in the follow-
ing teaching–learning scenarios:

1.	 Creative/constructive to design, create and build one’s 
own robots from kits to complete specific challenges or 
tasks (i.e., physical assembly of the robot from building 
materials). We include also creating the set on which the 
robot will perform;

2.	 Programming to design and implement a control pro-
gram enabling the robot to perform a task to solve prob-
lems of relevance to students or in game scenarios;

3.	 Controlling the robot to interact with the robots in dif-
ferent ways, including speech, touch, manipulation and 
gestures;

4.	 Social interaction to experience the relationship with the 
robot in interactive activities through a variety of com-
municative channels and modalities of verbal and non-
verbal interaction (e.g., tactile, visual, speech-based, 
gestural);

5.	 Play to engage in intrinsically motivating, flexible, spon-
taneous and voluntary activity with the robot and the 
robotic kits, experiencing cheerfulness and joy.

With regard to the social context of the activities, in 11 
studies, the learning activity was individual, 2 were run in 
pairs, and 10 were group activities. In 10 studies, the activi-
ties took place in more than one of the aforesaid structures.

Table 5 contains the five scenarios, the educative goals, 
examples of specific activities, the participant profiles, as 
well as the robots used.

In addition to the summarized information in Tables 2 and 
5, we offer here the description in more detail of three learn-
ing experiences as instances of practices in inclusive class-
rooms. In the innovative experience of co-design reported 

Table 3   Number of participants 
by learning disability and 
gender

Special needs addressed (target population) References Boys Girls Other Not specified Total

Multiple disabilities 7 94 29 1 1 125
Cognitive/social/learning disabilities 6 68 31 0 0 99
Severe physical disabilities 3 26 18 0 17 61
Visual impairment 4 13 7 0 0 20
Down’s syndrome 5 10 9 0 0 19
Autism spectrum disorder (ASD) 5 9 6 0 2 17
Language and speech impairment 2 0 0 0 14 14
Visuomotor issues 1 9 3 0 0 12
Motor impairment 1 0 0 0 9 9
Apathy and demotivation 1 0 0 0 8 8
Communication limitations 3 2 5 0 0 7
Tourette’s disorder (TD) 1 2 1 0 0 3
Borderline intellectual functioning (BIF) 1 0 2 0 0 2
Total 40 233 111 1 51 396

Table 4   Number of articles per robot type

Robot type Articles Name

Constructive robotic kit (with or without sensors, remote control, etc.) 9 LEGO series (8)
Bioloid kit (1)

Software-based programmable robots 10 LEGO series (8)
Ozobot (2)

Interactive machines built by the researchers from an educational kit not program-
mable by children

5 LEGO series

Social; Humanoid; Programmed by children or just interacted with/controlled by 
children (child-like or other appearance)

8 NAO (5); KASPAR (2); Bioloid kit (1)

Tangible programming robots 7 DASH (1), Bee-Bot (3), Codi-Oruga (1), KIBO (1)
Mobile robotic platform with social behaviors 5 IROMEC
Manipulative robots played with and controlled without programming activity 2 Daisy Robot (1), Cellulo Robotic Platform (1)
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by Metatla et al. [29], eight children with visual impairments 
from an inclusive school worked together with three bud-
dies non-disabled classmates and carried out four co-design 
workshops with the small toy-like robot Ozobot to design 
inclusive activities. The participants worked in groups of 
four children and one to two teacher assistants. The experi-
ence involved six teacher assistants and the school’s special 
education needs coordinator. Researchers shared facilitation 
roles with the educators, who were present as both partici-
pants and supporters of the sessions. The groups developed 
and tested a robot-based game, learning about and critiquing 
the robot technology and exploring its potential to support 
inclusive play experiences. As outcome, participants cre-
ated robot characters incorporating multisensory features 
(e.g., sound, textures and scent) and functions (e.g., a flying 
robot). Educators reported as an important outcome that the 
hands-on collaborative robot-based environment reduced 
the dependence on adults mediating the social interaction 
between children with disabilities and non-disable children.

Pliasa et al. [9] report an intervention where three chil-
dren with ASD and three more non-disabled children 
participated together in game-based activities with Daisy 
Robot. Participants were children aged 7–9 years old. The 
activity took place at the childrens’ inclusive elementary 
public-school. A teacher also participated during the base-
line evaluation session before the intervention and in the 
first step of the intervention. The aim of the study was to 
explore the beneficial effect of the learning activity on chil-
dren with ASD and on non-disabled children. Daisy robot 
is a semi-autonomous social robot in the shape of a flower 
that resembles a stuffed soft toy. The role of the Daisy robot 
was to mediate in the interactions among children with ASD, 
non-disable children, and their teacher. The digital games 
played were “Flower” where children removed the petals 
of a digital flower one by one taking turns, the “Memory” 
game, “Snakes and ladders” and “Snail Race”. The teacher’s 
role was to help the child with ASD to feel comfortable and 
safe in the new context. Also, by taking a player’s role, the 
teacher helped the child interpret the robot’s instructions to 
his/her teammates, both procedurally and emotionally. The 
robot provided all the necessary reminders of the rules and 
the prompts to children so as to stick to the rules and accom-
plish the tasks. Assisting the teacher, the robot can still be 
the “significant other” but to a lower degree. Observation 
scales and sub-scales were applied to measure changes in 
the abilities of communication, following instruction and 
rules, and turn taking, among others. The game engaged 
non-disabled children, and children with ASD became more 
motivated to engage in actions under the guidance of the 
robot, and their scores on almost all of the skills were per-
fected after the interventions.

Martí [38] reports an activity in an integrative primary 
school where the IROMEC robot were totally integrated in 

a learning scenario of storytelling. The participants were 
a group of non-disable students plus one child 8 years old 
with learning delay due to a mild cognitive disability. The 
IROMEC robot can show facial expressions incorporating 
the mouth, nose, eyes and eyebrows, as well as different 
levels of expressiveness and emotional states, enriched by 
original sounds to structure and articulate the play experi-
ence, creating a life-like impression of an imaginary animal-
like character. In this activity, the robot IROMEC played 
the role of a tortoise while the story told was The tortoise 
and the hare. The robot’s mobile configuration was used so 
that it could move about the classroom alone or with remote 
control. The activity was implemented by the mainstream 
teacher for 4 sessions using the teaching model normally 
used in class, either with the support of images or with the 
robot. When playing with the robot the performance of child 
with learning delay improved in terms of memorization of 
the story elements, ability to focus attention and reduction 
of exuberant motility. Another interesting aspect which 
emerged in the sessions with the IROMEC compared to ses-
sions with images was the climate in the group.

3.3.4 � Practitioners involved

In 11 studies, the general teacher was in charge of running 
the activity with or without the support of other practition-
ers. In 9 studies, special education teachers were involved. 
In 9 studies, the activity required the support of technical 
experts for preparation, set-up and/or implementation, and 
even to provide continuous technical assistance to adapt the 
robot to the different activities in real time. This technical 
support was provided by IT specialists, engineers, software 
engineers, robotics volunteers and assistive technology 
experts. In 19 studies, clinical practitioners were required, 
specifically psychotherapists, neuropsychiatrists, speech and 
language therapists, occupational therapists, and therapeutic 
recreation specialists. In 16 studies, other specialists were 
needed, including physical education teachers, facilitators, 
coaches, personal support workers, hospital volunteers, 
researchers, teaching assistants, educational guidance coun-
sellors and pre-service teachers specialized in Instructional 
Technologies.

3.3.5 � Duration

The total number of sessions ranged from just one session 
to 30. Activities carried out in 3–6 sessions were the most 
frequent (15 studies). The time span of the activities ranged 
between less than 1 month (5) to a full school year. In 15 
studies the total duration was not specified. The duration of 
the sessions lasted from 15–30 min to 2 h in 21 activities. 
The longest sessions lasted 2–3 days (10). In 11 studies, the 
length of the sessions was not specified.
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3.3.6 � Outcomes

Most of the experiences led to improvements in the edu-
cational goals and/or stakeholder satisfaction (i.e., teach-
ers, parents and children), though these improvements 
were sometimes not systematically evaluated or were not 
statistically significant [43]. The most frequent goal was 
to facilitate the understanding of concepts related to the 
STEM areas. The level of success at achieving the differ-
ent objectives varied from child to child depending on the 
nature and severity of their disability [39].

The majority of the studies concluded that robots could 
effectively be used as an educational technology to sup-
port the cognitive development of students with learning 
disabilities [29, 32, 37, 44]. Robots increase the physical-
ity of the experience and provide a greater sense of con-
trol [27]. Thus, the robot was used as a tangible cognitive 
tool to enable the kind of hands-on activities that are so 
beneficial for diverse cognitive development, including 
improvements to mental rotation, spatial vocabulary in 
Brainin et al. [49], visuo-spatial memory and mental plan-
ning in Bargagna, [36], learning of abstract concepts in 
López Montellano et al. [28], movement skills in Van 
Den Heuvel et al. [19] and measurement procedures in 
Adams and Cook [26]. According to Adams and Cook, 
with the aid of AT devices, even children with severe 
impairment could perform their own hands-on experi-
ments and ‘‘show what they know’’ [26].

In the domain of social interaction, robots promoted 
spontaneous verbalization and communication with other 
children with disabilities, with non-disabled peers and 
with their teachers [20, 38]. Students’ social and com-
munication skills seemed to improve when they were 
immersed in a shared interest such as coding or control-
ling the robot.

Another outcome frequently observed was children’s 
capability to transfer some of the skills learned with 
robots to other disciplines [47], to everyday school activi-
ties [39] and to post-secondary aspects of their lives [30].

Despite these promising results, some authors such as 
Aslanoglou et al. [35] are cautious and point out that the 
development of some children’s skills could partly have 
been due to the support and prompting received from the 
support staff and cannot be attributed exclusively to the 
robotics kit, the activities or their use in the educational 
process, but instead to a combination of many elements.

Finally, no detrimental effects on the behavior of non-
disabled children were observed as result of them work-
ing in mixed groups, and no issues arose to suggest that 
the development of non-disabled children was impeded 
by the participation and actions of their peers with dis-
abilities [9].

3.3.7 � Lessons learned for inclusive learning environments

Beyond a child’s individual outcomes, the analysis reveals 
other relevant findings for developing or re-creating the 
activities in order to, in the words of Pires et al., navigate 
toward situated inclusive classroom activities with children 
with mixed abilities [27]. However, the experiences reported 
raise some issues that may hinder the adoption of robot-
based practices in inclusive classrooms. Interestingly, the 
majority of the studies also offer informed recommendations 
to overcome these difficulties.

3.3.7.1  Opportunities  From the analyses, we can conclude 
that robots are attractive and engaging for children regard-
less their particular abilities, and are relevant elements to 
learn complex concepts such as CT, maths and spatial rela-
tionships in situated classroom experiences.

A reported component of the learning situation that 
encouraged acceptance of the robot was the creation of an 
exploratory, non-judgmental, shared responsibility environ-
ment that boosted participation and enthusiasm, which was 
in turn conducive to learning Knight et al. [30]. Being able 
to control, design and anticipate the robot’s actions gives 
children a sense of control and competence. In addition, 
the orientation to challenges, the hands-on character of the 
activities and the physical and mostly immediate response/
feedback from the robot, reduce the dependence on adults’ 
feedback, corrections and judgements, being the actual 
behavior of the robot what validate the actions taken [27].

The scalability of the challenges and the autonomy to 
complete the tasks gave the students an opportunity to make 
their own way [32] without feeling under pressure from other 
students [47]. Teachers could modify and adapt their classes 
to work on different personalized challenges, not only to 
meet students’ learning styles and capabilities but also to 
meet teachers’ previous experience [32, 36, 47].

Challenge-based activities were very well received by the 
students, as they viewed them as a game [47], although it 
seems that educators found it difficult to plan play for play’s 
sake [19].

3.3.7.2  Technical challenges  Some of the platforms used 
were not satisfactory enough because of shortcomings in 
terms of adaptability, expandability, autonomy and techni-
cal stability [20]. Delays and errors were noted in the NAO 
robot’s responses, as well as voice recognition problems 
in speech-based interaction in the study of Amanatiadis 
et al. [31] and card scan failures in Van Den Heuvel et al. 
[20]. The robot’s malfunction sometimes generated feelings 
of frustration and disconnection with the robot among the 
children, making it difficult for them to interact in the rest of 
the session [46].
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Though there have been efforts to make programming 
environments accessible and to devise tangible program-
ming setups, visually impaired children could not per-
form common spatial programming activities like sighted 
children did and thus did not benefit fully from spatial 
cognition and CT training [27]. Interesting recommenda-
tions for alternative and augmented communication were 
considered for children with severe physical disabilities 
as alternatives to speech-based interaction [20]. To make 
spatial tasks accessible to visually impaired children, it 
has been suggested that robots such as Bee-Bot and DASH 
could verbalize their actual position, next action, and the 
location of the target on a map [27], and even integrate 
different audio cues to express emotions and game state.

3.3.7.3  Recommendations  One of the most commonly 
mentioned difficulties integrating these activities in the 
mainstream curriculum and in the general classrooms is 
the availability of timely support. In order to work inde-
pendently without IT assistance, at least two teachers 
should be present in each session, with one controlling 
complex robots like NAO and the other working with the 
children [21], especially when the activities are performed 
in combination with AT [22].

Teachers reported the need of previous training in the 
use and programming of more complex robots like NAO 
[21]. Nevertheless, the teaching of digital, block-based 
coding to students does not require the teacher to be an 
expert at computer programming [30]. Advances in social 
robot programming may, in the future, allow anyone with 
only a small amount of training to program such a robot 
[46].

One critical aspect is the need to plan additional train-
ing for the children before the actual activity in the class-
room, such as individual sessions to familiarize them 
with the robot or to learn how to manipulate objects using 
AT systems. It is advisable to have the robot available at 
school for a longer time, allowing both children and prac-
titioners to work and get properly acquainted with it and 
with its technical functionalities, even with the simplest 
robots [36].

Some robot tasks took too long or were too difficult to 
perform [26]. One session per week proved insufficient to 
consolidate and boost learned abilities [36]. It would be 
useful to have flexible work environments enabling differ-
ent forms of communication, such as voice-commanded 
robots in the early stages, or for children with cognitive 
impairments, and only later include blocks as the pro-
gramming mechanism [27]. However, Encarnação et al. 
[22] point out that it can be difficult to manage different 
tasks when children use different robot’s configurations 
and AT mediated systems working in the same learning 
environment.

4 � Discussion

In this section, the research questions will be addressed 
and the findings discussed. The first research question 
asked which children with disabilities and special needs 
were targeted for and participated in the selected stud-
ies. We found a wide variety of abilities and limitations 
among different studies, among participants within the 
same study, and even among team members when activi-
ties were carried out in groups. The studies include young 
learners from 2 to 19 years old, with any kind of disabil-
ity, learning delay, learning disability, attentional impair-
ment, or sensory, physical, cognitive or emotional impair-
ment or disorder that affects learning and requires special 
educational attention, ranging from children with severe 
impairments in more than one functioning area to young 
demotivated students at high school (see Table 3).

The general conclusion is that all children can benefit 
from robots in their education. Albeit focusing on specific 
skills and needs, each study proposes learning scenarios 
and activities that are suitable not only for a particular 
group of children but which could also be used in person-
alized hands-on learning for all children in a class.

The second research question asked which robot or 
robotic platforms were used. We found a wide range of 
robotic platforms, including off-the-shelf commercial 
robots, research robots, adapted, accessorized and comple-
mented robots and robots fitted with assistive technology 
devices. Educational kits which allow both constructive 
and programming activities were the most used robotic 
tools, but the studies include also programmable robots 
(tangible or software based), social robots and interactive 
toys. It appears that specific features of robots are espe-
cially useful for children with specific types of disability 
and of certain ages. For example, toy-like tangible pro-
gramming robots like Bee-Bot or KIBO are preferred for 
youngest learners and for learners with cognitive impair-
ments. A relevant finding is that teachers and researchers 
changed, modified, adapted and customized robots to make 
them accessible to children with different needs. Of special 
interest is the use of robots in combination with assistive 
interfaces to thus enable alternative methods for manip-
ulating and interacting with the robot, especially in the 
cases of children with severe physical or sensory impair-
ment who are otherwise unable to benefit from hands-on 
experiences with robots.

The third research question asked what robot-based 
activities were implemented. We found a wide array of 
instructional designs ranging from 20 min of free play with 
a social robot in a mainstream classroom with the general 
teacher, to the formal months-long FIRST LEGO program 
supported by an educational and technical team made up 
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of more than four different specialists. We observe that 
robots can be used as learning support in curriculum sub-
jects such as mathematics and oral expression, as well as 
in activities aimed at learning about robots. The goals of 
these activities addressed all areas of child development 
and all curricular subjects, either as full programs that are 
scaled on different levels of difficulty or complexity, or as 
isolated activities to work on a specific goal. The activities 
were implemented individually, in pairs, or in groups. Spe-
cial mention should be made to inclusive activities where 
children with and without special education needs work 
together in the same group [9, 29, 32, 34, 38].

Finally, the fourth research question addresses the fea-
sibility of implementing these learning experiences in all 
learners’ environments and whether and to what extent 
these activities promote inclusion in the classroom. 
Regarding the potential to foster inclusion, the observed 
outcomes in participation, access to curricular content and 
inclusion are promising [22, 46].

In the experience with children with visual impairments 
in Pires et al. [27], the educators discussed the possible 
benefits of robot-based learning in situated classrooms 
and highlighted the importance of the robot’s physical and 
socio-emotional features that can be configured, custom-
ized and accessorized according to children’s needs.

The physical essence of robots, their capability to 
move and the multi-sensorial experience of interacting 
with them open rich scenarios for all learners. Embod-
ied, constructivist and constructionism theories highlight 
the importance of manipulating objects, not only to map 
structural cognitive connections but also to develop refined 
motor actions, proprioception, and tactile perception.

Many references saw an opportunity for inclusion in the 
adaptation of other general curricular learning activities 
to be performed through a programming task. In addition, 
tangible programming environments provided by robots 
such as KIBO, Bee-bot, and DASH can promote inclusive 
programming classrooms and clearly benefit all learners 
at least in the lower educative levels. Actioning tangible 
elements on the robot or manipulating the programming 
blocks activate embodied processes that may serve to 
integrate conceptual knowledge. Tangible programming 
increases the physicality of the activity and reduces the 
cognitive load for all learners. The studies of Metatla 
et al. [29] and Pires et al. [27] with children with visual 
impairment and of González—González et al. [15] with 
children with down’s syndrome bring promising evidence 
that inclusive tangible robot-based programming is worth 
pursuing, not only for learners with disability.

In different studies such as Marti and Iacono’s [41] with 
the mobile robot IROMEC, teachers reported the feasibility 
to integrate robot-based activities into general class dynam-
ics and stressed the potential of robots to create engaging 

scenarios where children interacted spontaneously, had fun 
and were equal partners during the game.

The robot-based activities facilitated group dynamics that 
are conducive to collaborative learning experiences, includ-
ing shared goal-game setting/execution, closely coupled 
division of labor, and interaction symmetry [29]. Accord-
ing to López Montellano et al. [28], when working together 
with non-disabled children, children with visual impair-
ments were able to participate autonomously in robotics 
activities based on tangible programming robots with minor 
adaptations. The collaborative nature of robot-based activi-
ties [30, 48] seems to foster a sense of teamwork among 
peers, encourage learning by imitation [36] and reduce the 
dependence on adults in social mediation with classmates 
[27]. Hence, Adams and Cook conclude from their stud-
ies [24–26] that children with physical and communication 
impairments working with LEGO robots seemed to enhance 
closer links with the curriculum -specifically maths content 
and communication skills- and with other students in the 
class.

5 � Conclusions

This study presents the current state-of-the-art of recently 
published literature on robot-based educational activities 
involving children with disabilities in pre-primary, primary, 
lower secondary and upper secondary education. The study 
focuses on three distinct areas: the children targeted, the 
robot used, and the learning activity implemented, from the 
perspective of their potential impact on inclusion. The paper 
summarizes the main empirical findings of 33 papers point-
ing out the main outcomes, challenges faced and recom-
mendations for good practices, as well as future research 
directions.

Our findings show that education with and about robots 
holds significant potential to enhance inclusive education. 
Most of the selected papers observed improvements in chil-
dren with disabilities’ learning, engagement, participation 
and social interaction.

Despite these promising results, it is noteworthy that 
robot-based activities have to be carefully designed to ensure 
accessibility of all learners, and should use stable, reliable 
robots with user-friendly interfaces. Teachers and special-
ists must have sufficient training to be confident and pro-
ficient in their use in order to avoid dependency on other 
experts, overload and resistance. The practices implemented 
both in mainstream schools and in special education centres 
indicate the convenience of collaborative work with psy-
chologists, pedagogues, special education teachers, general 
teachers, teaching assistants, and ICT specialists in order 
to plan, implement and support the instruction. Regarding 
the evaluation, the wide array of approaches and techniques 
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applied to measure the outcomes of the learning experiences 
is noticable, indicating the need for working toward a certain 
consensus around the use of outcome measure in order to 
make instruction design more evidence driven [52].

Several limitations in the review and in the set of studies 
analyzed can be acknowledged. First, the review is com-
posed of a small number of studies due to the limiting eligi-
bility criteria, and after full-text screening only 33 qualified 
for systematic analyses. Although we tried to be as inclusive 
as possible, the search did not cover the diversity of limi-
tations affecting learning from early childhood to adoles-
cence. Thus, further searches would be required for examin-
ing robot-based instruction for other specific special needs. 
In addition, it would be of the greatest interest for future 
reviews to expand the search into other leading sources on 
well-founded educative practice.

Aligned with previous literature [7, 8, 14], we found that 
girls were under-represented in the studies, and that gen-
der as a factor is not considered, in spite of the well-known 
gender differences in student’s attitudes toward science and 
technology [53]. In addition, papers do not describe ethnicity 
or cultural differences, so the findings cannot be generalized. 
Other limitations of the set of experiences examined are the 
small size of the groups of children participating in the ses-
sions, the lack of control group and follow up sessions, the 
reduced number of sessions investigated that cannot assess 
properly the results beyond the well-documented novelty 
effect, and the diversity of methodologies applied to assess 
outcomes. This review suggests that future research could 
involve larger samples, analyze gender and cultural fac-
tors, and examine strengths and weaknesses of the outcome 
measures to provide evidence-based knowledge to guide the 
design and implementation of robot-based interventions in 
inclusive classrooms.

Notwithstanding the complexity of attending all learn-
ers needs, the growing interest in educative robotics and in 
child–robot interaction, the ongoing policies and research in 
inclusive education, and the improvements in teacher train-
ing in STEM open new encouraging scenarios for diversity-
friendly classrooms.
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