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Abstract

:

In recent years, social robots have become part of a variety of human activities, especially in applications involving children, e.g., entertainment, education, companionship. The interest of this work lies in the interaction of social robots with children in the field of special education. This paper seeks to present a systematic review of the use of robots in special education, with the ultimate goal of highlighting the degree of integration of robots in this field worldwide. This work aims to explore the technologies of robots that are applied according to the impairment type of children. The study showed a large number of attempts to apply social robots to the special education of children with various impairments, especially in recent years, as well as a wide variety of social robots from the market involved in such activities. The main conclusion of this work is the finding that the specific field of application of social robots is at the first development step; however, it is expected to be of great concern to the research community in the coming years.
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1. Introduction


There is no doubt that in recent years we have witnessed the Fourth Industrial Revolution, the so-called Industry 4.0 [1] in Europe and Society 5.0 [2] in Japan. Among the main features of this technological advancement is the use of artificial intelligence algorithms in processing the available large volume of data and making decisions from it. The role of robotic systems appears to be enhanced in the field of executing specific actions based on the derived decisions.



In this context, there is a growing trend in the application of robots outside of industrial workplaces, in people’s daily lives, through the development of the so-called cyber-physical systems. As a direct consequence of this high integration of robots into society, the term social robots has been adopted [3] to include the new generation of robotic systems that interact with humans in daily activities such as entertainment [4,5,6], healthcare [7,8], and education. An outstanding work about the social acceptance of robots in different application fields is presented systematically in [9].



The field of application of social robots in the education of children is of paramount interest for the following important reasons: (1) the education of the young people in each country is a critical factor for maintaining and promoting the culture and traditions of each nation and (2) the provision of specialized education services to children with various impairments contributes to their integration into the society with equal opportunities and rights by fighting the social exclusions. Additionally, in the particular conditions that humanity is experiencing, such as the current pandemic of COVID-19, the need for distance education of special categories of children can be met to a satisfactory degree with the use of social robots [10].



In recent years, several approaches have been proposed for the use of social robots in the education of adults, with the robot participating in the educational process with multiple roles, as a presenter, teaching assistant, teacher, peer, or tutor [11]. Recent studies have highlighted the great acceptance of social robots by children and their parents [12,13]. Children are very willing to interact with social robots for the following reasons: (1) children treat robots not just as simple machines but as cute toys; (2) robots gain children’s attention because of their childlike appearance, while they have many interactive abilities (movements, sounds, colored lights, etc.); (3) social robots have the patience to teach children through many repetitions without getting tired; and (4) social robots are emotionally and behaviorally stable during their interaction with children.



The aforementioned advantages of using social robots in the educational process are much more valuable when the children interacting with the robots have some impairment. In these cases, the educational process is adapted to the special requirements of the children, with social robots being the center of attention for children. For example, in the case of children with autism, a critical factor in the effectiveness of an educational process is the children’s engagement in the lesson, as they present several difficulties in concentrating their attention. In this regard, several attempts to study the degree of children’s engagement during the lesson, as well as to develop ways to attract children’s attention in social robots, have been presented [14,15]. To this end, several multimodal behavioral analysis methods have been proposed [16,17]. Summarizing, the study of the methodologies applying social robots in special education is of particular interest, as it includes several scientific and technological challenges for various scientific disciplines, e.g., child psychology, developmental psychology, cognitive science, neuroscience, computer science.



1.1. Related Work


In order to better identify the contribution of this work to the research field of social robots for educational purposes, it will be constructive to present and comment on similar works that have been proposed so far.



The first systematic review of the application of social robots in education was presented in 2013 by Mubin et al. [18]. This review presented the published approaches based on the following four criteria: (1) the field of educational activity, (2) the role of the robot in the educational process, (3) the type of robot, and (4) the way the robot behaves. Following this categorization of publications and without mentioning any specific methodology for mining the included studies, about 60 papers published from 1996 to the beginning of 2013 were examined.



The second systematic literature review was presented in 2018 by Belpaeme et al. [11]. This study focused on identifying the technological challenges that exist in the development of robots for education, as well as the role of the appearance and behavior of robots in the outcomes of the educational procedure. For the analysis of the literature, three main criteria were adopted: (1) the effectiveness of the application of social robots in education, (2) the impact of integrating social robots into education and (3) the different roles that a social robot can play in the educational process. In light of the above criteria, about 80 papers published by 2018 were studied.



The third bibliographic study that investigates in a systematic way the application of social robots in education was presented in 2019 by Ismail et al. [19]. In this publication, for the first time in the literature, a thorough analysis and review of the application of social robots in the education of children with autism were presented. The study identified significant gaps in the international literature on the application of social robots to the education of children with autism. The identified gaps were (1) the lack of high diversity in the objectives of the researches, (2) the bias of the researches concerning the environment and the applied methodology in relation to the expected behaviors of children with autism and (3) the long-term effectiveness of interventions. The study analyzed about 130 papers published by 2018 and constitutes by far the most complete analysis of the use of social robots in educating children with autism.




1.2. Contribution of This Study


From the analysis of the previous section, it is concluded that most review publications regarding the application of social robots in education are limited to researches on typical education and only one review is dedicated to the case of children with ASD. The research field of integrating social robots into typical education is characterized by many scientific and technological challenges. However, the use of social robots in special education involves additional challenges, as the behavior and skills of children who may have one or multiple impairments vary.



The research community has identified and raised significant awareness of these challenges in special education, with the result that a significant number of efforts have been made in recent years. Although few [20], with limited scope, and non-systematic works have been published that review the application of social robots in special education, the gap for a systematic bibliographic review of this field still exists from the literature. This work seeks to fill this gap by identifying, organizing, processing, and creatively presenting research proposals for the use of social robots in special education in a holistic way.



The high importance of the application of robots in special education, both for children and for society, along with the lack of a systematic study in this field were the main pillars of inspiration for the present work. In addition to the systematic presentation of the research in this field, this paper seeks to contribute in the direction of answering specific questions formulated as follows:




	A. 

	
Question 1—What is the degree of integration of social robots in special education?









This question is answered through a quantitative and statistical analysis of the research attempts published in recent years. For this purpose, Section 2 presents in detail the research activity by presenting specific quantitative measures.



	B. 

	
Question 2—In which impairments have the social robots been used, under what conditions and experimental settings and with what results?







This question is answered in Section 3 through a structured presentation of the qualitative and quantitative characteristics of the research protocols that have been carried out, with a simultaneous reference to their technical settings.



	C. 

	
Question 3—What types of social robots are appropriate for each impairment and what is their performance?







In Section 4, a detailed analysis of the used robots and their performance for each impairment is presented as an attempt to answer this question. Conclusions about the appropriateness of the used social robots are drawn, towards defining a user guide for future research.



	D. 

	
Question 4—What are the challenges that need to be addressed by the researchers in this field, in order to achieve the successful integration of social robots in special education?







The information presented in the first four sections stimulates a constructive discussion in Section 5, in the direction of defining the main challenges provided by the researchers or concluded by this study.



Finally, Section 6 concludes this study by summarizing the answers to the above questions and puts forward the next actions that need to be planned for promoting social robots in special education to the next readiness level.





2. Materials and Methods


The methodology followed in this systematic review is based on the principles proposed by Kitchenham [21]. The proposed method consists of three main phases: planning, conducting, and reporting the review. Khalid [22] suggested preparing a checklist for conducting a systematic review, which was followed in the present systematic review. Some of the items in the checklist that are also used herein are: (1) the sources that were searched and the search terms used, (2) the inclusion/exclusion criteria and (3) the data extraction procedure.



2.1. Sources and Search Terms


The search was conducted in the Scopus [23] abstract and citation database, which provides a large amount of peer-reviewed literature from different fields. The search rules incorporating specific terms that were used in this study were the following:




	(1)

	
“(human–robot interaction) AND ((special education) OR (special needs education) OR disorder)” and




	(2)

	
“human–robot interaction” AND “autism”.









It should be noted that in both cases the search rules were applied to the article title, abstract and keywords. Both search rules overlap each other to a certain degree. The first case, though, searches for cases where a human–robot interaction was applied in any of the cases of special education or special needs education or generally a disorder. The second case searches for cases where a human–robot interaction was applied only on cases with autism.




2.2. Inclusion and Exclusion Criteria


The studies that were found needed to include at least two of the search terms that were used during the search. This means that one such study should certainly include the use of a robot and the target group should have at least one kind of impairment so that the group is considered to have special needs. Moreover, an additional constraint was applied; the studies should have been conducted between 2008 and 2020, meaning that the survey focused on the studies conducted in the last 13 years. This constraint is applied in order to analyze the recent status and trends. A diagram showing the exclusion procedure is shown in Figure 1, according to which 99 papers were further processed after removing duplicates and less relevant records by checking their titles and abstracts.




2.3. Data Extraction


The data that were extracted from each study were the following:




	-

	
The impairment type of the target group.




	-

	
The age range of the target group.




	-

	
The role of the robot in the interaction (if the interaction occurred only with the robot or with the cooperation of other persons, namely an instructor, other children, or a family member).




	-

	
The type of interaction between the target group and the robot (game, interaction, lessons, or other).




	-

	
The name of the robot that was used.




	-

	
The type of robot (humanoid, non-humanoid).




	-

	
The challenges faced during the study from the aspect of the functionality of the robot.









The above data were extracted from each study and organized into an Excel file.




2.4. Statistical Results


With the application of the aforementioned methodology, a sufficient set of published research papers were collected in the context of this work. The statistical analysis of all published publications is presented in this section.



2.4.1. Demographics


Figure 2 shows that most of the studies are conducted in Europe (47%, N = 46), followed by Asia (29%, N = 29) and North America (16%, N = 16). The rest (8%, N = 8) of the studies were conducted in South America, Oceania, while some studies included children from multiple continents.



The detailed country map of the conducted studies is illustrated in Figure 3. Most studies were conducted in the U.S.A. (14%, N = 14), followed by the UK (12%, N = 12), Italy (8%, N = 8), Malaysia (6%, N = 6), Iran (5%, N = 5) and Romania (5%, N = 5). The countries in which the studies were conducted are very sparse, with 50% (N = 49) of all corresponding to the following 28 countries: China (4), Portugal (4), France (4), Japan (4), Korea (3), Saudi Arabia (1), Qatar (2), Pakistan (2), New Zealand (2), the Netherlands (2), Australia (2), Greece (2), Belgium (2), the International Consortium (2), Kazakhstan (1), Azerbaijan (1), Turkey (1), Skopje (1), Singapore (1), Brazil (1), Quebec (1), Canada (1), Colombia (1), Ecuador (1), Finland (1), Ukraine (1), and Luxemburg (1).




2.4.2. Timeline


Figure 4 shows the number of publications per year. It seems that 2018 and 2019 were the years with the most publications (N = 16), followed by 2016 with 14 publications. It is worth mentioning that the last year (2020) of this study reveals a very low research activity, mainly due to the pandemic conditions caused by COVID-19.



The above publications are divided into publications for conferences, journals and books, as shown in Figure 5. Furthermore, there is an additional category showing that a study was conducted in the context of a dissertation.




2.4.3. Impairments


The variety of impairments for which the social robots have been applied is very large. Figure 6 illustrates that most of the studies were conducted with children with autism spectrum disorder (ASD), as, according to CDC’s Autism and Developmental Disabilities Monitoring Network [24], it is a very common disorder among children in the past years (1 in 59 children).



Following this impairment, most cases included children with cerebral palsy—CP (3). The applications of social robots in cases of cerebral palsy are training-oriented interactions. These interactions focus on training the child’s movements through training and other activities. Some of those cases also use a ball kicking interaction as a training method.



It should be noted here that the cases named “multiple” are cases where the participating children in the studies had multiple impairments. In addition to that, there were studies where the target group had a variety of disabilities, for example, two children with ASD and two children with Down Syndrome.



It seems that the different impairments on which social robots were applied are quite sparse: intellectual disabilities, down syndrome, developmental disorder, attention deficit hyperactive disorder (ADHD), psychosis, Prader–Willi syndrome, oncological disorders, learning disabilities, joint attention impairments, physical disabilities, spinal muscular atrophy, Asperger, amentia, hearing impairments, neuro-developmental disorder (NDD), etc.






3. Impairments Taxonomy


In this section, an attempt to constructively discuss the findings of the literature analysis of the published studies, based on the type of impairments of the children participating in the research, is presented. Moreover, Table 1, Table 2, Table 3 and Table 4 summarize the main quantitative characteristics of the examined studies of each impairment category.



3.1. Autism Spectrum Disorder (ASD)


Children with autism spectrum disorder impairment constitute the bigger target group for delivering social robot-aided special education. According to the literature analysis presented in the previous section, 66 studies focused on children with ASD, aiming to improve the social skills, attention, etc. of the children. The high percentage of the studies belonging to this category shows that ASD seems to be a priority in these types of studies. In 2019, Ismail et al. [19] presented a thorough study in deploying social robots for educating children with ASD. For this reason, it was decided to discuss herein only the approaches proposed in 2019 and 2020, since the works published before 2019 have been analyzed in-depth in the outstanding review of Ismail et al. [19].



Taheri et al. [25] aimed to improve the children’s social skills by teaching them music with the NAO robot. In the context of music-based scenarios, four children, at the age of six years old, interacted with the robot and learned to play drum and xylophone. The study showed several different results derived from questionnaires answered by both parents and therapists, having significant improvements on the children, such as: positively affecting their walking, speaking and handwriting, autism severity and parental stress decreased, social skills increased and improvement of the stereotyped behaviors. Those results though are limited due to the small number of participants and having no control group and the results can be highly affected by classes taken by children outside the study.



A study that was part of the EC-FP7 funded DREAM project [26] developed a system to make the NAO robot autonomous in therapy, in order to improve the children’s joint attention, imitation and turn-taking skills. They divided the experiments into two phases, one with a teleoperated robot (11 children, three to five years old) and one with the autonomous system (27 children), conducting experiments with a single-case alternative treatment design. The children took part in six to eight game sessions, with both groups showing signs of improvement within a significant time effect.



Study [27] also followed a simple approach, by teleoperating the CommU robot to provide daily-life guidance to the individuals and aimed to explore if caregivers can better address concerns of adolescents via the robot. The two participating girls (15 and 18 years old) were simply communicating with the robot, in the presence of the therapist, disclosing problems with human relationships or the identity of an individual they disliked, behaviors that had not previously occurred in direct conversations with teachers in their daily lives.



Attention is another highly affected aspect by ASD, which many studies have tried to improve through robotic interventions. Joint activities are a common interaction setup in this case, as they are a common interaction to elicit the children’s attention through various ways, through specific tasks therapies. Quite a few studies have used the NAO robot in these types of interactions; for example, the study in [28] incorporated two NAO robots to introduce the concept of multi-person communication to the children, testing cases with inter-robot communication and without. They validated the effectiveness of the intervention by analyzing the children’s cognitive state of the brain before and after the interventions. Twelve children (11 males and one female) participated in the study between the ages of 3.7 to 10.4 years old, which managed to improve their multi-communication skills. Specifically, the Childhood Autism Rating Scale showed the effectiveness of the therapy, with statistical results for joint attention and EEG module with F value = 20.36, p-value = 1.74 × 10−6 and F critical value = 3.28; joint attention and imitation were F value = 23.93, p-value = 3.79 × 10−7 and F critical value = 3.28 and the eye contact duration of each participant improved over the experiments. Another study that carried out a joint attention therapy was presented in [29], which aimed to find the effect of different visual stimuli in order to improve the children’s joint attention, by measuring the total eye contact time and number of times for each visual cue. The study included 12 children (11 males and one female), aged between 3.5 and 7.2 years old. Two attention cues were examined, with one them being more effective (blinking or rasta), with the blinking having 32.4 s and 65.1% accuracy eye contact and rasta having 38.8 s with 80.3%. The results showed that the prominence of the cue is important in establishing eye contact, showing effectiveness in the improvement of joint attention.



The INSIDE system, which allows for complex, semi-unstructured interactions and assessed the autonomy of the proposed system in the context of therapy sessions with children, was proposed by Melo et al. [30]. They used the non-humanoid social robot ASTRO, in therapy sessions with the children. The study was executed with three different groups of children (five boys 3.9 to 5.9 years old, six children and 18 children) targeting different scientific goals. The study with the last group of children included four weeks of interventions and 121 total sessions. All participants managed to complete more than 50% of the tasks during the intervention, with times being lower when the completion rate was higher. The eye gaze percentages showed that high percentages did not necessarily correspond to desirable behaviors and, lastly, most of their speech was directed to the robot, showing high engagement with the robot.



Ishak et al. [31] developed a new framework for robot and human interaction. They selected the humanoid social robot Rero, due to its reconfigurable capability, its ability to be developed in many forms, mobility, speech, its ability to be controlled and programmed and its attractiveness. The nine boys that participated, aged five to six years old, participated in introductory, listening and following instructions, looking and naming objects, focusing and learning colors and focusing and matching colors interaction modules. From the questionnaires that were answered, three out of five modules obtained high scores, with module 4 having the highest score.



Wood et al. [32] were developed some interaction games, to be played with the robot Kaspar to improve the children’s Visual Perspective Taking and Theory of Mind. The study was divided into an initial proof of concept that included three children, ages from three to five years old, and then a pilot study with 12 children (five female and seven males), aged from 11 to 14 years old. The sessions included the Smarties test, Sally–Anne test and the Charlie test, showing no significant differences between the pre- and post-test assessments. They utilized the McNemar test to analyze the results, with the Smarties test having p > 0.05, Sally–Anne p > 0.05 and the Wilcoxon signed ranks for the Charlie test (z = −1.41, p > 0.05). Despite those results, 7 out of 12 children achieved a higher success level in at least one post-test, with seven children showing an increased number of successful tasks in the post-test.



Sign language teaching has also been studied in [33], by designing a humanoid social robot InMoov by taking into account the characteristics of children with ASD (impaired language, communication, social behavior and narrow flexibility in daily activities). The robot taught nine assistive signs to 10 children, who managed to imitate the robot and keep their focus on it, reporting positive experiences, with a one-sample Wilcoxon signed rank test revealing that the median number of total successful repetitions was significantly greater than zero (p = 0.011).



The impact of a robot through storytelling, games, exercises and singing interactions with the children was tested and analyzed by Qidwai et al. [34]. The NAO robot that was used in the study, with the teacher being present, showing improved performance with the children. Fifteen children participated in the study, aged from 7 to 11 years old. The improvement was quantified in terms of the robot activity as an independent variable, following dependent behavioral variables from the responses of the children, specifically: the number of trials, activity response time, response type and behavior retention. Applying the null hypothesis, showing that it was too significant and could be disqualified through the experiments, meant that the use of NAO showed significant improvement in several aspects and confirmed the confidence level for the techniques used.



Study [35] was part of an ongoing project and included the NAO robot and a pet-like robot MiRo, in interaction with play activities within a simulated clinical procedure. Five five-year-old children took part in the study, with which parents and carers were present during the interactions to ensure that they were comfortable. From the video analysis they conducted, along with the parents’ feedback, they confirmed that there were possible benefits to reducing the children’s anxiety and increased their compliance with instructions. Specifically, four out of five children enjoyed the interaction with both robots, executing on average 82% of the robot’s instructions, while one engaged with only 17% of those. The same four children completed the procedures and were happy to stay longer.



Zhang et al. [36] investigated the ability of children with ASD to develop social skills through playing distrust and deception games with the NAO social robot. Two equally sized groups of children participated in this study: twenty children (two females, 18 males) with ASD and ages between five and eight years old and twenty (three females, 17 males) typical developing children. All the children participated in three main tasks, namely the “warm-up session”, “distrust and deception, and “interview” about their anthropomorphic thinking of the robot. An important outcome of this study was the observation that children with ASD seemed to more readily consider the robot anthropomorphic than the children with TD. Moreover, children with ASD liked to interact with a robot more than with a human in distrust tasks.



Some useful quantitative information of the studies discussed in this section is summarized in Table 1. It is noted that the symbol “-” implies that this information is not provided in the corresponding reference.
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Table 1. Quantitative information of the examined ASD studies.






Table 1. Quantitative information of the examined ASD studies.





	Ref.
	Objectives
	Interaction
	Age Range

(Years)
	Participants Total

(Female, Male)
	Robot

Name
	Robot

Type
	Robot

Role





	[25]
	Teach fundamentals of music, improve social/cognitive skills
	Music-based scenario
	6
	4 (0, 4)
	NAO
	Humanoid
	Main interaction



	[26]
	Improve joint attention, imitation and turn-taking skills
	Games
	3–5

(Phase 1)

-

(Phase 2)
	11 (-, -)

(Phase 1)

27 (-, -)

(Phase 2)
	NAO
	Humanoid
	Main interaction. Therapist present



	[27]
	If caregivers can better address concerns of adolescents with ASD via a desktop humanoid robot
	Conversations
	15, 18
	2 (0, 2)
	CommU
	Humanoid
	Main interaction, tele-operated by caregiver, cases of caregiver being in the same room and in a different room



	[28]
	Find parameters that can improve the multi-communication skills
	Intervention adaptive therapy games (joint attention and imitation)
	3.7–10.4
	12 (1, 11)
	2 NAO
	Humanoid
	Main interaction



	[29]
	Find effect of different visual stimuli in order to improve the joint attention
	Joint attention therapy
	3.5–7.2
	12 (1, 11)
	NAO
	Humanoid
	Main interaction



	[30]
	Assess autonomy of robot
	Therapy sessions
	3.9–5.9

-

-
	5 (0, 5)

6 (-, -)

18 (-, -)
	ASTRO
	Non-Humanoid
	Main interaction



	[31]
	Measure effectiveness of interaction module
	Interaction modules
	5–6
	9 (0, 9)
	Rero
	Humanoid
	Main interaction, therapist present, experimenter hidden



	[32]
	See whether the games played with the robot improve the children’s visual perspective taking (VPT) and theory of mind (TOM)
	Games
	3–5

(initial proof of concept), 11–14

(pilot study)
	3 (-, -)

12 (5, 7)
	Kaspar
	Humanoid
	Main interaction, therapist present



	[33]
	Examine whether children successfully imitate the robot and if they focus attention on the robot
	Sign language teaching
	-
	10 (-, -)
	InMoov
	Humanoid
	Main interaction, therapist and companions present



	[34]
	Test and analyze impact of robot
	Storytelling, games, exercises, song
	7–11
	15 (-, -)
	NAO
	Humanoid
	Main interaction, teacher present



	[35]
	Evaluate benefits in anxiety reduction and instruction compliance
	Mixed play activities
	5
	5 (-, -)
	NAO, MiRo
	Humanoid, Non-Humanoid
	Main interaction, therapist and parents present



	[36]
	Develop social skills
	Distrust and deception games
	5–8
	20 (2, 18)
	NAO
	Humanoid
	Main interaction









3.2. Multiple Impairments


Table 2 shows the information for each study that included children with multiple impairments (children that had more than one impairment). These studies seem to have several differences in the kind of interactions, the target of improvement and the type of robot that was used. This is reasonable, as these cases seem to be more complex as the impairment is not strictly defined, meaning that each child has more than one impairment and the “group” of impairments being different from child to child and from study to study.



In detail, some of the disabilities that the children had in these studies include ASD, motor and language impairments, tuberous sclerosis, Down syndrome, ADHD, cognitive impairments, cerebral palsy, epilepsy and intellectual disabilities.



That being said, the aims of those studies can be grouped as follows: investigation of the effects of the robot, improvement of cognitive skills and mobility, improvement of mobility, improvement of communication and interaction skills, improvement of communication and learning a specific skill. One can see that some of those aims have similarities; for example, one study may aim to improve just the cognitive skills of the robot while another will aim to improve the children’s cognitive skills along with its mobility. The aims of those studies were achieved with a different kind of interaction. Those interactions were exercises for the specific aim (speech exercises for speech therapy, movement exercises for mobility therapy, etc.), games and play sessions with the robot, free interactions and communication and interaction with the robot. It is obvious that the studies that aim to improve specific skills do so using the same kind of interaction.



Following that, the different robots that were used in those studies are NAO, Iromec, Kaspar, SPELTRA, Paro, and in two cases, a Lego robot (WeDo and Lego Mindstorms). Most of those robots are humanoid (NAO, Kaspar, SPELTRA and Lego Mindstorms) and it seems that they are closely related to the improvement of the social skills and mobility of the children. This is because those robots can carry out movements that children can imitate and, as a result, improve their mobility. In the case of non-humanoid robots (Iromec, Paro and WeDo), they are connected with the improvements of the children’s cognitive skills as in those cases the interaction is a game/play session or a free interaction.



More specifically, Lindsay and Hounsell [37] helped to address the educational, cognitive, physical and social needs of the children, engaging youth with disabilities in a robotics program; as a result, the children enjoyed and learned about computer programming and building robots, while also considering working in this area in the future. Children with spinal muscular atrophy, cerebral palsy, developmental disorder, and intellectual disabilities participated in this study. They aimed to engage the children in STEM by performing workshops with other engineers and teachers in which the children had to program the robot to solve problems.



In this kind of study, the type of the robot does not seem to be an important factor as the children’s main aim was to program the robots so that they can solve problems. This is because the children did not have direct interaction with the robot (for example, playing a game or social interaction) and so the robot did not need to have human-like characteristics. The robots that were used in the study were WeDo [38] and Lego Mindstorms [38], which, although one is humanoid, have quite a few differences in appearance compared to other social robots.



During the study, the children had to build the robots in addition to programming them, with the help of teachers and other staff members of the hospital in which the study was conducted. The 18 children that participated in the workshops were between the ages of six and 13 years old, four of which were female and 14 male. Concerning the weaknesses of the study, the first one is that it was a pilot study and was conducted at only one site. Secondly, girls were under-represented in the program, and therefore, they recommended that future studies make concerted efforts to include more girls. Thirdly, they recognized that STEM learning for children with various disabilities may have different meanings and is an area worthy of further exploration.



In [39], the results obtained in the experimental plan shown that children with cerebral palsy and communication disorders can adapt quickly to the robot, and in the case of the phonemic area, an immediate improvement in the results has been demonstrated. In [40], it was stated that the children with global cognitive retardation, developmental disorder, epilepsy, and language retardation were interested in the robot and in the play activity, regardless of their different disabilities, and they were engaged in the activity from the very beginning of the session. The robot’s appearance and behavior did not seem to evoke an agent with its inner states intentionality and this radically reduces the potential of the robot as a mediator of social exchanges. The main issues are mainly related to the functional aspect of the visual interface that does not adequately support a life-like metaphor and meaning attribution processes. Another problem was related to the design of the physical appearance of the robot: children perceived the two screen displays (one used for the face and the other one located on top of the main body) as separate components that do not constitute a whole. Most of the child’s attention was focused on the body screen where the commands of the game are entered. The face disappears in the background as well as most of the robot expressiveness. This negatively impacted the interpretation process, thus forbidding the emergence of the role of social mediator.



Three studies focusing on attention, imitation, joint attention and turn-taking were presented in [41]. One subject’s “no response” count decreased and flattened out with a noticeable improvement in a future session. Likewise, the “correct response” count consistently increased with a noticeable improvement at a later session. These counts are consistent with the increase of total directives over time. For another subject, the results were inconclusive, although they performed well during the first session (total directives = 16, no response = 1, and correct response = 15), were despondent during the second session and were turn-taking during the third session, and thus were removed from the therapy in both cases. Another subject made considerable progress according to the speech and language pathologist (SLP) and the special education teacher.



A study to identify the utility of interacting with the NAO robot was presented in [42], including six children with several impairments, e.g., ASD, global developmental delay, cerebral palsy, epilepsy. The Wilcoxon signed-rank test showed that for the group as a whole, ratings were significantly (z = 2.023, p = 0.043) higher when working with the robot examining the individual results indicates that for three of the pupils (S.H., S.T. and T.H.) the engagement increased over time.



Marti and Iacono [43] investigated the utility of the Iromec robot to support the educational activities of four children by playing, concerning the following areas of development: sensory development (S), motor development (M), social and emotional development (SE), cognitive development (C) and communication and interaction (CI). They did not record any positive changes for the sensory developmental area, even if these data were not confirmed from the qualitative analysis and the comments of the special education teachers. The motor developmental area was the only one that did not report any negative changes. Overall, the unchanged items for all the children were 334, the decremented items were 128 and the incremented items were 120, with 144 items being recorded for two of the children and 147 for the other two.



The study in [44] included 11 children aged between 6 and 10 years old with different and multiple neuro-developmental disorders (ASD, Down syndrome, intellectual disabilities, Prader–Willi syndrome and psychosis). It aimed to investigate the potential of the robot as a tool to help children with NDD learn through free play. As some of the children had severe cognitive deficits and others had socialization problems, they were split into two groups in which the first group played alone with the robot and the second played with a peer. They used the non-humanoid robot Teo, which was co-designed by a team of designers, engineers and NDD therapists in the context of the study. This means that the choice of the robot may be critical in cases of children with different NDD disorders. In this case, Teo should be able to have multimodal interactions, offer different types of stimuli, provide clear feedback and have consistent behavior.



During unforeseen situations, the trainer (therapist) had to assist the robot with problems it could not solve for the children by itself. In scenarios where the robot was teaching a child different skills or behaviors, they needed to reduce unforeseen situations to a minimum. The robot’s speech, however, provoked multiple reactions. The children reacted verbally to the rate of the robot’s speech and some inaccuracies in pronunciation were obviously noticed by the children, prompting critical remarks from the children.



The variables that were analyzed during this study were: communication with Teo, manipulation of Teo, externalization of need, positive emotions, negative emotions, creativity, body stereotypes and social play (for the case of children that were paired with the robot and a second peer). Overall, two children had the highest increase on the variable “communication with Teo” during the second session, while others had a high decrease. In addition, for four children, there was an increase in some variables from the first session to the second, while there was a strong decrease in two children. The variable “manipulation of Teo” had a decrease for all children except for two of them. Additionally, the variables “externalization of needs”, “positive emotions” and “negative emotions” showed a positive trend in the second session in both groups of children. Lastly, the study mentions that in empirical researches involving subjects with severe and multiple disabilities, causality relationships are hard to measure and it is almost impossible to isolate all potentially confounding variables that may influence the improvement.



In [45], the two participating adolescents with ASD and mental impairment had resistances and challenges during the interaction with the robot initially, for example, not being able to distinguish the colored cards or not being able to activate the robot’s motions. However, they had improvements in the interaction and understanding of the interaction and its tools, managing to activate its movements with cards or not, without problems. Additionally, the behaviors “ignores robot” and “stares at the robot” that were measured decreased throughout the sessions and the children became more engaged with the robot.



Children with physical disabilities (cerebral palsy or brain injury), and cognitive impairments, some of them unable to walk, participated in a study in [46]. For this reason, the interaction between the robot and the children was based on body exercises that focused on improving their movements and their cognitive skills, as most of them also had cognitive impairments. The humanoid robot used in this study was ZORA (NAO) due to its simplified software, which is focused on the application in the rehabilitation and care sector and due to its attractive appearance, variation of interaction and communication skills. This study included 17 participants, of which seven were female and 10 male, between the ages of 2.6 to 18 years old. The quantitative results of the study showed a positive contribution of the robot towards achieving therapeutic and educational goals as measured with the IPPA (individually prioritized problem assessment). Specifically, the mean score of IPPA before the sessions was 11.8, with a minimum of 6 and a maximum of 15 (SD: 3.0), and the mean score after the sessions was 8.8, with a minimum of 3 and a maximum of 15.3 (SD: 3.5).



Iacono et al. [47] compared the Iromec and Kaspar social robots in interacting with 10 children with ASD and cognitive impairments. This study has shown positive results in the developmental target areas. Additionally, and according to the teachers’ statements, the interaction with the robots seemed to have had a positive influence on individual development.



In another study [48], three students with ASD and intellectual disabilities became more confident and willing to engage in conversation after interacting with the NAO robot over a period of time. All of the students enrolled in the disability unit (DU) took the opportunity to interact with the robot. For some students, progress was more marked than for others, and the acquired skills were relative to the cognitive ability of the student. In the fourth study, the children were interested in the robot and in the play activity regardless of their different disabilities. Children were engaged in the activity from the very beginning of the session.



Nakadoi [49] investigated the effectiveness of the Paro robot in the therapy of nine children with ASD, developmental disorders, mood disorder, anxiety disorder, etc. aged between 8 and 19 years old. The first patient seemed to treat Paro like a living animal. They saw a pleased expression on her face when some patients were interested in Paro and gathered around her and Paro. Two weeks later, though her autistic trait remained completely unchanged, she gradually started to talk in a relaxed way. For the second patient, they gave him Paro instead of an antipsychotic drug when he had the impulse to go back home. He liked Paro and held it with pleasure in the day room of the ward almost every day, though they could not find deep interaction between him and other patients. He often said hello to Paro. He seemed to treat Paro like a living animal. He sometimes went to sleep with Paro, which was an exceptional allowance for him. Two weeks later, they saw a calm expression on his face.



In [50], the 30 participating children with cognitive disabilities were interacting with the NAO robot towards improving their cleaning skills. They answer a pre-test and post-test questionnaire with six verb and picture questions to assess their improvement after the tests. All groups improved their knowledge and skills between the pre-test (M = 5.43, SD = 1.85) and the post-test (M = 7.05, SD = 1.60). The students’ IQ levels showed an improvement in functional knowledge and skills at the end of this study. Although all groups’ scores increased, students with moderate cognitive disabilities and severe cognitive disabilities achieved significantly better improvements than those with mild cognitive disabilities.



The authors in [51] focused on the impact of children with ASD and intellectual disabilities (ID) interacting with social robots. They applied the robot as an assisting tool for the Verbal Behavior Milestones Assessment and Placement Program (VB MAPP). The humanoid robot NAO was used due to its 25 degrees of freedom, face detection capabilities, its ability to mimic eye contact by moving its head accordingly, simulate emotions by changing its eye colors and because it can capture a lot of information about the environment. Only six males participated with a mean age of 8.7 years old.



The children with mild, moderate, and severe ID were successful at the end of the therapy; in fact, they were able to adequately perform the VB-MAPP tasks. On the other side, two children with profound ID did not benefit from the robot-assisted therapy, as they were not able to perform any task. The video analysis shows that all children increased the time spent imitating the robot. More significant is the progress of those that learned how to perform the task, while the increase of the two children that were not successful, at around 5%, was negligible.



The results suggest that there is a need to find more advanced solutions and approaches for persons with profound ID. This is the case that requires more care and, thus, the robot-assisted therapy may be very welcome by the therapeutic team, who can reduce their workload by allowing parts of the treatment to be taken over by a robot. Due to the relatively low number of participants and the absence of a control group, the results of this study only indicate the underlying potential of research in this field.



Wan et al. [52] conducted a medium-scale study for investigating the preferences of 74 children with ASD and developmental delay (DD), for the appearances and functionalities of the robots interacting with them. The authors applied a visual attention analysis methodology, as well as a statistical analysis of questionnaires, in order to derive conclusions regarding the physical robot design and the ability of three different robots (Dabao, XiaoE, and Mika) to attract the attention of the children. Dabao robot was the most popular for the children and their parents, while the proposed attention analysis method was able to provide quantitative information w.r.t. the engagement level of the participating children.



In [53], the authors aimed to study the effect of the Cozmo robot on the behavior of six adults with ASD, intellectual disabilities and Down syndrome when they play with it in groups. Τhis interaction with the robot had a positive effect on the development of collaborative and competitive attitudes between the participants.



Zhanatkyzy et al. [54] analyzed the video recordings of several sessions in which 21 children (three female, 18 male) with ASD, ADHD and delayed speech development (DSD) interacted with a NAO robot during play. This study aimed to discover behavioral patterns of the children as well as to measure their engagement in the play. Due to the interaction with the robot, children showed an increasing engagement and eye contact with the robot session by session. The same authors in another study [55] proposed a novel robot behavior targeting children with ASD and ADHD, aiming to increase the engagement level of the 15 boys who participated in a series of sessions. The experimental results showed an increase in the level of engagement and therefore the improvement of the acceptance by the children of the educational process.
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Table 2. Quantitative information of the examined studies with multiple impairments.
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	Ref.
	Impairments
	Objectives
	Interaction
	Age Range

(Years)
	Participants Total

(Female, Male)
	Robot

Name
	Robot

Type
	Robot

Role





	[37]
	Spinal muscular atrophy, cerebral palsy, developmental disorder, intellectual disabilities
	Engage children in STEM
	Workshops
	6–13
	18 (4, 14)
	WeDo, Lego

Mindstorms/EV3
	Non-Humanoid, Humanoid
	Main interaction



	[39]
	Cerebral palsy, communication disorders
	Speech therapy
	Exercises
	-
	14 (-, -)
	SPELTRA
	Humanoid
	Main interaction, therapist present



	[40]
	Global cognitive retardation, developmental disorder, epilepsy, language retardation
	Investigation of effects of robot
	Game
	6–11
	5 (3, 2)
	Iromec
	Non-Humanoid
	Main interaction, single and two child tests, one teacher involved in activity, another observing



	[41]
	ASD, speech–language impairment,
	Improve social and attentions skills
	Social interaction and exercises
	6–9
	3 (1, 2)
	NAO
	Humanoid
	Main interaction, parent and researcher present, robot operated



	[42]
	ASD, Global developmental delay, cerebral palsy, epilepsy
	Improve mobility
	Sessions
	9–17
	6 (2, 4)
	NAO
	Humanoid
	Main interaction



	[43]
	Global cognitive disability, tuberous sclerosis, ADHD, motor impairments
	Improve mobility and cognitive skills
	Play sessions
	6–11
	4 (3, 1)
	Iromec
	Non-Humanoid
	Main interaction, individual or group sessions, teacher and facilitator present



	[44]
	Prader–Willi disorder, psychosis, Down syndrome,

intellectual disabilities
	Learn through play with the robot

Investigation of effects of robot
	Free play
	6–10
	11 (-, -)
	Teo
	Non-Humanoid
	Main interaction, therapist present



	[45]
	ASD, mental impairment
	Improve mobility
	Play sessions
	adolescents
	2 (-, -)
	Lego Mindstorms NTX
	Humanoid
	Main interaction, researcher present



	[46]
	Physical disabilities, cognitive impairments
	Improvement of movements and cognitive skills
	Body exercises
	2.6–18
	17 (7, 10)
	ZORA (NAO)
	Humanoid
	Main interaction, Wizard of Oz



	[47]
	ASD, cognitive impairments
	Improve social and cognitive skills
	Play scenarios
	8.3 avg.
	10 (1, 9)
	Iromec, Kaspar
	Non-Humanoid, Humanoid
	Main interaction, experimenter present



	[48]
	ASD, intellectual disabilities
	Improve communication skills
	Communication and interaction.
	8–13
	3 (0, 3)
	NAO
	Humanoid
	Main interaction



	[49]
	ASD, developmental disorders,

mood disorder, anxiety disorder
	Investigation of effects of robot
	Free interaction
	8–19
	9 (5, 4)
	Paro
	Non-Humanoid
	Main interaction



	[50]
	Different levels of cognitive disabilities
	Learn cleaning skills
	Training session
	10–18
	30 (-, -)
	NAO
	Humanoid
	Main interaction, controlled by experimenter



	[51]
	ASD, intellectual disability
	Rehabilitation
	Imitation tasks
	8.7 avg.
	6 (0, 6)
	NAO
	Humanoid
	Main interaction, teacher present



	[52]
	ASD, developmental delay (DD)
	Find the preferences of the children for appearances and functionalities of the robots
	Free play
	7.8 avg.
	74 (11, 63)
	Dabao

XiaoE

Mika
	Humanoid
	Main interaction



	[53]
	ASD, intellectual disability, Down syndrome
	Analyze the behavior of the participants
	Games
	24–42
	6 (5, 1)
	Cozmo
	Non-Humanoid
	Main interaction



	[54]
	ASD, ADHD, delayed speech development (DSD)
	Engagement level measuring, find behavioral patterns
	Games
	4–8
	21 (3, 18)
	NAO
	Humanoid
	Main interaction, researcher is present



	[55]
	ASD, ADHD
	Apply a novel robot behavior
	Imitation games
	3–5

6–12
	7 (0, 7)

8 (0, 8)
	NAO
	Humanoid
	Main interaction, researcher is present









3.3. Cerebral Palsy


This section summarizes (Table 3) the studies that included children with cerebral palsy or focused on treating or improving the mobility of children with cerebral palsy.



The studies in [56,57] focused on improving the children’s mobility, both by performing body exercises with the robot (for example, performing specific movements, kicking a ball, or sitting and standing). Study [56] included six participants aged between four and nine years old, while in [57] only two male children participated, ages 9 and 13 years old. The experiments in [56] were executed using KineTron robot, and [57,58] with NAO. KineTron was chosen because of its ability to carry out precise movements with specified speed and force, providing feedback about position and tension and the ability to arrange complex movement patterns with the use of its special software RoboPlus. NAO was chosen for the same reasons as it includes position sensors at each joint, loudspeakers, sonars on the body, voice recognition and bumpers on its feet.



On the other hand, Ríos-Rincón et al. [59] focused on improving the children’s playfulness by letting them play with the Lego Invention “Roverbot” robot [38]. This non-humanoid robot was selected mainly because, as mentioned above, they aimed to improve the children’s playfulness and not their mobility or motor skills. This study included one female and three male participants between the ages of five and nine years old. The playfulness of the children was scored based on Rasch analysis using Facets. All of the data points in the intervention phase fell above the extended celeration line demonstrating, according to Bloom’s criterion, which change during the intervention was statistically significant (p-value < 0.05). The effect size, calculated using the improvement rate difference (IRD), was moderate: 0.58 (58%) for one child and large: 1 (100%) for the other children. During intervention, all children had an increase in Control-self specifically the items decides, modifies, initiates and transitions. The fit statistics of the playfulness data indicated that 87% of the data was within acceptable limits of the Rasch model. Additionally, mothers’ rating of play performance and satisfaction with performance on the COPM increased for all children during the intervention and some carry-over effects were perceived by mothers after the intervention. Most (81%) COPM scores improved more than two units during the intervention.



The usage of Lego Invention robots in [59] had many advantages, although they are not 100% accurate in their movements. Some children were momentarily disappointed when the robot did not go in the exact expected direction, similar to previous research. Children expressed frustration when the infrared signal did not reach the robot sensor in some sessions. A robot wheel and the robot scoop fell off in some sessions. Moreover, the authors mentioned that the robot seemed to misinterpret children with speech impairments.
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Table 3. Quantitative information of the examined studies with cerebral palsy.
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	Ref.
	Objectives
	Interaction
	Age Range

(Years)
	Participants Total

(Female, Male)
	Robot

Name
	Robot

Type
	Robot

Role





	[56]
	Neurophysiological rehabilitation
	Exercises
	4–9
	6 (-, -)
	KineTron
	Humanoid
	Main interaction, therapist present



	[57]
	Improve mobility
	Exercises
	9–13
	2 (0, 2)
	NAO
	Humanoid
	Main interaction



	[59]
	Improve playfulness
	Training sessions
	5–9
	4 (1, 3)
	Lego Invention “Roverbot”
	Non-Humanoid
	Main interaction, child with mother









3.4. Other Impairments


Table 4 shows the information for each study that is not categorized to the previous discussed cases. Moreover, these studies are discussed hereafter.



3.4.1. Attention Deficit Hyperactivity Disorder (ADHD)


A single study [60] was conducted with children with only ADHD and it seems that it was carried out to observe the effects of the interaction of children with the robot. The study focused on collaborative learning (learn about the history of Japan) with the robot while the teachers that were present observed the interaction. Ifbot [61], which was used in this study, is a non-humanoid robot. The design of the robot is itself conversational, which can be used to support learning and promotes effective learning, with a limited number of expressions and arm and body movements. Additionally, the robot was controlled with the Wizard of Oz method during the interaction by one of the teachers. Three children participated, which is a small sample size and without any reference to their age and gender. Lastly, the results of the interaction were evaluated by the total time of the interaction in each case (with and without the robot), for two different learning sessions. Specifically, the learning time (min:sec) without the robot was 15:28 and 12:49 for each session and with the robot was 18:05 and 13:45, the running time (number of times the children get up and run) without the robot was 6 and 5 and with the robot was 7 and 9, and the average break time (min:sec) during the sessions without the robot was 0:49 and 1:52 and with the robot was 0:37 and 1:18.




3.4.2. Hearing Impairments


The conducted search in the literature found only one study that focused on children with hearing impairments. This study [62] focused on teaching the children sign language through two different sign games. In this game, after learning the signs from a multiple-choice test at two different levels (beginner and advanced), the children could choose one of the available robots (Robovie R3 [63] and Nao) to play with. Those two robots were chosen due to their degrees of freedom (29 and 25, respectively) and their fingers in their hands (five and three, respectively). The participating children were 31 in total (16 female and 15 male) and aged between seven and 16 years old. Ten of those children were advanced sign users and the others were beginner level sign users.



As a result, children of different levels of hearing impairment and sign language information were motivated to play with the applications. The children of beginner level preferred to play with the NAO robot first (12 children played their first game with NAO and nine with R3). However, their average error rates were smaller in the games played with R3 than NAO in the first games (average error rate with R3 = 2.8; NAO = 4.7), and total error in both games (R3 = 3.1; NAO = 4.3). Lastly, there was a case of a signed word (“table”) where the children noted that the robots, mostly in the case of NAO, did not correctly sign it because R3 has more distinguishable hands and fingers.




3.4.3. Down Syndrome


Two studies that included children with Down syndrome were found in the literature [64,65]. None of the studies seem to have specific therapeutic aims for the children, although there may have been some positive results from those interactions. The studies focused on comparing the robots they used or investigated their effects on the children. In both cases, the interactions between the robot and the children included play scenarios with specific objectives or a free play scenario where the children were left to play freely with the robot.



The NAO robot and Lego Mindstorm KRAZ3 (humanoid and non-humanoid, respectively) were deployed in [64]. The two robots were used for two weeks for eight sessions each. Generally, during the tasks, the children were asked to move the robots in different ways (buttons or verbally) in particular directions, inside a maze, or in other kinds of conditions. NAO was chosen because it can be programmed to pick out specific inputs and respond appropriately, it can change its posture from standing down to standing up, can dance, talk and respond to sounds and pictures, and simple questions can be asked to it either verbally or with a tablet. On the other hand, the Lego Mindstorm was chosen because it can be controlled to move in different directions, detect colors, and be controlled with an infrared remote and generally because it was designed for educational purposes. Study [65] was similar to the first study, where they compared a humanoid (Kaspar [66]) and non-humanoid (Iromec [67]) robot through play scenarios. The scenarios that the children played were: “turn-taking”, “move the robot” and an imitation scenario. Iromec robot was used because it can move in space, detect obstacles, has a digital touch screen on top of it with graphical interface elements, can engage in different play scenarios and can be configured in different ways and equipped with extra features. Kaspar was used because its size is similar to that of a child (as its torso and legs were taken from a child-sized shop mannequin), it can execute different play behaviors, can express simple and complex emotions and can be controlled remotely or operated semi-autonomously. The number of participants in both studies was low. In [64], one female and three males were included between the ages of 10 and 16 years old, and in [65], there was only one eight-year-old girl.



As far as the results are concerned, ref. [64] showed that three out of four participants had a higher percentage engagement with the Lego Mindstorm robot than with the NAO robot. In the fourth participant, there was no difference in percentage engagement between the two robots. In terms of percentage errors, there was no difference between the two robots in all four participants. Means for the percentage of engagement for each participant were: (1) NAO: 93.52, Lego: 96.12; (2) NAO: 94.11, Lego: 94.59; (3) NAO: 90.71, Lego: 95.45; and (4) NAO: 79.66, Lego: 91.50. The means for the percentage of error for each participant were: (1) NAO: 17.02, Lego: 20.25; (2) NAO: 25.60, Lego: 14.69; (3) NAO: 13.69, Lego: 19.23; and (4) NAO: 13.78, Lego: 12.29. For [65], the results seem to indicate that the child was more interactive with the experimenter and the robot during the sessions with Kaspar, since in most behavioral categories the rates per minute were higher while playing with Kaspar. The only behavioral category that showed a significant difference in favor of the Iromec platform was “touching the robot”.



Lastly, for study [64], a limited range of learning objectives was also included; although the humanoid NAO robot is capable of a wide variety of functions when compared to the non-humanoid Lego Mindstorm, learning objectives were limited to those that could be carried out with both robots. There was also a difference between the two robots in the way they were controlled. The NAO robot was controlled using the tablet, whilst the Lego Mindstorm robot had its own remote control. Pupils found it easier to use the tablet than the remote control.




3.4.4. Oncological Disorders


During the search, one case [68] that included children with oncological disorders (acute myeloid leukemia, relapsed acute lymphoblastic leukemia, brain tumor, T-cell lymphoma, etc.) was found. The study aimed to increase the motivation of the children in participating in exercises. It is well-known that it is very difficult to motivate children with oncological disorders, and for this reason, gross motor exercises were carried out with and without a human/robot and with and without music.



The robot that was used was ZORA [69], which is a NAO robot launched and programmed by the Belgian company QBMT. ZORA was used because it already had dances preprogrammed by QBMT and was able to insert other sets of exercises or music through the ‘composer’ function that was available.



The number of participating children was 14, aging between three and 15 years old, with five being female and nine male. As mentioned above, they had varying oncological disorders, from leukemia to brain tumors.



Although children with oncological disorders are not motivated, the application of the robot, with the combination of music, for dance exercises had positive outcomes. The motivation of the children was assessed using three measures based on the Fun Toolkit (Smileyometer, Again score and Fun Sorter). From the results, it seems that having a humanoid robot instructor to deliver and help with the physical activity program (instead of a human) appeared to increase the children’s initial motivation to participate.




3.4.5. Neuro-Developmental Disorder (NDD)


In a single study [70], the increase of the engagement of 11 participants aged between 25 and 42 years old, in a storytelling intervention scenario with the ELE pet-like robot, was investigated. The results were encouraging since 80% of the participants scored higher in the sessions, revealing that the ELE non-humanoid robot was able to engage more with all the subjects than a human speaker. It is worth noting that the ELE robot was able to attract the attention of the adults, although it is very cheap and with low interaction capabilities of the social robot.
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Table 4. Quantitative information of the examined studies with miscellaneous impairments.
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	Ref.
	Impairment
	Objectives
	Interaction
	Age Range

(Years)
	Participants Total

(Female, Male)
	Robot

Name
	Robot

Type
	Robot

Role





	[60]
	ADHD
	Observe effects of the interaction
	Collaborative learning
	-
	3 (-, -)
	Ifbot
	Non-Humanoid
	Wizard of Oz, main interaction



	[62]
	Hearing impairments
	Sign language teaching
	Sign game
	7–16
	27 (16, 11)
	Robovie R3, NAO
	Humanoid
	Main interaction



	[64]
	Down syndrome
	Compare the two robots
	Play scenarios
	10–16
	4 (1, 3)
	NAO, Lego Mindstorms KRAZ3
	Humanoid, Non-Humanoid
	Support the learning



	[65]
	Down syndrome
	Investigate effects of robots
	Play scenarios
	8
	1 (1, 0)
	Iromec, Kaspar
	Non-Humanoid, humanoid
	Main interaction, experimenter interacting



	[68]
	Oncological disorders
	Increase motivation of children to perform exercises
	Gross motor exercises
	3–15
	14 (5, 9)
	ZORA (NAO)
	Humanoid
	Main interaction



	[70]
	NDD
	Increase engagement
	Storytelling
	25–42
	11 (-, -)
	ELE
	Non-Humanoid
	Main interaction










3.5. Challenges


Based on the material presented in the previous sections, it is concluded that there is a strong effort to implement social robots in each category of impairment. The main research outcomes as well as the new challenges that emerged from these researches are summarized in Table 5.
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Table 5. Main reported outcomes and challenges of some of the examined studies.
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	Reference
	Impairment
	Outcomes
	Challenges





	[25]
	ASD
	Sessions positively affected their walking, speaking and handwriting; autism severity and parental stress decreased, social skills increased and stereotyped behaviors improved.
	A small number of participants and no control group, children were not mature enough, potential effects of other classes, heterogeneous autism severity on children, unpredicted behaviors during sessions, engineering and technical issues, the small number of sessions.



	[34]
	ASD
	The use of the NAO robot showed significant improvement in several aspects of learning behaviors, confirming the confidence level for the techniques used.
	Not reported.



	[35]
	ASD
	Reduction in anxiety and increase in compliance with instructions.
	Not reported.



	[36]
	ASD
	Distrust task: the independent-sample Welch t-test showed a significant difference in overall distrust performance between the ASD (M = 7.70, SD = 2.62) and TD groups (M = 9.35, SD = 0.67. TD children were more likely than children with ASD to distrust the robot who offered incorrect information.

Deception task: the overall performance analysis of the deception task also found a significant difference in the overall deception performance between the ASD (M = 6.70, SD = 3.64) and TD (M = 9.55, SD = 1.19) groups, indicating that TD children were more likely to deceive the robot than children with ASD.
	Did not use a within-subject design to compare the same participants with human and robot conditions.

Although there is no significant difference in the mean ages between the two ASD groups, the age difference of six months could still represent different neurodevelopmental patterns in children, which could affect their interactions with robots and humans.

The anthropomorphic thinking for the human condition was not investigated; thus, it is not clear whether the interaction progress would affect children’s anthropomorphic thinking answers.

To study the regional difference of the performance of this study, and to replicate these findings in more cities and counties.



	[37]
	Multiple disabilities
	The results obtained show that children can adapt quickly to the robot, and in the case of phonemic area, an immediate improvement.

Helped to address the educational, cognitive, physical and social needs of the children, engaging youth with disabilities in a robotics program.
	Three main improvements were identified for this study, based on its challenges: (1) to scale the research and to repeat it in more sites, (2) to increase the number of female children and (3) to generalize the designed experiments to children with other disabilities, since the authors realized that STEM learning for children with various disabilities may have different meanings and is an area worthy of further exploration.



	[39]
	Multiple disabilities
	Children were engaged in the activity from the very beginning of the session.
	The appearance and behaviors did not evoke an agent with its inner state and intentionality. Issues are mainly related to the functional aspect of the visual interface, design of the physical appearance of the robot and its faces.



	[40]
	Multiple disabilities
	Helped to address the educational, cognitive, physical and social needs of the children.
	The research was conducted at only one site. The girls were under-represented in the program.



	[41]
	Multiple disabilities
	“No response” count decreases and flattens out with improvement. The “correct response” count consistently increases. These counts are consistent with the increase of total directives over time. The results for subject 3 are inconclusive. Another subject made considerable progress according to the SLP and SPED teacher.
	Not reported.



	[42]
	Multiple disabilities
	The Wilcoxon signed-rank test showed that for the group as a whole, ratings were significantly higher when working with the robot.
	There was a small amount of bias that may have influenced the teachers’ ratings. There were more people present in the classroom than when working with the robot and there was also the researcher and a camera.



	[43]
	Multiple disabilities
	No positive changes for the Sensory developmental area were recorded. The motor developmental area was the only one that did not report any negative changes.
	To extend this preliminary study.



	[44]
	Multiple disabilities
	Some children had the highest increase on the variable “communication with Teo”, while others had a high decrease. For four children, there was an increase in some variables, while there was a strong decrease in two children. The variable “manipulation of Teo” had a decrease for all children except for two of them. Additionally, the variables “externalization of needs”, “positive emotions” and “negative emotions” showed a positive trend in the second session in both groups of children.
	Causality relationships are hard to measure.



	[45]
	Multiple disabilities
	Improvements in distinguishing the cards and overall behavior.
	Not reported.



	[46]
	Multiple disabilities
	The mean score of IPPA before the sessions was 11.8, and the mean score after the sessions was 8.8.
	Not reported.



	[47]
	Multiple disabilities
	Analysis of the data from the pre- and post-test questionnaires; all items were compared with each other in order to evaluate possible improvements in the developmental target areas.
	The ability to speak and understand the language was vital for the children. Study data are preliminary.



	[48]
	Multiple disabilities
	The three students became more confident and willing to engage in conversation after interacting with the robot over a period of time.
	Not reported.



	[49]
	Multiple disabilities
	They confirmed the lasting positive change by gross observation.
	One boy did not like the big eyes or the slight drive noise.



	[50]
	Multiple disabilities
	All groups in this experiment improved their knowledge and skills between the pre-test and the post-test. The interaction with the robot was more efficient in improving functional knowledge and skills. Students’ IQ levels showed an improvement.
	Not reported.



	[51]
	Multiple disabilities
	Children successful at the end of the therapy. Two children with profound ID did not benefit from robot-assisted therapy. All children increased the time spent imitating the robot.
	The results of this study only indicate the underlying potential of research in this field.



	[56]
	Cerebral palsy
	All children liked the sessions with the Rehabilitation Robot. The children wanted him to be present during their other sessions.
	Not reported.



	[57]
	Cerebral palsy
	The robot misinterprets children with the speech impediment.
	Not reported.



	[59]
	Cerebral palsy
	Scoring based on Rasch analysis. During intervention, all children had an increase in self-control, specifically the items decides, modifies, initiates and transitions.
	The Lego Invention robot is not 100% accurate in its movements.



	[60]
	ADHD
	Learning time (min:sec): without robot: 15:28, 12:49;

with robot: 18:05, 13:45.

Running time: without robot: 6 and 5 times;

with robot: 7 and 9 times.
	Not reported.



	[62]
	Hearing impairments
	The children of beginner’s level preferred to play with NAO first. Their average error rates are smaller in the games played with R3 than NAO in the first games, and total error in both games.
	The robots, due to their hands, did not correctly sign one of the words.



	[64]
	Down syndrome
	Participants had a higher percentage of engagement with the Lego Mindstorm than with the NAO. In the fourth participant, there was no difference in percentage engagement between the two robots. In terms of percentage errors, there was no difference between the two robots in all four participants.
	The learning objectives were limited to those that could be carried out with both robots.



	[65]
	Down syndrome
	The child was more interactive with the experimenter and the robot during the sessions with the Kaspar robot.
	Not reported.



	[68]
	Oncological disorders
	The motivation was assessed using three measures based on the Fun Toolkit.
	Not reported.










4. Robots—Taxonomy


An in-depth study of the published research efforts to integrate social robots into special education has highlighted the wide variety of social robots that have been developed and tested in a highly diverse set of experiments with children with various impairments. The need for the most useful social robots has led the market to design and produce a wide range of social robots with varying features (Table 6 and Table 7). Among other things, this has highlighted the need for a customized methodology for developing [71] and selecting [72] social robots for specific applications.



In this section, an attempt is made to record the various types of social robots that have been applied in special education, with the ultimate goal of concluding the suitability of each type of robot for each category of impairments.



4.1. NAO Robot


A significant number (46%, N = 47) of studies used the NAO robot and it seems that in almost all the cases, NAO was used to help children with ASD. In other examples, it was also used to help children with multiple disabilities (from which most cases were with at least one of the disabilities being ASD), intellectual disabilities, Down syndrome, cerebral palsy, oncological disorders, physical disabilities and hearing impairments. In most cases, a humanoid robot is required as during the interaction between the robot and the child, the child had to imitate the robot’s movements to improve its joint attention skills, mobility, or carry out other kinds of body exercises. This makes the choice of NAO robot more suitable as the movements can be programmed easily, with the help of its desktop program and its degrees of freedom to move. In addition to movement exercises, it was also used in cases of learning sessions and social interactions, where the children interacted by talking to each other.




4.2. Kaspar Robot


Kaspar, the second most popular social root (6%, N = 6), was used in studies that focused on children with ASD, Down syndrome and multiple disabilities (from which one was also ASD). Kaspar’s humanoid body and features seem to help more children with ASD. In some of the studies, Kaspar was used with the intention of exploring and measuring its potentials in the improvement of children’s general behavior by playing games and participating in play scenarios.




4.3. Lego Mindstorms


Different kinds of robots can be built with the Lego Mindstorms (the third most popular social root, used in five studies (4.85%) used this kind of robot) set. In most cases, the particular set was used to build robots that were applied to studies with children with diverse disabilities, such as ASD, multiple disabilities, cerebral palsy, Down syndrome, developmental disorder and other movement disabilities. Due to its design, the robot can be either a non-humanoid (a vehicle) or a humanoid robot. The interactions of the studies that this robot was used in vary. In some studies, the robot was used in training, learning, or working sessions, workshops and play sessions. This indicates that the robot, or the building set in general, can be used to build a robot for different kinds of interactions. In addition to that, a study conducted workshops with the particular set, in which the children had to build a robot using the set. As a result, children with movement impairments were also able to improve their mobility by building a robot with the help of other teachers participating.



In all cases, the robot was the main interaction of the child, with the exception of one, in which it was supporting the learning of the child; in other cases, the child was not alone during the interaction, with the researcher being present, or in one case, where the child was accommodated with their mother.




4.4. iRobiQ Robot


The iRobiQ robot was used in studies including children with ASD (or in one case, PDD-NOS). It seems that the design of the robot is mostly targeted to children with ASD impairment and the robot itself to be used in the context of interactions that aim to improve the communication and syntactic skills, or other skills that are closely related to those. In most cases, the robot was used as a tool to assist the teachers during the interaction between them and the children, by providing instructions or other assistive cues to the children. Additionally, it was used [73] to teach attention, communication and social skills to children with ASD by playing a card game and providing assistance and feedback during the game. It is a non-humanoid robot with a display that was used to play the card game, through which it provided the feedback in combination with its head.




4.5. Iromec Robot


Iromec robot was mostly used in studies where the children had multiple disabilities, Down syndrome or ASD. Iromec is a non-humanoid robot with a visual interface that can show the robot’s expressions and a body interface with the main purpose of driving the interaction and stimulating specific actions. For these reasons, it was mainly used in the context of interactions where the children played with the robot or participated in play scenarios/sessions.



The children that participated in these studies and interacted with the Iromec robot were younger than 11 years old. This means that this particular robot, combined with interactions that focus on games or play scenarios, is more applicable to this age.




4.6. Alice Robot


Alice is a humanoid robot that looks like a young girl (Table 5). Alice was used in three studies [74,75,76] (2.94% of the examined publications) with children with ASD, during which it played a game with the children to improve their imitation and joint attention skills. During the interactions, the particular robot was controlled and teleoperated using a Microsoft Kinect and with Haptic PhantomOmni.




4.7. Probo Robot


Probo is a humanoid robot with a safe and huggable design. This robot was used only in studies [77,78,79] with children with ASD. Its appearance is that of a stuffed imaginary animal providing soft touch and acting as a social interface by employing social cues and communication modalities. In one case, it was used to improve the social skills of the children by participating with each child in a social story.




4.8. KiliRo Robot


KiliRo is a parrot robot, which was used only in studies [80,81] with children with ASD. In those studies, KiliRo was used to lower the stress levels of the children or to improve the interaction of the teacher with the child by essentially making the child more relaxed or by assisting them. This indicates that this kind of robot (zoomorphic), or at least the particular one, can be used as a relaxing tool for the children. The usual interaction is a learning activity that aimed to improve the children’s learning abilities, as an assistance tool or as the main interaction media.




4.9. Zeno Robot


Zeno is a humanoid robot that resembles a small boy. This robot was used in two studies [82,83] as a social mediator and as an assistant in game scenarios with children with ASD. The main target of using this robot was to improve the eye contact, joint attention, symbolic play, and basic emotion recognition of the children.




4.10. Miscellaneous Robots


Aibo robot, which is a dog robot, was used in an explorative study [84] for children with ASD that aimed to check if the specific robot engaged the children more into the activities. The interactions were interactive sessions with the robot, during which the children played or interacted with the robot while the experimenter was watching them or asking some questions.



Rero is a humanoid social robot [31] used to establish a child–robot interaction based on five interaction modules designed for children with ASD. This robot is reconfigurable and can be programmed to execute various interaction scenarios. Its mobility along with the attractive appearance make this robot suitable to increase the engagement of the children during the interventions.



Cozmo is a very cute non-humanoid robot that has the form of a small truck (Table 6). It is mainly used for children’s companion and entertainment since it can be programmed to dance, sneeze, or play several games. In the study [53], adults with multiple impairments interacted with Cozmo while playing games, with the robot analyzing the behavior of the participants.



Paro is a non-humanoid (pet-like) social robot with the appearance of a baby seal. This social robot was used as a therapeutic tool in [49,85] for children with multiple impairments, by improving the children’s cognitive skills through game/play sessions or free interactions.



MiRo is also a non-humanoid (pet-like) social robot, which has the form of a small dog. It is autonomous and is characterized by a brain-like control system. In [35], MiRo interacted with children with ASD, which helped them to reduce their anxiety and increased their compliance with game instructions.



CommU is a humanoid robot capable of initiating and maintaining conversations with ASD-impaired children [27]. It can move its head, eyes and body to reproduce human-like expressions during the conversation.



Astro was used in one study [30] with children with ASD for therapeutic purposes and was part of larger system architecture. Astro is a non-humanoid robot that was controlled by one researcher whilst another controlled its social behavior (speech and facial expressions) during the therapeutic sessions with the children. Moreover, a restricted-perception WoZ methodology was also applied. According to the researchers, this robot was used because it can socially interact with the children and is fully autonomous during therapy sessions.



The QTrobot was used in [86] that included children with ASD. This robot is a child-sized humanoid robot, with an expressive social appearance and a screen that allows the presentation of animated faces. QTrobot was used in the study as an interview partner to the child, during which it told a story, then asked some questions and lastly played an imitation game.



InMoov is a humanoid social robot designed [33] for interacting with ASD-impaired children. This is the first open-source 3D printed social robot [87], which anyone can print at home, subject to 3D printer availability. The main advantage of this robot is it is modular and adaptive nature, which permits it to be modified according to the needs of the study.



Ifbot is a non-humanoid robot able to communicate with humans verbally and non-verbally, with facial expression emotions. It is equipped with the appropriate hardware to execute computer vision algorithms such as object recognition, tracking etc. In [60], Ifbot was used to promote collaborative learning between children with ADHD.



Keepon is a non-humanoid robot that was used [88] as a tool to give feedback to children with ASD during their learning tasks with the teachers. An operator gave the feedback of the robot manually.



FACE is an android that includes the FACET, which is a complete therapy infrastructure based on the integration of the HIPOP (Human Interaction Pervasive Observation Platform). This humanoid robot, which has the appearance of a female human, interacted with children with ASD in order to improve their social capabilities through psychologist-driven interactions. During the interactions, the robot was performing expressions with its face and then the children had to label and imitate them, and at a later stage, the children were free to play and observe the robot [89].



Kinetron is a humanoid robot that was used in a study with children with cerebral palsy [56]. In this study, the robot was used in the context of games that aimed to rehabilitate the children’s neurophysiology. KineTron was chosen because of its ability to perform precise movements with specified speed and force, providing feedback about position and tension and the ability to arrange complex movement patterns with the use of its special software RoboPlus.



Pleo is a socially expressive dinosaur robot that was designed to express emotions and attentions using body movement and vocalizations that are easily recognizable. It was used [90] to elicit social interaction and host of social perception reasoning to children with ASD, during a triadic interaction with the child and a teacher.



Queball is a robotic ball that is designed with the following feature categories: play, rough-and-tumble play, cognitive potential enhanced by movement and physical well-being. For these reasons, the robot was used in the study [91] as a therapeutic tool for children with ASD by engaging them in social interaction and physical, fun, learning and communication play.



Although Robovie R3 was used [62] in a part of the study, its humanoid characteristics made the children with hearing impairments better understand the signs it was showing, in comparison to the NAO robot that showed the same, during the sign language game they played. This was due to its 29 degrees of freedom and five independent fingers in its hands, combined with its expressive face.



SPELTRA (Speech and Language Therapy Robotic Assistant) was used [39] in speech exercises with children with multiple impairments. SPELTRA is a robotic system focused on providing support in speech therapy, with the main function of interacting with children through educational exercises and relational activities. It can also indirectly assist during the therapists in tasks.



Teo, a non-humanoid robot, was used [44] mainly to investigate its potential with children with ASD, Down syndrome, intellectual disabilities, Prader–Willi syndrome, psychosis and multiple disabilities. The children were left to play freely with the robot while the therapist was present.



Troy is a humanoid robot with only the upper torso, and has the size of an average four-year-old child. Troy was used [92] to examine the effects of its intervention on the challenging or tantrum behaviors of children with ASD, by letting it communicate with them.



In the following Table 6 and Table 7, the appearance of some popular social robots along with their main characteristics are presented, respectively.
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Table 6. Appearance of some of the most popular social robots used in special education.
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Table 7. Main characteristics of the commonly used social robots.
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	Robot Name
	Robot Type
	Ref.
	Impairments
	Robot Role
	Interaction





	NAO
	Humanoid
	[25,26,28,29,34,35,36,41,42,46,48,50,51,54,55,57,62,64,68,75,77,85,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107,108,109]
	ASD, multiple impairments, cerebral palsy, hearing impairments, oncological disorders
	Proactive companion, assistive intervention tool, social mediator, therapeutic assistant
	Imitation, therapeutic games, free play sessions, teaching joint attention, learning sessions



	Kaspar
	Humanoid
	[32,47,65,110,111,112]
	ASD, multiple impairments, Down syndrome
	Game partner
	Unconstrained interaction, tactile interaction through tactile play scenarios, games



	Lego Mindstorms
	Non-Humanoid

Humanoid
	[37,45,59,113,113]
	Multiple impairments, cerebral palsy
	Main interaction
	Working sessions, workshops (program robot to solve problems), games



	iRobiQ
	Humanoid
	[73,114,115,116]
	ASD, multiple impairments
	Main interaction
	Story intervention, social interaction



	Iromec
	Non-Humanoid
	[40,43,47,65,117]
	ASD, multiple impairments, Down syndrome
	Companion and teacher assistant
	Play scenarios, triadic interaction, imitation



	Alice
	Humanoid
	[74,75,76]
	ASD
	Game partner
	Game, triadic interaction



	Probo
	Humanoid

(pet-like)
	[77,78,79]
	ASD
	Main interaction
	Storytelling, game



	KiliRo
	Non-Humanoid

(pet-like)
	[80,81]
	ASD
	Lower stress levels of the children, improve the interaction of the teacher
	Pronouncing letters and dancing, free interaction, learning activities



	Zeno
	Humanoid
	[82,83]
	ASD
	Social mediator, assistant
	recognize emotions in a game scenario, stimulus-reinforcement



	Aibo
	Non-Humanoid

(pet-like)
	[84]
	ASD
	Main interaction
	Interactive and therapy sessions



	Rero
	Humanoid
	[31]
	ASD
	Main interaction
	Interaction modules



	Cozmo
	Non-Humanoid
	[53]
	Multiple impairments
	Main interaction
	Games



	Paro
	Non-Humanoid

(pet-like)
	[49,85]
	Multiple impairments
	Main interaction
	Free interaction



	MiRo
	Non-Humanoid

(pet-like)
	[35]
	ASD
	Main interaction
	Mixed play activities



	CommU
	Humanoid
	[27]
	ASD
	Main interaction
	Conversations



	Astro
	Non-Humanoid
	[30]
	ASD
	Main interaction
	Therapy sessions



	QTrobot
	Humanoid
	[86]
	ASD
	Interview partner
	Storytelling, ask questions, imitation games



	InMoov
	Humanoid
	[33]
	ASD
	Teacher assistant
	Sign language learning



	Ifbot
	Non-Humanoid
	[60]
	ADHD
	Collaborative learning
	Wizard of Oz, main interaction



	Keepon
	Non-humanoid

(pet-like)
	[88]
	ASD
	Gives feedback to the children
	Learning/reversal learning task



	FACE
	Humanoid

(Android)
	[89]
	ASD
	Treatment assistive tool
	Imitation games



	Kinetron
	Humanoid
	[56]
	Cerebral palsy
	Rehabilitation, precise movements with specified speed and force.
	Games



	Pleo
	Non-humanoid

(pet-like)
	[90]
	ASD
	Elicit social interaction and host of social perception reasoning to children
	Triadic interaction with the child and a teacher



	Queball
	Non-humanoid
	[91]
	ASD
	Therapeutic tool
	Social interaction, play



	Robovie R3
	Humanoid
	[62]
	Hearing impairments
	Teacher assistant
	Sign language learning



	SPELTRA
	Non-humanoid
	[39]
	Multiple impairments
	Main interaction
	Speech exercises



	Teo
	Non-humanoid
	[44]
	Multiple impairments, Down syndrome
	Main interaction
	Free play



	Troy
	Humanoid
	[92]
	ASD
	Treatment assistive tool
	Social communication










5. Discussion


In the previous sections, the research attempts for the integration of social robots in the special education of children in the period 2008 to 2020 were recorded and presented in detail. The purpose of this analysis is to investigate the answers to the four questions that were initially posed as the main objectives of this systematic review.



In particular, the statistical analysis of papers published both chronologically and geographically indicates a growing research interest of the scientific community to apply social robots in the education of children and adults with impairments. Figure 3 shows Europe leading the effort to integrate social robots into special education, followed by the U.S.A. The need for the inclusion of these individuals into modern societies as equal members of them requires the acceleration of this integration world-wide. It seems that the rapid development of technology and artificial intelligence can help in this direction, through the development of more and more autonomous and intelligent social robots (Table 6).



In addition, another evidence that proves the high degree of integration of social robots in special education is the wide variety of impairments (Figure 6) of children who participated in interaction sessions with social robots. Although most of the publications are about groups of people with ASD, which was to be expected, the variety of different impairments that have been the subject of a study of the application of social robots is surprising. In all these cases, and although most studies have yielded encouraging results, it is a common finding that this road is very long.



Regarding the third question to be investigated, about the suitability of social robots in specific impairments, based on the analysis that was carried out, it appears that specific characteristics of robots are very useful for specific impairments. For example, the NAO robot, which is the most equipped robot of all, is preferred for educating children with ASD, which are cases that are more complex. In addition, in children with hearing problems, robots with five fingers are suggested for the teaching of sign language, e.g., Robovie R3, or InMoov. Apart from the type of impairment, another factor that determines the suitability of a robot is the age of the children involved. Thus, for young children, pet-like robots (Parot, Aibo, Pleo, etc.) prove to be more suitable due to their more playful appearance. However, a targeted study is required to identify the desired technical characteristics of the robots for each impairment, in order to select the most suitable robot in each case. It is worth mentioning that most robots on the market have been developed mainly for the education, entertainment and companionship of the children of typical education who are the largest population and not for the children of special education. Therefore, the design of robots aimed at children in special education is an unexplored field, in the direction of which more efforts are expected in the near future.



As far as the intelligence level of the social robots involving in special education is concerned, it is deduced that it does not differ from that of the typical education. Usually, the scientists follow the path taken by the pioneer Marvin Minsky [118], based on which several small and less intelligent parts build intelligence. In this context, face detection, face recognition, speech recognition, emotional recognition, visual behavioral analysis, visual tracking, etc. algorithms [119] are used to build intelligence in social robots that enable them to interact with children more naturally. However, it is worth mentioning that the needs for intelligent interaction of the robot with children in special education are particularly high, due to the particular behavior of children, e.g., in the expression of emotions. Therefore, the design of intelligent algorithms and/or the adaptation of existing algorithms to the specifics of each category of impairments is considered of paramount importance.



Although all the research papers studied in this work have reached positive conclusions about the use of social robots, in most cases, the authors have reported the challenges (Table 5) that need to be addressed in the future, because of the weaknesses of their methodologies. In conclusion, one could say that the biggest challenge that researchers have to deal with is conducting a large-scale study of the effect of social robots on special education, with large groups of children. It is worth mentioning that out of the total number of publications, the number of participants was 11.29 on average, while only six studies involved more than 20 children, with the study in [52] showing the highest number of participants equal to 74. At the same time, there is reduced participation in the researches of females, since, on average, 2.69 females participate in the sessions compared to 8.5 males, while in 10% of cases no girls participated at all. The small number of participants in combination with the lack of a control group are often factors that reduce the statistical accuracy of the studies and the reliability of their results. In addition, due attention has not yet been paid to the long-term effect of social robots on special education, through follow-up sessions, to study the maturation factor of the effects that children have on their interaction with social robots.



Finally, another area of significant challenges is the study of the intervention methodologies proposed in the various works. In this field, there is an inconsistency between the methodologies for developing intervention scenarios, resulting in not very convincing conclusions. Future work should be directed to compare the proposed intervention methods and interaction scenarios so that the conclusions drawn are more reliable.




6. Conclusions


In this work, the research activity of the period 2008 to 2020 regarding the application of social robots in special education was presented systematically. The study focused on four distinct directions: (1) the investigation of the degree of integration of social robots in the training of special education individuals, (2) the assessment of the scope of application of social robots in different impairments, (3) the search for different types of social robots and their appropriateness by category of impairments and (4) the emergence of challenges that need to be addressed in order for social robots to make a significant contribution to the social integration of people with impairments.



The present study quantified the satisfactory degree of integration of social robots in special education as well as the wide range of applications of social robots in a variety of impairments. A large number of different social robots used in special education were also identified, but it was found that most of them were not designed for the specific needs of special education individuals. The challenges highlighted through this study are mainly focused on the small size of the groups of children participating in the sessions, the low participation rate of girls, the lack of control group and follow up sessions, and the finding that the design of intervention scenarios should be executed with clear objectives so that the interpretation of the results leads to safe conclusions. This set of challenges should be the subject of future research in this field, towards the use of existing knowledge for the more effective integration of social robots in special education.
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Figure 1. Source selection procedure. 
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Figure 2. Percentage of studies per continent. 
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Figure 3. Percentage of studies per country. 
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Figure 4. Publications per year. 
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Figure 5. Number of publications per publication type. 
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Figure 6. Number of applications of robots on different kind of impairments. 
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