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Abstract

This article aims to reflect on the main variables that make social robotics efficient in an educational and
rehabilitative intervention. Social robotics is based on imitation, and the study is designed for children affected by
profound autism, aiming for the development of their social interactions. Existing research, at the national and
international levels, shows how children with autism can interact more easily with a robotic companion rather than a
human peer, considering its less complex and more predictable actions. This contribution also highlights how using
robotic platforms helps in teaching childven with autism basic social abilities, imitation, communication and
interaction; this encourages them to transfer the learned abilities to human interactions with both adults and peers,
through human—robot imitative modelling. The results of a pilot study conducted in a kindergarten school in the Liguria
region are presented. The study included applying a robotic system, at first in a dyadic child—robot relation, then in a
triadic one that also included another child, with the aim of eliciting social and imitative abilities in a child with
profound autism.
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Introduction

Currently, there are different types of robots: some are prebuilt, autonomous and highly sophisticated (e.g.
Interactive RObotic Social MEdiators as Companions [[ROMEC], NAO and MILO); others are more flexible (e.g. the
Lego® MindStorms™ construction kit) (Erwin, 2001) because they are built to include the children while designing and
building different robots with specific behavioural characteristics (Akermann, 2002). Robotics experiments conducted
in recent years in kindergarten and primary schools included especially the usage of robotic kits such as Bee-bot and
Lego WeDo (Battegazzorre, 2009), which are parts of educational robotics (Leroux, 1999). These experiments are
associated with a variety of educational situations focussing on how to use robots as a learning instrument (Caci 2004)
while evoking multidisciplinary aspects (Garbati, 2012; Strollo, 2008). This is a new research area that has developed
from the constructivist paradigm (Piaget and Inhelder, 1966), later revised by Papert’s (1980, 1993) constructionist
approach, which considers robotic technologies as “objects to think with” (Harel and Papert, 1991). The strong relation
with the narration is the strength of this type of robotic educational systems. In such a structured technological
environment, it is possible to witness sociability promotion, cooperative work and co-construction of knowledge
(Ackermann, 2002).

However, this type of robotics is not useful in environments with children with disabilities (e.g. forms of profound
autism). In these cases, it is better to refer to the area of social robotics, which, through the application of sophisticated
platforms, has the aim of teaching children basic social abilities, imitation, communication and interaction (Tapus et al.,
2007). In fact, various research reports show that children with autism prefer robots to human beings (Robins et al.,
2005). Humanoid robots, which highly resemble humans but are less complex, help a child with autism to transfer the
abilities that have been learned with the robot and interiorised through imitative modelling to human interactions
thereafter. Physical imitation (Di Nuovo et al., 2014) naturally develops: sometimes it is structured, as the children are
actively encouraged by adults or by the robot itself to imitate the actions (Duquette et al. 2008); in other cases, it
spontaneously develops as part of a game in which the child and the robot reciprocally imitate their behaviours (Robins
et al., 2009). This game can also be extended to triadic interactions among a child with autism, an adult and a robot.
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This article presents a reflection on the main characteristics that make social robots useful in an interaction with a
child with profound autism, and results are reported on the application of the robotic platform IROMEC in a case study
that took place in kindergarten schools.

1. State of the art

The positive role of robotic technologies in sustaining the cognitive, affective and social development of children
with different types of special educational needs through play has been confirmed by numerous studies in this sector
(Marti & Giusti, 2009; Cook, Adams, Volden, Harbottle & Harbottle, 2011; Pearson & Borenstein, 2013; Robins &
Dautenhahnn, 2014). Those studies used prototypes specifically built to be utilised by children with physical and
cognitive disabilities or those affected by autism (Kaspar, Paro, IROMEC and NAO) (Dautenhahn et al., 2009; Shibata
et. al., 2001; Marti, 2005; Kulk and Welsh, 2008). However, there also are reports of use of robotic toys that can be
easily found in commerce (I-Sobot, Wall-E, Mst. Personality) and that are suitable for children with special needs
(Benitez & Cala, 2007). The chosen variables focussed on the impact of the ludic utilisation of robotic platforms on
cognitive, imitative and communicative—linguistic development of children and the consequences on their social
conduct. The educational and therapeutic effectiveness of using these robots was evaluated in experimental contexts,
mostly in rehabilitative interventions based on play.

Research (Cook and Polgar, 2008) shows how robotic systems have been used in replacement of standardised tests,
whenever the latter cannot be administered because of motor or linguistic impairments, to inferentially evaluate the
abilities of the child with disability regarding the understanding of abstract thinking and problem-solving abilities.
Those used were robots especially designed to solicit the activation of specific cognitive abilities in the child and, at the
same time, develop open environments that can enable discoveries, explorations and problem solving. Recent
experiments conducted on autism cases have studied acceptability (De Graaf et al., 2013), use of NAO (Gouaillier et al.,
2009), a robotic platform of socially assistive robotics (SAR) (e.g. Kim et al., 2013), as well as interaction and attention
maintenance using the robotic platform MILO. Currently, an experiment has been started at Gaslini Hospital (Genoa,
Italy), guided by the Italian Institute of Technologies (Istituto Italiano di Tecnologia), which includes the robotic
platform iCub, with the aim of helping children with autism to learn “motor communication” through imitation (Cavallo
et al., 2016; Ansuini et al., 2015).

1.1. Types of social robots

When talking about social robotics, it is necessary to distinguish between different types of robots.

Assistive robotics (AR): The term includes robots that assist the individual with disabilities through a physical
interaction. The link with assistive technologies (e.g. robotic prosthetic limbs that enable children with physical
disability to play with Lego bricks) is evident (Cook et al, 2011).

Socially interactive robotics (SIR): The term includes robots that have elicitation of social interactions as the main
aim (Fong et al., 2003).

SAR: The term includes robots that create a close and effective interaction with the individual, without focussing on
physical contact, giving assistance to improve rehabilitation and learning (Feil-Seifer and Matari¢, 2005, 2009; Rabbitt,
Kazdin and Scassellati, 2014). SAR systems are different from typical social robotic applications (e.g. SIR) as they have
to help the user, motivate him/her and influence a change in his/her behaviour (Scassellati, Admoni and Matari¢, 2012).
They use neutral interaction strategies, including language, facial expressions and communicative gestures, with the aim
of giving assistance that varies according to the specific intervention context (Feil-Seifer and Matari¢, 2005).

Cognitive robot companions: The term includes robots of more recent creation. They have the role of being at the
service of human beings, as expert assistants or companions, as “adaptive servants” that constantly coexist and interact
with the user. Those robots have to learn new abilities, take care of new tasks and grow in constant interaction and
cooperation with human beings. In addition, they have specific human-robot interaction characteristics that are not
simply functional but also emotional and social (Marti, Giusti, 2009), making interactions more entertaining, intriguing,
significant and similar to human ones.

It is necessary to choose the best robotic system depending on the disability. Regarding children with autism, SAR
robots are useful as they encourage social relations and learning through imitation (Goodrich et al., 2011; Villano et al.,
2011). The “robotic companions” can be used with several types of disabilities, as they are accessible, modular, social
and active.

2. Why use social robots

Due to its high level of interactivity and the presence of sophisticated personalising functions (Rabbitt, Kazdin,
Scassellati 2014), robotics can be positively used to decrease difficulties that follow the distress typical of social
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isolation (Lehmann et al. 2011); this promotes an increase of motivation and the acquisition of cognitive and relational
complex competences.

The reasons that justify using robotics in activities with children with autism are numerous. Firstly, robots represent
“real objects” that exist and concretely act in the external world. They can move in a three-dimensional space and
physically interact with people and the environment. Secondly, adjustable sensory stimulation can promote a more
significant perceptive experience, compared to that offered by a simple videogame. Thirdly, a robotic system is more
easily perceived as an “independent and intelligent agent”, even if with visible limitations. It can be seen as a sort of
“play mate” that can mediate activities in cooperative situations. The way in which the robot can simulate human
behaviour is fundamental in the social and affective development of children affected by autism, guiding them in the
complex world of social interactions. It is also necessary to highlight that if a robotic system is used to help the child to
develop his/her social abilities, this instrument does not replace adults or peers within an activity. Conversely, the robot
as a “social mediator” should nurture, support and constantly solicit interaction and imitation, while creating a link
between children with serious communicative/relational difficulties and their peers.

2.1 Modularity and configurability

In order to understand rehabilitative/educational interventions that can be designed using robotic systems, it is
necessary to clarify the characteristics that lead to the unanimous identification of a robot for autism, specifically, the
ability to navigate in the environment, to move some body parts and to induce an emotional involvement due to its
humanoid aspect and the interaction that it activates. The capability of enacting autonomous behaviours in relation to
stimuli coming from the environment or from the person (e.g. avoiding obstacles, reacting to touch and so on) and the
possibility to be programmed to carry out different types of complex behaviours (combinations or sequences of
movements, sounds, lights and so on) are also essential.

Modularity and configurability are two of the main characteristics that a robotic device must have in order to be
easily utilised in an educative context. These concepts gain importance in relation to the fact that children with autism,
whom the intervention is built for, even if with the same diagnosis, are very different, needing specific and
individualised interventions.

Modularity means that different functions should be activated in distinct modules; different possible combinations
of design are achievable, so that it is possible to create a change in the robot functionality. For example, a robot can be
built in three separate modules: module A associated with movement functions, module B related to functions of the
head and facial expressions and module C associated with auditory retroactions (sounds and vocal messages) and vocal
recognition. By assembling those three modules in different ways, it is possible to create four different types of robots: a
mobile robot with facial expressions and head movements (A+B); a mobile robot with facial expressions, head
movements and vocal interactions (A+B+C); a mobile robot controllable through voice (A+C); and a still robot with a
head, showing facial expressions and activated by vocal commands that can reproduce output vocal messages (B+C).
Other advantages that can be obtained from modularity include the fact that it is always possible to add new modules
related to specific requirements that need to be met.

Configurability concerns the possibility of modifying some variables in relation to specific functions. For example,
different variables can be modified in relation to the needs of the child regarding the action “moving on the ground”:
certain speed, acceleration and specific directions. Even the functions related to auditory feedback should be
manipulated by increasing or decreasing sound, as visual feedback should provide the addition of lights and colours,
hiding or making visible animated images.

Thus, modularity makes it possible to create robots with different functions; configurability enables to create a robot
with functions that are specific for the activities and are built based on the needs of the child.

2.2 Social function

Another element that should distinguish robots designed for children with autism is sociability, meant as the ability
of the robots to sustain the social model to which they refer and the complexity of interactive scenarios (Breazeal, 2003;
Marti, 2005). The risk linked to an excessive physical and behavioural resemblance with human beings or animals is
that of building a high expectation in the interlocutor, often let down during the interaction with the robot, which is
unable to fulfil very complex requests (Marti, 2005). This is why it is necessary to provide for a usage of robots in
which it is clear from the first interaction that they have an imperfect system (Norman, 1994; Marti, 2005), openly
manifesting their limits. Imitation of human characteristics is related not just to physical or cognitive aspects but also to
emotion expressions, recognition and control. Artificial emotions are used as part of the design of social robots to
increase the level of credibility in the interaction; to give feedback to the user about internal states of the robot and its
intention; and to help understand how some environmental factors can influence the behaviour of the robot. Robots can
manifest emotional states in different ways: turn light-emitting diode (LED) lights on or off to show excitement, as well
as control eyebrows, ears, eyes, lashes, lips and neck movements, to the extent of producing a high variety of emotive
expressions (Breazeal, 2003). It is necessary, however, to distinguish when the emotion expression in the robots is the
aim of the interaction and when it is intended as an element of mediation of human activity (Marti, 2005).
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2.3 Social robots agentivity

It is possible to share someone else’s emotions through a psychological process that allows one to recognise
emotions in other individuals through a discriminative mechanism that first focusses on facial expressions, then on body
movements, gestures, language and acting in general. Recognition becomes a basic requirement to understand the
perspective of others and distinguish it from that of the individual himself/herself; this makes it possible to share other
people’s emotions and being able to represent them (Marti, 2005). The discrimination is only possible if the other
person is recognised as an agentive, an animated subject that has intentions and aims and is able to manifest his/her
internal states. Attributing ‘“agentivity” to social robots is primary and depends on some physical perceptive
characteristics. Morphology, for instance, is closely linked with the idea of agentive (Johnson, Morton, 1991; Marti,
2005), as tactile experience is. This makes it possible to distinguish between an animate and inanimate object (Smith
and Heise, 1992; Marti, 2005), as well as behavioural characteristics such as eye movements, gaze direction, head
movements and autonomous movements, in opposition to those caused by external causes (Rakison and Poulin-Dubois,
2001; Scholl and Tremoulet, 2000; Marti, 2005). What characterises an agentive more is its ability to establish
reciprocal and contingent relationships with other agentives, being able to manage them even without immediate
physical proximity (Marti, 2005), e.g. following someone else’s gaze or feeling fearful after someone else manifests
fear (Baron-Cohen, 1995).

2.4 Sociability and imitation through robotics

Robotics is a useful intervention tool in educational and rehabilitative environments as, from the different
configurations that can be implemented (modularity and configurability), the robot can be adapted to the different needs
of the child (Dautenhahn et al., 2001; D’Ambrosio et al., 2003; Cardaci et al., 2004; Dautenhahn et al., 2007). The
behaviour of the robot can be gradually modified, introducing subtle changes every time that a new activity is
performed. In addition, its physical aspects, which are simpler compared to the appearance of a human being, provide
the child reassurance, faith and the idea of being in control of the situation.

The possibility of working in a context where peers are present and structured rules need to be followed can help
children with autism to both experiment with social abilities and gain positive results. However, unpredictable
behaviours enacted by peers make it very hard to achieve them. On this level, robotics can help to maintain the structure
of the rules within a specific context or activity stable, making the robot a useful mediator between the child with
autism and his/her peers.

3. A pilot study

The synthetic description of a pilot study that was conducted for about 6 months with a child with profound autism
in a kindergarten school in Liguria is reported here. The intention of the study was to analyse the correct usage of a
social robot; define the actions and activities that can be done to guide the child in learning emotional states; and verify
the possible transaction from a robot to a human (teacher or child) communication.

3.1 The robotic instrument

The robot IROMEC was used in this study. This robot was developed in the Sixth Research and Development
Programme (VI Programma Quadro di Ricerca e Sviluppo), as a prototype of a “companion robot” that can act as
mediator in rehabilitative and educational contexts, using the concept of modularity. Action scenarios that are
implemented in IROMEC are five in total, but only two were used in this study: Turn Taking and Generating Contact.

3.2 Experimental setting

The IROMEC robot is controlled by APM devices with a specific software. It was placed at the centre of the gym,
conveniently delimitated, in a bright and quiet environment, so that the robot was guaranteed a wide movement area. In
order to register all the events and be able to measure the variables during the interactions, a video camera was placed
such that it did not interfere with the experimentation. The researcher conducted the experiment operating the robot
remotely, while the teacher had the function of guaranteeing a familiar environment and helping the child in its
activities when necessary, while standing behind him/her.

3.3 Procedure
The experiment was designed with a progressive increase of the interaction and the activity was programmed so that

it could be flexibly interrupted if the child did not want to participate anymore (Conti et al., 2015). The following steps
were designed.
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Preliminary observation in a natural context through a specifically designed template was the first step.

It made it possible to collect information on the level of inclusion of the child in everyday activities, how much the
individual was included by other children, predisposition to interaction and autonomy in affective and relational aspects
(reassurance, willingness to following rules). The information collected was used to structure activities and the level of
difficulty.

Phase 1 — Free exploration

The child was prodded by the teacher to explore the switched-on robot set in a static mode. The child specifically
had to touch the various parts of the robot, explore the part representing the face and that showing its state (quiet,
resting, happy and so on) (focalisation of attention on the static object). Subsequently, the child was asked by the
teacher to follow the moving robot and be chased by it (focalising on the moving object).

Phase 2 — Generating contact

The child was guided by the teacher in an activity involving the interpretation of the emotions of the robot, which
were the consequences of actions towards the robot (cause—effect relations). He/she was asked to imitate the behaviours
enacted by the robot. It consisted of a physical imitation game, in which the role of the child was to put in effort as an
imitator or as a starter. During this phase, the device to control the robot was hidden from the child. Positive
reinforcement was released by the robot when the child was able to imitate the movements or guidance was given when
repeated mistakes were made or the child got distracted from the aim.

Phase 3 — Dyadic interaction

In this phase, the role of the teacher was taken by a peer and the request was to start an interaction through a turn-
taking activity, started between the peer and the teacher with the aim of encouraging the child to spontaneously take
part in an activity and apply the social behaviours stimulated by previous activities in a human interaction.

Phase 4 — Final phase

In this phase, the robot was programmed to communicate to the human that it needed to recharge its batteries; in this
way, it is possible to focus on the limitations of the robot and satisfy the ethical requirement of separation.

3.4 Data collection

Behaviours were recorded and evaluated through videotaping of the experimental sessions, using a questionnaire
divided as follows and separately completed by two researchers, which were then compared. Several behaviours were
recorded simultaneously (e.g. sight and touch).

In order to analyse the interaction, the four criteria of Robins et al. (2005) were used to evaluate basic behaviour:
eye contact, touch, imitation/closeness and human interaction.

4. Results and discussion

Eye contact measurements showed an increase associated with higher attention levels. Specifically, an increase in
eye contact with the static robot was measured, and it remained constant during movement and change of position of
the robot. In the last phase, an interesting increase of eye movement from the teacher to the robot to the peer and then
back to the robot was highlighted. Eye contact maintenance was activated by the latent intention of reaching for the
object and manipulating it.

Significant touch-related elements are associated with eye contact and attention. In the preliminary phase, an
increase of tactile exploration of the robot was evident, especially in the face area. In the final phase, the desire of
getting close to the robot with the whole body, in a sort of hug, was recorded.

The child showed a high ability in enacting facial expressions showed by the robot (happiness, fear, sadness, worry
and pleasure) and behaviours (flight, proximity and so on) throughout the range of activities.

Human interaction showed positive results in the last phase, in which the child moved from a passive audience-like
role (looking at the interaction between teacher and peer) to an active role. There are two significant elements: the first
one is linked to imitation, as the child enacted the same actions that he/she saw in the robot, the teacher and the peer
while he/she was observing; the second one is related to the interaction, meaning a change from looking for contact
(strokes, hugs) from the robot to contact from the teacher and then the peer.

Conclusions
The results of this pilot study will have to be confirmed by analysing a wider sample; however, currently, they
confirm previous results already reported in literature (Robins et al., 2005), encouraging the realisation of specific

intervention protocols that include the robot as a mediator between the child with autism and the human interlocutor
(child or adult).
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The increase of attention and eye contact/movement, as well as of imitative and interactive abilities, needs to be
considered as the first step towards a positive change in the sociability of the child. It is anyway evident that the most
significant results could be obtained with continuous interventions that should be developed over a longer time frame.
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