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ABSTRACT

The use of robots as educational learning tools is quite extensive worldwide, yet it is rather limited in 
special education. In particular, the use of robots in the field of special education is under skepticism 
since robots are frequently believed to be expensive with limited capacity. The latter may change with 
the advent of social robots, which can be used in special education as affordable tools for delivering 
sophisticated stimuli to children with learning difficulties also due to preexisting conditions. Pilot studies 
occasionally demonstrate the effectiveness of social robots in specific domains. This chapter overviews 
the engagement of social robots in special education including the authors’ preliminary work in this 
field; moreover, it discusses their proposal for potential future extensions involving more autonomous 
(i.e., intelligent) social robots as well as feedback from human brain signals.

INTRODUCTION

A percentage around 4% of the students in member countries of the European Union (EU) are registered 
in special education programs according to Special Needs Education (2012) European data. At least 
10% has been reported in the USA regarding children characterized by a learning difficulty (Cortiella, & 
Horowitz, 2014), while in Finland a reported 17% of students are enrolled in special education (Meijer, 
Soriano, & Watkins, 2003). Special scientists such as educators, pedagogues, psychologists and speech 
therapists suggest that the percentage of children in need for special education is higher than reported, 
since many cases are not recorded for various reasons (Pastor, & Reuben, 2008). Furthermore, if we 
also consider the families of children then the percentage of people involved in special education is even 
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higher. For the aforementioned reasons, the support of children with Special Education Needs (SEN) is 
included in national /European /world policies (UNESCO, 1994). Children with SEN are experiencing 
a variety of difficulties in family as well as at school. Effective special education at an early stage may 
improve the emotional and social development of children with SEN, their learning capacity, and, finally, 
improve the quality of life for a significant part of the population. Furthermore, special education may 
also improve the work skills of people with SEN thus enhancing a nation’s workforce. There is a need 
for a policy framework regarding SEN. The latter has been a subject of debate in particular regarding 
whether special education itself is a problem of, or the solution to, issues of social justice (Norwich, 2007).

During the last decades robots seem to leave the industrial manufacturing floor and enter other domains 
such as farming, surveillance, entertainment, education, etc. Educational robotics are used worldwide 
as learning tools (Miller, Church, & Trexler, 2000) but surprisingly rarely in special education. At the 
moment, the demand for special education services remains high, yet unsatisfied due to the high cost 
involved. However, the benefits surpass all costs. Lately, Cyber-Physical Systems (CPSs), including 
social robots, have been proposed in education with emphasis on special education (CybSPEED, 2017). 
Note that the concept of CPSs has been introduced to account for technical devices with both sensing 
and reasoning abilities including a varying degree of autonomous behavior. There are a lot of expecta-
tions from CPSs (Serpanos, 2018). Seven types of CPSs are most often discussed, focusing on Disabled 
People, Healthcare, Agriculture and Food Supply, Manufacturing, Energy and Critical Infrastructures, 
Transport and Logistics, and Community Security and Safety. To them one additional type has been 
proposed lately, namely Education & Pedagogical Rehabilitation (CybSPEED, 2017). The CPSs we are 
interested in here include Social Robots in (special) education such as NAO, Pepper, Jibo, Leka etc. (Pa-
pakostas et al., 2018; Ueyama, 2015). In particular, humanoid robots such as NAO are already employed 
in various contexts for the treatment of children with Autism Spectrum Disorder (ASD) (Amanatiadis 
et al., 2017; Kaburlasos et al., 2018 January; Lytridis et al., 2018; Ueyama, 2015).

Despite reported evidence, the majority of people are still skeptical regarding the application of ro-
bots in Special Treatment and Education (STE) of children. For example, according to a recent survey 
(Eurobarometer, 2012), European responders appear positive towards robots but 60% of them believe that 
robots should be banned from taking care of children, the elderly as well as the disabled. Furthermore, 
only 3% said that robots should be a priority in education, while 34% maintained that robots should 
be banned from education altogether. All the aforementioned responses were attributed to the people’s 
belief that robots may be dangerous for certain, sensitive categories of people. A more recent survey 
conducted simultaneously in three Balkan countries (Kostova et al., 2018) has confirmed the aforemen-
tioned results, and furthermore it recorded responses encouraging the joint engagement of robots and 
information technologies. An important question is posed next.

How far can a social robot interact with a child without raising ethical questions? General public 
opinion is important toward answering the latter question. Note that studies based on public surveys 
regarding the use of robots in eldercare revealed high acceptance of pet-like therapeutic robots, for 
humanoid caretaker robots as well as for surveillance care robots (Moon, Danielson, & Van der Loos, 
2012). However, rejection of robots is reported occasionally because people often think that robots might 
replace humans and take their jobs. It seems that negative public opinion is probably the biggest chal-
lenge the scientific community must overcome in order to introduce social robots in the field of STE. 
Adaptation of a robot’s appearance and/or behavior would improve the acceptance of robots by human 
users (Kanda et al., 2008).
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The next generation of robot assistants in STE calls for robots tailored to individual needs. Currently, 
the robots used in special education are semi-autonomous, in sense that a robot has some autonomy from 
the manufacturer, for example to turn its head or to pronounce certain words, but there is always a human 
tele-operator in the background that controls the robot. An increased autonomy is expected to increase 
the usability of a robot. It is expected that providing robots with more intelligence, would make robots 
more useful. Preliminary application results suggest that robot technology could have a great impact 
on STE as an assisting tool for both teachers and therapists (Tanaka, Cicourel, & Movellan, 2007). In 
particular, educational applications of robots are promising for students with disabilities in two different 
manners: first, the robots can motivate students undertake a wide range of tasks that would otherwise 
refuse due to their disability and, second, the use of robots may result in an equal participation with peers 
in robot-based learning activities (Martyn Cooper, & William Harwin, 1999).

SPECIAL EDUCATION FROM AN ENGINEERING POINT OF VIEW

Special education is defined as the education of students with special educational needs in a way that 
addresses their individual differences. It involves individually planned and systematically monitored 
arrangement of various teaching procedures and scenarios, suitably adapted equipment as well as alter-
native materials. Such interventions are designed to support individuals with STE in order to achieve 
a higher level of personal self-sufficiency and success both at school and in the community that would 
not had been possible were the students only given access to typical education.

Common special needs include learning disabilities (e.g. dyslexia), communication disorders, emo-
tional and behavioral disorders (e.g. attention deficit hyperactivity disorder), physical disabilities and 
development disabilities (e.g. ASD and intellectual disabilities). Students with special needs are likely 
to improve on their learning capacity and benefit from additional educational services based on different 
teaching approaches, the use of technology and especially adapted areas or resource rooms (Smith, 2007).

One way to study learning disabilities is by the analytic information processing model (i.e., block-
diagram) in Figure 1 that explains how students interact with their external world during learning (Kirk 
et al., 2011). More specifically, first, the children receive information from their senses (vision, hearing 
etc.); then, they process this information by their memory, classification and reasoning capacities; finally, 
they respond to the input information by an output (i.e. speaking, writing, action).

This information processing is driven by the Executive Function which is the ability to decide which 
information to attend, how to interpret it and how to respond to it. Information processing takes place 
within an Emotional Context that influences every aspect of the proposed model shown in Figure 1.

Special education is necessary when a child is unable to process information effectively. In the latter 
case the problem might be either in the information input or in the internal processing of information 
or in the output response. The executive function is the decision-making part of the model that directs 
a child’s attention to an input by choosing the thinking process to be called upon and decide how to 
respond. All this information processing is carried out within an emotional context which can activate 
various modules of the model conditioned on stress, anxiety, calmness, confidence, etc. Any deviation 
from the “typical” information processing described in Figure 1 calls for special education. For instance, 
autism spectrum disorder (ASD) is a developmental disorder characterized by impairments in communi-
cation, social interaction and imagination that may occur to different degrees and in a variety of forms. 
Children with ASD often have: accompanying learning disabilities and experience inability to relate to 
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other people, rare eye contact, difficulty in verbal and non-verbal communication and tendencies towards 
repetitive behavior patterns (Jordan, 2013). In all, the analytic model of Figure 1 can be used toward 
analytically designing educational interventions by Social Robots as explained next.

SOCIAL ROBOTS IN SPECIAL EDUCATION

The term “social robots” typically refers to robots engaged in some form of social interaction with humans 
through speech, gestures, or other means of communication. Moreover, the term “assistive robots” refers 
to robots that aid people mainly with physical and neuro-developmental disabilities. In conclusion, the 
term Social Assistive Robots (SARs) has been proposed as the intersection of the previous two families 
of robots and it refers to robots designed to assist humans via interaction driven by user needs (e.g. for 
tutoring, physical therapy, emotional expression) using multimodal interfaces involving speech, gestures 
and various input devices (Fong, Nourbakhsh, & Dautenhahn, 2003). Our interest here is in SARs for 
pedagogical rehabilitation in special education with special attention to ASD.

In the aforementioned context, our basic Working Hypothesis, namely WH, is the following:

WH: SARs can be used by human teachers as sophisticated stimuli to multiple levels of cognitive process-
ing in children with learning difficulties (also possibly due to preexisting conditions) toward modi-
fying the processing within those levels by triggering underlying brain compensatory mechanisms 
and, consequently, improve a child’s learning behavior based on education delivery methods alone.

We remark that our long-term objective is to improve the learning capacity of an individual human 
brain by non-invasive methods, namely by educational methods exclusively.

SARs face challenges different from those faced by social or assistive robots alone. For instance, 
social or assistive robots alone typically focus on reliability, precision of motion and repeatability since 
they interact physically with a person, whereas SARs emphasize emotional expressiveness, user engage-

Figure 1. The information processing model assumed during student learning
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ment, physical appearance and robustness during interaction. The social features of SARs are particularly 
important because they are expected to support the user by coaching, motivating and directing change.

SARs pose important questions regarding how to design an effective, user-friendly system suitable 
for STE needs. Note that children with STE are sensitive to novel stimuli and have substantial difficulties 
with attention and engagement. In particular, SARs for autism must balance between non-threatening, 
goal-oriented treatment and productive interaction (Scassellati, Admoni, & Matarić, 2012).

Physical Appearance of Robots

The first that captures a user’s attention is the robot’s physical appearance (Tanaka, Cicourel, & Movellan, 
2007). The appearance of SARs may range across many patterns including anthropomorphic, human-
oid, animal-like, and non-biological. Due to the shortage of standards, different research groups often 
propose different robot designs. Nevertheless, in all variations, certain physical appearance standards 
have been adopted. For instance, a SAR cannot appear both extremely human-like and socially simple. 
A robot that resembles a human might facilitate the transfer of skills in human-robot interactions (van 
Straten et al., 2017), whereas a less human-like robot might contain distraction thus helping children 
focus attention on particular skill learning (Lord, & Bishop, 2010). In this context, of particular interest 
is the so called “uncanny valley” phenomenon, that is a feeling of unpleasantness and fear emerging in 
people communicating with robots when the physical attributes of a robot exceed a certain degree of 
resemblance to the human (Mori, 1970/2012; Dimitrova, & Wagatsuma, 2015).

In addition to the physical appearance, realism can be pursued by varying levels of biological motion. 
A robot that moves its head (Dachkinov et al., 2019) and/or its arms with multiples degrees of freedom 
looks more human-like than one that moves solely its arms up and down. The level of the capacity to 
move is dictated by the goals of human-robot interaction. Note that an increased actuation enables more 
complex expressions, thus increasing anthropomorphism, whereas a deceased actuation reduces the cost 
of development but it also simplifies the sophistication of interaction.

Designers must also decide about the extent of a robot ability to move around in its environment. For 
instance, most robots used in ASD therapy research typically involve motion of their body limbs such 
as arms and head, but other robots are fixed upright on the floor or on a table (Kozima, Nakagawa, & 
Yasuda, 2007). More rarely robots can move around freely in their working environment. Mobility allows 
for a greater flexibility in human-robot interaction by increasing the number as well as the types of col-
laborative activities that can be carried out. Nevertheless, mobility increases the number of parameters 
to be controlled during interaction thus increasing technical design difficulties (Michaud et al., 2007).

Children-Robot Interaction

Together with physical appearance, a robot’s behavior is also important as to how well it can be accepted 
by humans as well as how effective it can be during a therapeutic session. Despite variations in robots’ 
physical appearance, all SARs aim at generating therapeutic interactions such as elicitation, coaching, 
and reinforcement of social behaviors with human users. Human-robot interaction is described by the 
behaviors produced both by the user and by the robot during a session. The goal of an interaction might 
be to elicit joint attention, to mediate sharing and turn-taking between the user and others, to encour-
age imitation, etc. The robot can act as a teacher in an authoritative role, as a toy intending to mediate 
behaviors, or as a proxy to allow the user express emotions or goals (Scassellati, Admoni, & Matarić, 
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2012). A superb feature of robots is their capacity for repeatability and work without getting tired or 
complaining. Since robots do not humiliate or belittle people, it occurs that people in special conditions, 
e.g. autism, have less anxiety in interacting with robots and they are more willing to participate in learn-
ing exercises with robots rather than with humans.

Developing robots that socialize with people for sustained periods of time is technologically demand-
ing (Kanda et al., 2004). Nevertheless, recent years have witnessed progress in this area. For instance, in 
a recent study, a state-of-the-art social robot was introduced in a classroom of toddlers for more than 5 
months with the following results. The quality of the interaction between children and robots improved 
steadily for 27 sessions; then quickly dropped for 15 sessions when the robot was reprogrammed to be-
have in a predictable manner and finally it improved in the last three sessions when the robot displayed 
again its full behavioral repertoire. Note that, initially, the children treated the robot very differently than 
they treated one another. Application results have also demonstrated that current robot technology is 
surprisingly close to achieving bonding and socialization with human toddlers for sustained periods of 
time. More specifically, quantitative behavioral studies have demonstrated that in a period of 5 months, 
long-term bonding and socialization took place between toddlers and the social robot. Rather than 
decreasing, the interaction between children and the robot increased over time. In particular, children 
exhibited a variety of social and care-taking behaviors towards the robot and progressively treated it 
more as a peer than as a toy (Tanaka, Cicourel, & Movellan, 2007).

As mentioned above, the goal of using robots in STE is to encourage children to both engage and 
develop social skills. Thus, robots used in therapy are designed to take part in different interaction goals 
such as attract/maintain attention, evoke joint attention, suggest imitation, facilitate turn-taking, etc. Many 
studies have reported positive effects regarding robot presence on attention and/or engagement therapy 
scenarios with children (Barakova et al., 2018; Dautenhahn et al., 2009; Feil-Seifer, & Mataric, 2008; 
Ferrari, Robins, & Dautenhahn, 2009; Kozima, Nakagawa, & Yasuda, 2007; Michaud, & Caron, 2002; 
Pioggia et al., 2006). Some research provides evidence that robot behavior must be correlated or depend 
on the users’ actions so as to elicit prolonged engagement (Feil-Seifer, & Mataric, 2008; Goan, Fujii, & 
Okada, 2006; Stanton et al., 2008), whereas other studies fail to confirm such a connection (Scassellati, 
2005). However, any engagement recorded is social in nature, and despite social impairment, children 
with autism are statistically as engaged as typical children during robot interaction (Kim et al., 2012).

Joint attention is omnipresent in typical human communication and essential for learning collaborative 
skills (Johnson, & Myers, 2007). Some social robots, such as Keepon and NAO, are programmed toward 
successively searching for a user’s eyes and then for an object thus seeking to engage joint attention. 
Such behaviors performed by robots are likely to evoke joint attention regarding children with ASD. 
Many studies confirm that children with autism demonstrate spontaneous joint attention behavior when 
interacting with a robot, for example when looking to an adult and back to the robot or when pointing to 
the robot and looking to an adult or to another child with the intention of sharing some feature with that 
person (Dautenhahn et al., 2009; Ferrari, Robins, & Dautenhahn, 2009; Kozima, Nakagawa, & Yasuda, 
2005; Kozima, Nakagawa, & Yasuda, 2007; Pioggia et al., 2006; Robins et al., 2005; Werry et al., 2001). 
Children display the aforementioned behavior despite their previous tendency of avoiding eye contact 
and/or any engagement with unknown adults.

Imitation is an additional essential mechanism for learning an appropriate behavior. Children with 
autism face difficulties to imitate other people’s social behavior such as wave hello or goodbye (Wil-
liams, Whiten, & Singh, 2004). Imitation seems to arise naturally in many child-robot interactions in 
STE research. In particular, sometimes the children are encouraged by adults or by a robot to imitate the 
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robot’s actions (Duquette, Michaud, & Mercier, 2008; Ferrari, Robins, & Dautenhahn, 2009; Robins et 
al., 2004; Robins et al., 2005); other times imitation occurs spontaneously and develops into a game with 
the child imitating the robot’s behavior and vice versa (Kozima, Nakagawa, & Yasuda, 2005; Kozima, 
Nakagawa, & Yasuda, 2007; Robins, Dautenhahn, & Dickerson, 2009).

Turn-taking and sharing introduce challenges during social interactions with children with autism. 
More specifically, children can learn important life skills through social games that involve turn-taking. 
Robots by their nature, that renders them more animate than typical toys but less socially complex than 
humans, can elicit turn-taking with children who tend not to engage easily in such a behavior (Dautenhahn 
et al., 2009; Kozima, Nakagawa, & Yasuda, 2007; Ferrari, Robins, & Dautenhahn, 2009; Robins et al., 
2005). For instance, social robot Kaspar has been employed in a turn-based imitation game that resulted 
in a sensible interaction between two children with ASD (Robins, Dautenhahn, & Dickerson, 2009).

Roles of the Robot

Robots in STE can assume different roles, even during a single therapy session. For example, a robot can 
act as a teacher or a leader that guides the interaction, as a toy that responds to the child and mediates 
social behavior between child and others (Vrochidou et al., 2018), as a peer or a proxy that encourages 
children to express their emotions and/or desires, etc.

Playing is important for the development of children. Robots designed for therapy are presented to 
children as toys during special therapy sessions. The fact that robots can capture attention, act autono-
mously and move distinguishes them from conventional toys. In some cases, robots in STE are combined 
with conventional toys (Kozima, Nakagawa, & Yasuda, 2007), whereas in other cases they are presented 
in a free-form play session individually (Feil-Seifer, & Matarić, 2009; Kim et al., 2012; Michaud, & 
Caron, 2002). Robots can also be engaged as peers of children, especially in imitation games (Duquette, 
Michaud, & Mercier, 2008; Robins et al., 2004). Recall that joint attention is a context where robots 
can act as effective social mediators. By extending social mediation further, robots can initiate turn-
taking games between children with ASD. For example, researchers have reported the case of a teenager 
who, although previously could not tolerate another child in any playing activity, he was progressively 
introduced to a turn-taking imitation game first with his therapist and then with another child (Robins, 
Dautenhahn, & Dickerson, 2009).

Robots can act as teachers taking the lead and guiding social interactions. A robot can verbally ask a 
child to carry out certain behaviors such as spinning (Michaud et al., 2005), to guide the child through 
predefined play scenarios (Duquette, Michaud, & Mercier, 2008; Ferrari, Robins, & Dautenhahn, 2009), 
or to move autonomously in order to engage the child either in an imitation game (Robins et al., 2005) 
or in free-play interactions on will (Feil-Seifer, & Matarić, 2011). In most cases, a therapist or teacher 
instructs a child during interaction sessions with robots by explaining and giving instructions, e.g. “touch 
the robot” or “imitate the robot’s behavior” (Robins et al., 2005; Stanton et al., 2008).

More rarely, robots appear to act as proxies or receptacles of emotions or intentions of children. For 
instance, Kozima, Nakagawa, & Yasuda (2005) have reported cases where children express emotional 
behaviors toward a robot in the absence of other people; for example, they hit the robot on the head, 
they stroke it and/or try to comfort it, they wrap the robot with clothes so that it does not get cold etc.

Introducing robots in entertainment, e.g. in the theater, is a promising alternative toward CPSs for 
pedagogical rehabilitation in special education that needs to be investigated.
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Robot Autonomy

Children with learning difficulties, also due to preexisting conditions, might not behave consistently 
from day to day. More specifically, a child may be highly engaged one day during a therapy session and 
distracted the very next day. Therapists are ready to handle changes in a child’s behavior, therefore so 
should robots be, if they are to be engaged constructively in therapy.

Very often robots in therapy are controlled remotely by the so-called Wizard of Oz (WOZ) technique 
(Kahn et al., 2008). More specifically, a human programmer controls the robot remotely either from a 
different room or from the same room. The programmer can monitor human-robot interaction via cam-
eras in the room (Kim et al., 2012; Robins et al., 2004) or via cameras mounted on the robot in order 
to observe the interaction more closely (Kozima, Nakagawa, & Yasuda, 2005). The WOZ technique 
makes the robot more adaptive in line to the robot’s technical capacities. Although WOZ is effective 
toward quickly introducing robots in complex environments, it is not considered effective for long-term 
and/or large-scale use. By designing autonomous robots that could interact socially with individuals, 
researchers hope to achieve a seamless integration of SARs in therapies. Autonomous robots are only 
partly designed, since it is difficult to design robots that operate adequately in complex, dynamic and 
unpredictable environments such as those during therapy. Researchers aim at developing robust and 
flexible robot controls for real-world-applications (Scassellati, Admoni, & Matarić, 2012).

A control architecture, namely B3IA, that is a behavior-based architecture designed to address the 
challenges of autonomous robots as tools for children with ASD, has been proposed by Feil-Seifer & 
Mataric (2008). The robots possess an array of capabilities including sensing and interpreting the ac-
tions of children, processing of sensed data, evaluating the interaction, and changing the behavior by 
user-defined parameters. Figure 2 shows a block-diagram of the B3IA architecture, where each module 
corresponds to one of the capabilities required by an autism intervention robot. The suggested architec-
ture has been implemented successfully on a wheeled, non-humanoid bubble blowing robot and pilot 
experimental results have demonstrated improvements in the social behavior of children with autism.

Increased robot autonomy is expected to increase the operational capacities of SARs and thus enhance 
their potential in (special) education applications. One way of increasing robot autonomy is by making 
a robot more intelligent. The latter can be pursued by effective mathematical models implementable 
mainly in software. In particular, SARs call for an enhanced mathematical modeling paradigm due to 
their interaction with humans according to the following rationale.

The operation of conventional, i.e. non-social, robots typically occurs in a physical environment exclud-
ing humans and based solely on electronic sensors; hence, numerical models suffice to drive conventional 
robots. Nevertheless, when humans are involved, non-numerical data emerge such as words. In the latter 
context, the Lattice Computing (LC) paradigm has been proposed for modeling based on numerical and/
or non-numerical data in any combination for social robot applications (CybSPEED, 2017). Recall that 
LC has been defined as “an evolving collection of tools and methodologies that process lattice ordered 
data including logic values, numbers, sets, symbols, graphs, etc” (Kaburlasos, & Papakostas, 2015). LC 
models can rigorously involve numeric data and/or non-numeric data per se without transforming one 
to another. In this manner it also becomes feasible to compute with semantics represented by a partial 
(lattice) order relation. Trends in LC appear in (dos Santos, & Valle, 2018; Kaburlasos, 2011; Papakostas, 
& Kaburlasos, 2018; Sussner, & Schuster, 2018; Valle, & Sussner, 2013). LC models are expected to be 
instrumental in optimal CPS modeling applications because LC models can (1) deal with both numerical 
data (regarding any physical system component) and non-numerical data (regarding any cyber system 
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component), (2) compute with semantics, (3) rigorously deal with ambiguity, (4) naturally engage logic 
and reasoning and (5) process data fast (Papakostas, & Kaburlasos, 2018).

CHALLENGES IN THE STATE-OF-THE-ART

Control architectures for SARs must include sensors as well as efficient software in order to also interpret 
the intention of children by monitoring them. Sensors could include physiological /biometrics detectors 
such as blood pressure, pulse, skin conductance and brain activity (Liu et al., 2008) or cameras that detect 
behavior (Feil-Seifer, & Matarić, 2011). Contact sensors that measure physiological /biometrics data are 
difficult to apply to people with autism because those people are sensitive to touch; nevertheless, the 
aforementioned sensors supply more precise information than non-contact sensors.

Interaction with autonomous robots that sense and respond to user behavior is an emerging field of 
scientific interest (de Haas et al., 2016; Kaburlasos et al., 2018 June). The development of effective robot 
controls for autism therapy applications might enable consistency of robot behavior, which is important 
in social assistive applications. Hence, human presence might be restricted, even substantially. Lately, 
scientific interest focuses on the design of SARs that response to high-level commands, such as verbal 
commands, from therapists in order to avoid awkward tele-operation of the robot.

In addition to robots that detect and respond to users’ actions, an emerging field in robots for STE 
regards detection of user mood and/or preferences so that robots adapt their behavior in real time accord-
ingly. For instance, a child with sensitivity to bright lights will be negative to therapies involving bright 
colored videos or images. Human therapists readily recognize and adapt to such circumstances. Robots 
need also to be flexible likewise during therapies. Significant work is still required before effective /
efficient control architectures for autonomous robots are integrated into real-world therapy sessions.

A recent work has proposed a behaviour modulation system for social robots based on emotional 
speech recognition. In particular, human emotion cues were detected using linguistic features in order 
to direct the robot towards appropriate behaviours (Lytridis, Vrochidou, & Kaburlasos, 2018). Note that 
commercial social robots such as NAO have embedded cameras that can detect behaviors; however, the 
low processing power of commercially available social robots as well as their low-resolution embedded 
cameras constitute substantial obstacles to overcome for real-time object recognition.

Figure 2. Schematic of (a) the control architecture and (b) the behavior network of architecture B3IA
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EVALUATION STUDIES

Socially interactive robots can be useful in therapy as well as in special education for a number of reasons 
(Boucenna et al., 2014). For instance, it might be easier for children with STE needs to interact with 
robots rather than with humans because robots are less complex yet they are controllably sophisticated 
enough so as to provide sensory stimuli toward enabling embodied interactions that are appealing to 
children (Scassellati, Admoni, & Matarić, 2012). Note that Thill et al. (2012) suggest that robots need 
to be applied in a controlled manner such that only relevant information is presented to the users, fur-
thermore robots are better than people in endless repetition.

Scassellati, Admoni, & Matarić (2012) report encouraging results when children interact with robots 
regarding engagement, level of attention and novel social behaviors including joint attention and imita-
tion. Cabibihan et al. (2013) present a number of benefits and roles that robots could have; these roles 
range from friend to therapist. Another study identifies four roles for the interactive robots in clinical 
applications (Aresti-Bartolome, & Garcia-Zapirain, 2014). More specifically, robots are used to (1) in-
vestigate robot-like behavior of children with STE in comparison to human behavior, (2) elicit behaviors, 
(3) model, teach or practice a skill, and (4) provide feedback on performance. Although most studies 
report positive effects regarding the use of robots in STE, it is also demonstrated that not all children can 
benefit from robotic support or can perform better than with a human (Diehl et al., 2012). Mixed results 
and variability in the nature of affective response is also reported (Kahn et al., 2008).

Regarding teacher acceptance of robots in STE, a recent study (Fridin, & Belokopytov, 2014) indicates 
that teachers in pre-schools and elementary schools accept the use of a humanoid robot as an interactive 
tool in the teaching process. Other studies (Costescu, & David, 2014; Oros et al., 2014) report a positive 
attitude towards the use of robots in (psycho) therapy and education, considering them as useful and 
potentially effective tools in STE. Recent survey results seem to encourage the joint engagement of robots 
and information technologies (Kostova et al., 2018). Despite the promising results, the actual current 
state of the application of robots in STE is still in early stages. More research is required to comprehend 
the clinical effects as well as the added value of robots in therapy and education. Note that a review by 
Diehl et al. (2012) has concluded that many studies are explorative; they also have methodological limita-
tions and do not focus on the clinical application of technology. The exploration of robot-based autism 
interventions is more directed to clinical or to therapy applications, and less to educational applications 
where children might also benefit from the use of robots for education delivery (Shamsuddin et al., 2015).

POTENTIAL FUTURE RESEARCH

Future advances regarding SARs in education applications call for improvements in both hardware and 
software as explained next. Currently, there are many open-source projects that can help beginners to get 
started. A number of open-source hardware platforms (Sparki, Hexy, OpenPilot, Arduipilot, TurtleBot 
etc.) and open-source software projects (LeJOS, Rock, ROS etc.) already exist and can support robotic 
research, education and product development (Pachidis et al., 2018).

On one hand, effective hardware design calls for the following specifications: (1) low cost in order 
to support the pedagogical model of one robot per student, (2) versatility so as to support a variety of 
curricula, i.e. engage an array of sensors for a broader range of applications, and (3) usability so as the 
robot has a simple, easy-to-explain design. Design is often the last consideration when incorporating 
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robots in an application; yet studies indicate that the design can make the difference regarding robot 
acceptance and encourage children participation. Due to the shortage of commercially available robot 
platforms for education, many research groups design their own robots. Note that most of the reported 
bibliography applications use either Lego in typical education applications or NAO in special education 
applications. On the other hand, effective software design needs to support several development environ-
ments from block programming to script (Barakova et al., 2013). Furthermore, the software, that is the 
principal means for making a SAR more intelligent, should support innovative teaching and therapeutic 
methodologies transferable across geographical and cultural regions. The design of complex activities 
for a robot to perform cannot be easily supported by current robot intelligence (Serholt, 2018). There is 
a need to increase SAR intelligence. In the latter context, the aforementioned LC (information process-
ing) paradigm emerges promising according to the following rationale.

Conventional robot interaction applications with the physical environment are typically pursued based 
on a 3D digital representation of the physical environment induced from measurements. Likewise, we 
suggest SAR interaction with a human based on a (structured) lattice data representation of a human’s 
“world model” of perceptions induced likewise from measurements. Note that a number of techniques 
for inducing lattice-ordered representations of perceptions/concepts has already been presented in the 
context of Formal Concept Analysis (Ganter, & Wille, 1999). Furthermore, recent work has considered 
the potential of representing psychological “gestalts” by lattice elements in social robot applications 
regarding autism treatment (Kaburlasos et al., 2018 January). What might be important is to further as-
sociate abstract notions of the human mind with specific brain activity patterns as well as with human 
behavior as shown in Figure 3. For simplicity here by “Mind” we mean a set of computer algorithms 
that process information, by “Brain” we mean a set of neurophysiology equations that describe brain 
activity, whereas by “Behavior” we mean a set of valid descriptions from human psychology – Note that 
Behavior could be as simple as eye blinking or gaze etc. In any case, lattice-order isomorphisms between 
Mind, Brain and Behavior are especially meaningful (Kaburlasos, 2004). Furthermore, LC models could 
be used inside the Mind /Brain /Behavior blocks according to the needs. It is understood that Figure 3 
may raise ontological-, philosophical- as well as practical implementation questions which we ignore 
here. In particular, here we simply assume all the required mathematical functions. Apparently, any 
implementation of the scheme in Figure 3 calls for interdisciplinary collaboration.

Figure 3 might also be a guideline for developing algorithms toward sharing (subjective) value systems 
such as intensions (Okanoya, 2018). Recall that the LC paradigm lends itself for developing algorithms 
that compute with semantics instead of computing solely by number crunching. In addition, due to the 
inherent hierarchy of lattice-ordered data, a learning algorithm in the LC paradigm has the potential for 
inducing structures in its application environment be it language, or emotions, etc.

A convenient starting point can be electroencephalography (EEG) signals. For example, Figure 4 
shows EEG signals from the UCI repository of machine learning databases (Dua, & Karra Taniskidou, 
2017) – This particular data arose from a study that examines EEG correlates of genetic predisposition 
to alcoholism. It contains measurements from 64 electrodes placed on the scalp sampled at 256 Hz. In 
particular, Figure 4 shows example plots of a control (i.e., non-alcoholic) subjects; the plots indicate 
voltage, time, and channel and are averaged over 10 trials for the single stimulus condition.

It is understood that EEG signals record, quite restrictively, integrated neuron activity in selected points 
on the surface of the brain, therefore EEG signals might miss subtle brain activity patterns. Neverthe-
less, in carefully designed experiments, EEG signals could provide initial evidence that abstract notions 
may be associated with specific brain activity patterns. In the aforementioned context, lattice-ordered 
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Intervals’ Numbers (INs) (Kaburlasos, & Papakostas, 2015) might be useful for representing EEG big 
data patterns; furthermore, deep learning can be pursued based on several layers of IN processing.

Recall that our objective here is to change the brain toward improving its capacity according to the 
Working Hypothesis WH that is by educational methods alone without resorting to any surgery and/
or medicament. Substantial preliminary work needs to be carried out toward providing clear evidence 
regarding any utility of Social Robots in (special) education as described next.

Large numbers of brain activity (response) patterns need to be matched painstakingly to the content 
of (evoking) “story telling” by a human narrator; the latter data are to be used as the Control Group in 
a number of statistical hypothesis testing experiments. Then, additional brain activity patterns should 
be recorded likewise by a programmable robot narrator; the latter data are to be used as the Treatment 
Group in the aforementioned statistical experiments toward identifying specific advantages of social 
robots in (special) education. For example, Figure 5 proposes tentatively a closed-loop control scheme 
as an implementation of educational scenarios. Recall that a Social Robot is to be employed as a sophis-
ticated stimulus of the Mind toward changing the Brain and, ultimately, toward changing the Behavior 
of a human student by educational methods alone. Note that all previous explanations hold even after 
dropping the “Brain” block either in Figure 3 or in Figure 5. Nevertheless, the engagement of brain 
signals is expected to increase the robustness of information processing.

CONCLUSION

This paper has described the potential of Social Assistive Robots (SARs) applications in pedagogical 
rehabilitation. SARs were presented as a subset of the more general and rapidly emerging technology 
of social robots. Moreover, pedagogical rehabilitation was presented as a specific domain in the more 
general framework of special education. Trends have been outlined.

Figure 3. Pair-wise interactions, tentatively designed analytically by Lattice Computing (LC) techniques, 
between Mind, Brain and Behavior might drive social robots
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Central in this paper has been the Working Hypothesis WH, which can be summarized as follows: 
SARs can be used as sophisticated stimuli to multiple levels of cognitive processing in children with 
learning difficulties toward modifying the cognitive processing, by triggering underlying brain’s compen-
satory mechanisms, and improve a child’s learning behavior based on education delivery methods alone.

Apart from improved hardware, the effectiveness of future SARs in pedagogical rehabilitation also 
depends on improved (intelligent) software. In turn, since the software typically implements mathemati-
cal models, effective mathematical modeling techniques are required. In this paper we proposed using 
models from the Lattice Computing (LC) information processing paradigm toward also computing with 
semantics represented by partial (lattice) order relation. Future work calls for systematic experimental 
testing toward demonstrating the validity of specific hypotheses.

Figure 4. EEG signals in 64 channels averaged over 10 trials
(Dua, & Karra Taniskidou, 2017)

Figure 5. A tentative implementation of educational scenarios
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KEY TERMS AND DEFINITIONS

Autism: An early childhood mental condition, characterized by difficulty in communication, in 
forming relations with others and in using language and abstract concepts.

Educational Robotics: Robots provided to facilitate student’s development of knowledge, skills, 
and attitudes.

Human-Robot Interaction: Is the study of interaction between humans as a multidisciplinary field 
with contributions from human-computer interaction, artificial intelligence, design and social sciences.

Robot Autonomy: The ability of a robot to possess the necessary computational resources when 
functioning, in terms of hardware and software, so as to be physically embedded in the environment.

SEN: Special education needs refer to people who have learning difficulties or disabilities that makes 
it harder for them to learn than most people of the same age, which calls for special educational provision.

Social Robots: Is a robot that interacts and communicates with humans by following social behaviors 
and rules attached to its role.

STE: Special treatment and education is defined as the treatment and education of students with 
special educational needs in a way that addresses their individual differences.


