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Preface

Have you ever seen a boy with a severe motor disability, while sitting in a pram or in a posture

support device, watch other children play tag? His body is in a particular position, and his head is

bent down because someti mes it os hard for him
concentrate and force his eyes to look up while his head is tilted down to observe that wonderful

scene. And the laughing! Laughing from the heart, when a playmate falls down, gets tagged, or is

set freeé

And have you ever seen a girl with Down syndrome observe, with feigned indifference, other

children playing with a new (and perhaps technological) toy that she has not yet figured out how to

use, or for which she does not yet understand the rules? She mixes with the others who are talking

about it, imitating their behaviours to avoid being left out: and perhaps she is only waiting for
someone to show her everything thatods newée

Or have you ever seen an autistic boy lost in his world of identical and repetitive rhythms,

entranced by a noise, or a movement, repeated over and over again, on the same object, to

produce the same result, for what seems to be an eternity, oblivioustowhat 6 s happeni ng a
him? Have you ever thought about what it would be like enter that magical spell, to understand it

better, but above all to help him enter our world that, because of its variety, seems to offer so much

more?

This document, and the resulting research project, provides some answers for those who have had

such experiencesé and have been moved by them.

Rationale

The previously described situations, not unusual for those who interact with children with
disabilities on a regular basis for either personal or professional reasons, easily lead to pressing
guestions. We have gotten used to the surprising speed with which technological innovation
continues to evolve and thus itds natwural to thin
can provide answers for these children. And so here are some of those questions.

Therapist: Can | use robotic technologies to improve the play skills of some of my patients? But
also: Which and how many of my patients can benefit from using robotic technologies for play
activities? And what are they?

Teacher: Can | introduce play activities with robots in my class to increase the inclusion and
participation of students with disabilities? But also: How can the disabled student take part, in a
useful manner, in the robot-based teaching that | intend on using in the classroom?

Parent: Can my son or my daughter reap benefits from using a special or adapted robot toy?
Researcher: For what children can the robot functions at my disposal be a good play tool? But
also: In what way can | measure the effectiveness of the robot as a play tool?

2/72 Ver. 4.0
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These Guidelines
were developed at the
IROMEC - Interactive RObotic social MEdiators as Companions end of the IROMEC

three-year  research
IROMEC is a Specific Targeted Research Project (contract number ISTFP6045356) project co-funded by

co-funded by the European Commission within the RTD activities of the Strategic the European
Objective SO 2.6.1 AnAdvanced Roboticso Commission within the
IROMEC has targeted children who are prevented from playing, either due to | SiXth Framework
cognitive, developmental or physical impairments which affect their playing skills, Research and
leading to general impairments in their learning potential and more specifically Development

resulting in isolation from the social environment. programme.

Thanks to the dynamic

IROMEC has investigated how robotic toys can provide opportunities for learning and input of sector

enjoyment. The developed robotic system has been tailored to become a social

mediator, empowering children with disabilities to discover a full range of play styles, p_rOfeSS_|ona|5 and the
from solitary to social and cooperative play. direct involvement of

interested user groups
Project Consortium (primary users include
PROFACTOR GmbH htt p://www.profactor.at AT children with autism,
University of Hertfordshire http://adapsys.feis.herts.ac.uk/ UK .
Robosoft SA http://www.robosoft.com FR mental retardation and
VILANS http://Aww.vilans.nl NL severe motor
University of Siena http://www.disco.unisi.it IT disabilities while,
Universita della Valled 6 Ao s t a http://iwww.univda.it IT naturally, the
Toy Research Institute (AlIJU) http://www.aiju.info ES secondary users are
Risoluta S_.L.L. _ http://rlsolutq.com ES their parents,
AIT Austrian Institute of Technology http://www.ait.ac.at AT

educators and
therapists), IROMEC
has developed a new
robot toy prototype to
be used in school or rehabilitation activities designed for children with disabilities.

IROMEC, a consortium of nine European research and development institutions, has also
developed a method to apply robotics to all those educational and rehabilitative activities that,
through play, can improve and enhance the learning potential of children with disabilities.

The aim of the research team is to make available i not only to sector researchers but above all to
those who come in daily contact with children with disabilities T a new activity model that helps
children with disabilities fully develop their potential through the use of play supported by robotic
technologies.

Official website: www.iromec.org

Purpose of the Guidelines

Children with particularly severe disabilities, as anyone who comes in direct contact with them
knows so well, are often unable to play like their peers.

The differences are both qualitative (complexity of the games, type of skills demonstrated, ability to
play with others) and quantitative (time that such activities entail). In the most severe cases play
may not even be part of the childds behaviou
Joyful spontaneity, genuine fun, the electrifying experience of discovery and the richness of social
interaction associated with play may be partially or entirely precluded for children with autism or
other severe diseases that limit their mobility, language, perception and thought.

There are many environmental and individual factors that prohibit a child from fully experiencing

pl aytime activities i n t hese cases. I n aldhgkd,
cognitive or sensorial), other factors not related to him/her i the lack of materials and accessible
play area s , for exampl e, or activities that are

potential T cont ri bute to play deprivation which,
development, may generate secondary disabilities.

Identifying and eliminating all these play barriers, where possible, is crucial for those who want,
through play, to ensure full development, enhance involvement and improve the quality of life of
children with disabilities.

3/72 Ver. 4.0
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Selecting accessible play materials, adapting everyday toys, using special play support
technologies: these are the strategies most often applied, in educational and rehabilitation
environments, to improve the play activities of children with disabilities.

The new technologies, that provide clinicians and educators with an important resource for
eliminating play obstacles, undoubtedly play the most important role in this sense. This is the case,
among others, of the new robotic technologies which, in recent years, have proven to be a
resource capable of offering important play opportunities to children with even severe functional
impairments.

But if new technologies continue to develop at breakneck speed, they also become obsolete just
as fast. Choosing the most suitable technological tools to support play can be quite difficult without
up-to-date information.

Furthermore, innovative technologies are not sufficient to ensure that children with disabilities will
play effectively: to fully utilise the potential offered by robotic technologies it is also necessary to
have a solid methodology which, starting from the real needs of children, makes efficient use of
available tools.

These Guidelines are a useful tool for efficiently and systematically implementing the latest robotic
technologies to improve the play skills of children with disabilities.

Users of the Guidelines

These Guidelines have been developed mainly for those who, for professional reasons and on a
daily basis, work, live and play with children with various types of disabilities.

The main targets of this document are professionals in the fields of rehabilitation (occupational
therapists, physiotherapists, speech therapists, psychologists, etc.) and education (teachers, child
services operators, recreational and play centres, etc.).

However, the contents can also provide useful ideas also for those who, in various fields
(consultants, trainers), work with technologies designed to create independence.

And these guidelines will also provide parents of children with disabilities with a new perspective of
the production and market availability of hi-tech toys, while also allowing them to glean information
regarding to what extent their children want to play and their involvement in those play activities.
Finally, it is hoped that these guidelines i along with other documents in the IROMEC project i can
be utilised as a fundamental source and a useful stimulus for additional research and development
of innovative products in the play-oriented robotic technologies sector.

Content overview

These Guidelines have been developed to help the reader choose robotic technologies to support
the play activities of children with disabilities.

The reasons for analysing play as a fundamental activity in the development of all children and for
using it as an educational tool to facilitate such development are clarified in Chapter one. Various
types of interventions are described that can be utilised, in school and in the rehabilitation
environment, to achieve educational or therapeutic objectives, analysing how robotics can provide
effective support within such a setting.

Chapter two describes how children play in relation to their specific disability, analysing, using the
International Classification of Functioning as a model (the version for children and adolescents),
the individual factors (cognitive, relational, motor or sensorial impairments) that affect development
of their play skills. In this chapter the authors also delve into contextual factors that positively or
negatively affect how children with disabilities play.

Robotic systems in general, and those that can be used for play activities in particular, are
described in Chapter three along with a classification of such systems based on their functions and
use environments.

Chapter four presents some important experiences involving the use of robots in play activities for
children with disabilities. The descriptive charts illustrate the technical characteristics of the robots
used, the types of children involved, the intervention methodologies and the results obtained. This
chapter also describes the robots that can be acquired through common commercial channels and
the systems sitill in the prototype stage.

Finally, in Chapter five, the authors illustrate a possible play-based methodology for using robots,
describing the role and interactions of those involved (teachers, therapists, children with disabilities
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and their peers), the setting characteristics, the initial evaluation of children and the results of the
intervention.
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1 WHY: Play, disability and robotics. The reason for an encounter

1.1 Play definitions and visions

Fiction and reality, seriousness and frivolity, rules and freedom: over the centuries philosophers,
educationists, sociologists and psychologists have given play many faces and antimonies and
numerous definitions.

If the nature of play seems to be elusive and even ambiguous in some cases, even very different
authors do agree on one point: that play responds to an innate need, as demonstrated by the fact

that it can be found in all ages and in every culture.

While the play instinct links human beings not only to other mammals but also to other animal
species, such as birds (as evidenced by numerous ethological studies), it has peculiar traits in

man. In fact, in man, play is not only present during the initial stages of development, as is the
case with ani mal s, but al so t hr aduly,hitdlows inta othera n 6 s
expressive channels and emerges in science, the arts and technology, and in a propensity toward
humour and divergent thought.

Furthermore, play is not only nature, need and in
Huizinga, in 1939, with what has remained a fundamental study, coined the expression homo
ludens: play and culture are indissolubly linked since cultural phenomena develop from play and
through play. He also underscores one aspect of play that, over recent decades, will be re-used by

many authors: that play is the end result of a free choice. No one can be forced to play if he/she
doesndt want to.

For the child, play is an end in itself, an activity not oriented by material needs. Play draws on

reality but transcends and transformsi t i nt o the worl d of i magination

It was Bateson who emphasised the importance of

Metaphors of play the symbolic frame in play: man, just like the most

Play resemlles an oasis of happiness that we | evolved mammals, utiises a  non-verbal

happen upon in me desert. (Fink, 1957) communicative code that can provide an

[Bve been absolutely c appropriate _frame for some beNhaviou_rs an_d

that human civilisation arises and develops in | €O mmuni cate the Athis is pla

play like play. (Huizinga, 1939) Such a language consists of exaggerated

movements and postures, of histrionic activities and
Play is a dream, to play has meaning and the | of joyful expressions (like the smile) that denote a
sense of play is on the same level as and | gnecific behaviour in a play-like manner.

Includes the same chaos as the sense of a . . .
Aroam . (Klein 1922) Hence, if play cannot be unambiguously defined,

ités also true that pl ay is
childbébs everyday experiences. I n fact, this is th
and pleasur e: in othedrwonr dlo0oi.t is At hat which <c¢h

However, play is not only a set of structured or unstructured activities but also an attitude that is

reflected in all childhood activities, oriented constantly toward exploration, creativity, the
transformation of reality and challenges.

Play, in summary, represents the essence of childhood, and without it, as we will see in the next
section, a childbds devel opment cannot be compl ete
The "unanimous consensus anceming Fhe Pl ay i n tCbneentidri\ba the Rights of the Child
fundamental _roIe of play in promoting (1989): Article 31

development is demonstrated by the fact that | 1. states Parties recognize the right of the child to rest
it i s included in t hel aldNeBuse, tdCengage ennptayi amnd recréatibnal tf h e
Rights of the Child (1989). This document activities appropriate to the age of the child and to
affirms the universal right to play and the participate fret_ely in cultural life and the arts. _
need, by the member States, to ensure that 2. States Parties shall respect and promote the right of

Il child h | .. K the child to participate fully in cultural and artistic life
all children have equal opportunities to take and shall encourage the provision of appropriate and

full aplvantage of the richness of the play | equal opportunities for cultural, artistic, recreational
experience. and leisure activity.
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1.2 Play in childhood development

Over the last few centuries, the psycho-pedagogic sector has recognised that play is a powerful
natural and cultural mediator of childhood development.

From the simplest forms of sensory-motor play, typical of the first few months of life, to the more
intricate and complex types, like symbolic or constructive play, children gradually discover the
properties of their environment, enriching their experiences, learning new skills and consolidating
those already acquired (Garvey).

At the same time, the child progressively overcomes the initial stage, in which play is mainly
solitary and explorative, to venture into the complexity of cooperation-based play, a transition that
will allow him/her to enormously enrich his/her behavioural repertoire and to develop new
relational, linguistic and emotional skills.

Subsequently, boys and girls, having become more physically and cognitively mature, will be able
to take part in complex rule-based games and show appreciation for others with a strong
competition factor, as in the case of sport games, those involving mental tasks (chess or checkers,
for exampl e) or strategy games, in their tradit
videogames.

By playing, the child safely probes his/her limits, explores the world, bringing out emotions and
feelings that would otherwise remain unexpressed.

In recent decades, development age psychology has focused new attention on play in relation to
childhood development.

Play has three main functions: it contributes to cognitive (and social) development and to
emotional wellbeing.

Piaget is the first to have developed a theory linking cognitive development and play. According to
Piaget, the child, while playing, recognises the world, adapts to it, transforms it and becomes
progressively capable of representing it mentally.

The development stages of play identified by Piaget coherently reflect and accompany the
development of intelligence. From this perspective particular importance is attributed to symbolic
play in which, when it emerges, starting from the age of two, the child can mentally process stimuli
and experiences and distinguish fantasy from reality, demonstrating emerging abstraction skills
that will fully develop only at the end of childhood.

Bruner also considers play in its relationship with intelligence and learning ability: by playing one
learns to solve all kinds of problems, both big and small, by applying previously tested solutions or
completely new ones.

Instead, the Russian psychologist Vygotsky must be given credit for having shown how play
contributes to the development of a childés-soci a
based games that the child learns to self-control his/her behaviour based on the context and the
expectations of others, progressively interiorising social norms. According to Vygotsky, in
facilitating the emergence of social skills, play turns out to be an even more powerful means of
enhancing learning: in fact, for this author, knowledge is always constructed socially, and with
others.

Instead, it is psychoanalytical psychology, starting with Freud, that emphasises the bond between
symbol and play, for which the latter, on the same level as dreams, includes humour and art, a
manifestation of the unconscious.

I n this sense, play acts | ike a window onto the
becomes a powerful means for understanding the mental states (diagnostic function) and for taking
action (therapeutic function) when a traumatic event or an unbalanced condition may negatively
affect a childés growt h.

Wi nnicott, in investigating the role of games an
focused attention on the mental implications of play.

He introduced the famous theory of the transitional object according to which the child, through
closeness and contact with a toy (stuffed animal, doll) or a neutral material (such as a piece of
cloth), is able to process the separation of self from that of the mother. By playing, the child can
experience the transition between dependence and independence in a non-threatening manner.

7172 Ver. 4.0
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1.3 Stages, styles and types of play

In the previous section, the discussion focused on the possible functions of play: it can be
immediately deduced that play can be effectively implemented in educational as well as
rehabilitation activities, if applied to a child with disabilities.

In order to plan an effective intervention it must be clear what type of play is to be facilitated in the
child.

Various materials and activities can be proposed depending on whether the intention is to
encourage the ability to play with peers in a child who is isolated and inhibited regarding social
relations or, on the contrary, to develop the ability to play independently in a child who is
dependant on an adult and on others in general.

Similarly, the intervention must consider the ¢
manner, with play materials, so as to select toys (robots and other types) that will make new and
more mature skills emerge most effectively.

Studies on psycho-pedagogic play provide us with a reference setting for understanding child play
development. In particular, authors such as Piaget and Parten have developed comprehensive
theories of childhood play, highlighting its progression from the initial stages to acquisition of
mature play skills.

These (by now) classic studies theorise that play skills are acquired progressively, i.e. that they
develop in successive stages. Each of these stages culminates in the achievement of a
devel opment mi |l estone involving play skills as w
abilities.

The fact that some play behaviours, typical of the earliest growth stages, persist even following
acquisition of the more advanced skills, has led some authors, in more recent times (such as
Smilansky) to refer to types or styles of play rather than to stages.

In the following sections, to further clarify the type of play activity that can be facilitated by using
new robotic technologies, we provide a brief overview of the evolution of play with objects and of
social play in the child with typical development.

For what concerns the methods f or as <tershatimasgbea c hi
considered before planning an intervention and putting it into effect, readers are invited to review
Chapter 5, where a more analytical description of this subject is presented.

Instead, the possible use of robotic technologies to facilitate proper development of play skills in a
child with disabilities will be described in Chapter two.

The evolution of play in cognitive function

Studies of play as the driving force in a chil dbo:
analysis of the use of toys or other play materials, both structured (such as tools, dolls, cars, etc.)

and unstructured (e.g. sand, clay, cloth, wood, water, etc.).

Research on play shows that, over history and in different human cultures, childhood play has

always involved the use of different artefacts. Very different civilisations i Greek, Roman, Aztec

and Chinese to name a few i have all created play materials, such as paper, whistles, dolls and

objects in miniature representing everyday items (boats, pots, etc.).

But how does pl ay wi t h objects evol ve? And wh a
development?

Therebs no doubt that Piaget, more than anyone e
with objects as a cornerstone of his theoretical constructs. According to this author, by playing

childhood intelligence develops in a continuous dual process of adaptation to the outside world,

and of assimilation and transformation of the | at
According to Piaget, play and intelligence develop in parallel: therefore, the type of play exhibited

by a child indicates the underlying level of intellectual growth. He describes three types of play

which correspond to three intelligence development stages: practice play (sensory-motor
intelligence play), symbolic play (preoperative thought stage) and rule play (formal thought stage).

Practice play (sensory-motor)

Play skills emerge quite early, beginning the first few months of life and continuing to the second

year. Initially, ob ) ect s are used without any reference to t
interaction with toys or other materials is still undifferentiated (bring to the mouth, hit, throw, ...).
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Around the fourth or fifth year of life, the child shows greater interest in objects, exploring them
visually with increasing attention, manipulating them.

It is starting from this stage that practice play skills are fully developed: the child can finally explore
the world that surrounds him/her, perceive it through the senses, perfect his/her motor schemes,
and understand the characteristics and functions of objects, all prerequisites for creating the

foundations for the development of L
A classification of toys

subsequent play stages. o . With reference to a classification of play development
At the same time the child is also imitating | stages by Garon and Filion, the AIJU, in its Toy Guide

sounds, expressions, etc., while published annually since 1997, has developed a toy

strengthening his/her understanding of | classification system called ESAR (Exercise, Symbolic,

causes and effects. Assembly and Rule play). According to the ESAR system,
toys can be classified as:

Symbolic play e Toys for exercise: these can be toys for pre-toddlers

Starting from the age of two years, the child such as rattlers, musicbhoxes, tops, #fg

| Who can now menta”y represent the older children such as tricyC|eS, pedal—driven cars, etc.

outside world i demonstrates symbolic play | ° -rI;I?ZiSEithJ?L ;h’?;’;!canp;arﬁgsiﬁg'”dmg dolis, objects in

skills. . . e Assembly toys: these include puzzles, fitting toys,
In symbolic play the child reprocesses and building blocks, train models, etc.

goes beyon'd the given reality, r_eprese_ntlng e Rule play toys: these include board games (such as
objects, actions or persons not immediately dominoes, chess, checkers, card games or nore recent

present in his/her field of perception. games such as Scrabble or Monopoly) in addition to
Hence, a box can become a house, a block videogames.

of wood a car, and a piece of cloth a cape or
a flying carpet. The child can play different
roles, imitating persons he/she knows, made-up characters, or pretend to be someone else.

This stage is also marked by an explosion of the
the range of play experiences and, in a circular relationship, are supported in turn by the
development of play skills.

Piaget also underscores the psychological advantages of symbolic play: in fact, it accompanies the
childdés emotional devel opment , hel pi ngcthafredlith er t o
and to get rid of them through play.

It is again through symbolic play that the child begins to acquire the abstraction skills that will fully

develop only at the end of childhood.

Rule play

The ability of the child to take part in rule play emerges, according to Piaget, around six years of

age and continues into pre-adolescence. In this stage the child can perceive different aspects of

the real world, imagining different solutions to the same problem. In this period, boys and girls

begin to be attracted by games (such as board games or games involving competition) for which

they must comply with explicit and/or formal rules, and that require specific sequences and turns.

In rule play activities, players can assume different roles and will be penalised if they do not follow

the rules of the game.

In this stage interaction with the group of peers, based on shared involvement in the game and its

goals, becomes more intense.

Other types of play with objects

Piaget s theori es tad affect dnahd subsequeatridgas of pgyahalogists and
educators.

Over the years, however, many authors have taken divergent theoretical positions, developing
alternative classification proposals.

Smilansky, the psychologist of the development age, for example, introduced the construction play

category (that includes games with blocks, puzzles, etc.) that Bettelheim had already considered

as a very important concept.

Smil anskyos l essoni was t henp lieameretmdbd yi by tha ERAR c at e g

classification system of toys developed by Garon and Filion.
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The evolution of play in social function

The development of play skills is strictly correlated to the consolidation of interpersonal
relationships and social skills.

Parten, who was the first to describe the progressive development of play in light of the
development of social skills, identified four stages:

e Solitary play. The child plays by himself/herself independently, even in the presence of
other children. This typically begins from the first development stages, up to two years of
age.

o Parallel play. The child plays independently in an activity that is the same as the one being
done by one or more children also present at that time, but without interacting with anyone.

e Associative play. This usually occurs around the age of three years and is very common
among four-year-old children. In this stage the child still focuses on an individual type of
activity but there is also a lot of interaction with peers; in fact, in this stage the child
observes the activities of others and children play by taking turns.

e Cooperative play. This is the most advanced stage of social pay in which children begin to
be able to organise their play activities in a cooperative manner, utilising common objects
and playing complementary roles. Awareness of being part of a group emerges during this
stage.

Whil e Partends classification of soci al pl ay 1is
proposed over the years. In particular, while Parten considers evolution of social play as the
gradual abandonment of play modalities typical of the early stages, many authors emphasise how,

even in the older child, the acquisition of cooperative play skills does not imply abandonment of

play modalities considered here as more primitive.

This is the case of solitary play that remains
popularity of videogames by this segment of the population).

1.4 Play in the ICF-CY perspective

The importance of play as an essential part of a childbs devel opment is also
inclusion in the ICF, the international Classification of Functioning, Disability and Health developed

by the WHO (World Health Organization) in its most recent version dedicated to children and
adolescents (ICF-CY, 2007).

Health condition

(disarder or disease)

Body Functions 4 Aclivity o4 5  Participation
& Structure r S T

T

Envirenmental Personal
Factors Factors

Contextual factors

The ICF was developed to provide a scientific base and a common language for studying health,
making it possible to for professionals to utilise uniform data acquisition and analysis methods and
in various cultural contexts.
The ICF lists all the components constituting health and the stages related to it. These factors, both
individual and context based, are reported in the form of descriptor codes and are included in 5
different areas:

e Body structures

e Body functions
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e Activities and participation
e Environmental factors
e Personal factors

Abandoning the traditional medical approach and social model in favour of a holistic concept of
human health, the ICF considers the latter the end result of the interaction of individual factors
(body structures and functions, activities and participation) and contextual factors (human and

social environment, personal factors).

Play and the ICF -CY
1.1.1  Activity and Participation
o Learning and applying knowledge
0 d131 Learning through actions with objects
A 01310 Learning through simple actions with
a single object

A d1311 Learning through simple actions by policies and services,
’ relatingtwoo_rmoreobjects_ . per sonal ( gender , cul tur
A 01312 Learing through simple actions by ¥ indjvidual factors (skills and abilities, degree
relating two or more objects with regard to - S .
specific featires of somql participation, etc.). I_:rpm this
A d1313Leaning through symbolic play perspective, play is an activity that
A d1314 1 earning through pretend play contributes to the global wellbeing of the
o Major Life Areas child and to his/her health.
0 d880Engagement in play In turn, play is affected, as we will see in the
2 Zgggggﬂ:tarﬁ/ r.:laly next chapter, by numerous individual,
A dggozpargﬁefmz; o personal and environmental factors.
A 08803 Shared cooperative play The ICF-CY has developed various codes
o Community, Social, and Civic Life for play.
0 d920Recreation and leisure Here, according to a framework that reflects
A d9200 Play (engaging in games with rules Piaget ds theories, we foi
ggs‘n”tztr:‘;gﬁ’smr‘;c‘r’;aﬂ%%?a“'sed games and } e development stages that, starting from
Environmental Faclors the_: simple man!pulatlon o_f objects, _help the
o el15Products and Technology child to use it symbolically, while also
A e1152 products and technology used for | attributing imaginary properties.
play The ICF-CY also mentions rule play,
A e11520 general products and technology | highlighting its social value, including it
A fslrlrf‘l'azi adapted products and technology toQ-e t-her with sports an-d artiStiC_e-XpreSSive
for play gctlvmes_among the_lterr_ls dedicated to
osocial, civic and commun
The fcpaeorattii on in playo item, which is also include
the Amain | ife areas?o, |l ists instead the stages o
more mature forms of parallel or shared cooperative play.
But t he I CF does not only measure the <chil dobs
participation: in the area dedicated to environmental factors, the classification also includes all the
technologies, in a broad sense, designed for play.
This means that to guarantee the full potential linked to play, there must be contributions by
individual factors along with the presence and r
school public spaces, etc.) of environmental elements (toys and play materials) that are
appropriate for the childbés needs and current ski

The presence of a disability is not therefore
the inevitable result of a physical
impairment: it is determined by a number of
different environmental factors
(characteristics of the living environments,
social relationships, technologies, attitudes,

What does this assumption imply in relation to play by a child with disabilities?

According to what is proposed by the ICF-CY, if a child with severe impairments (such as a blind
child) cannot carry out some play activities (playing with a ball), this does not only depend on
individual factors (visual impairment) but also on environmental barriers that prevent the child from

playing (e.g. lack of adequate toys and play areas).

Vice versa, environmental factors can also facilitate play: in the previous example, it might become
possible to play with a ball by using a special sound-emitting ball, so that whoever uses it i and
even a blind child i can perceive its movements and trajectories, allowing them to play in a safe

place that they are familiar with.
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As we will see, an evaluation of the play skills of the child with disabilities, like the development of
play interventions, must include an analysis of the available technologies: common toys, adapted
or not, instruments, products and technologies designed for play are the factors that can make the
difference, facilitating or, vice versa, restricting play.

1.5 Play in the educative and therapeutic intervention

A child without disabilities normally does not need to learn how to play. In fact, he/she is guided by
instinct and, at the same time, by cultural conventions that are conveyed and learned without
formal or systematic teaching.

In these cases independently selected free play prevailsand i s present in al
life (home, school, neighbourhood, etc.).

The situation is different for a child with disabilities for which, as already mentioned, there may be
gualitative and quantitative impediments to play and where, sometimes, free play is absent or very
limited.

Playing can become itself an objective to be pursued, by therapists and educators, developing
structured interventions that guide the child by means of tasks of increasing difficulty and through
appropriate elements that facilitate the acquisition of new play skills.

In school and clinical environments play is not only an objective but, even more frequently, a tool
used to achieve non-play goals and a context that can facilitate other types of learning thanks to its
motivational value.

Today, in special education and in clinical practice, play is in fact a widely implemented
methodology that is used over a broad range of objectives in the cognitive, social and motor fields.
Play is also used to facilitate participation and inclusion in daily living environments and to evaluate
many areas of childhood development.

Some educators, like Visalberghi, emphasised that non-free play activities are not always based on
having fun, like those carried out commonly in school to facilitate specific learning in children with
or with disabilities, activitielsi Kéaa.t in fac
There are many differences between free play, in which the child is almost always the only judge of
his/her actions, and the play proposed by the teacher at school, that considers specific objectives.
Here the adult, who knows the real purpose for which the play activity is organised, has a primary
role in leading the play activity, in establishing its rules, in setting up times, spaces and materials,
and in mediating the relationships between the young players.

The same type of objection could be made as well regarding the use of play in rehabilitation, where
the objective on functional change is different from play in itself.

So, how can we eliminate this contradiction, reconciling educational, educative and rehabilitation
needs with the intrinsic freedom of play, which is oriented more toward the means than the ends?
An initial answer can be obtained considering that even when a play activity is proposed to achieve
other types of objectives the child may still have fun.

The boundary between play and play-like may thus be rather vague. However, to avoid
transforming play into something deceptive, something that hides the real educational or
rehabilitation purpose, the adult (teacher, educator, therapist), fully aware of the richness of the
play experience, must organise activities that are captivating enough to get the child involved in a
situation that for him/her is really fun and enjoyable, while always leaving room for unpredictability,
independence, individual creativity and freedom of action.

Play in occupational therapy

The rehabilitation environment that optimises the potential of play more than any other is
occupational therapy.

In this case, in fact, the intervention and the evaluation are not based on tests and exercises as an
end in themselves but on real occupations, i.e. activities aimed at improving the mental-physical
abilities of the person in his/her environment, while also making that person as independent as
possible at the same time.

If these interventions are aimed at childhood, play takes a leading role: in fact, it is the main
channel through which the therapist encourages children to acquire motor, linguistic, relational and
emotional skills.
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Occupational therapy, with its focus on meanings that the presence of a disability entails, aims at
giving the child with disabilities a complete play experience to improve skills but also the quality of
life and degree of wellbeing.

The importance of research and occupational therapy practices is demonstrated by the large
number of play assessment tools that have been developed in this area.

It is significant to note that these tools (see for example Bundy, 2008) do not focus only on
measuring play skills, but also consider other factors, such as fun, motivation and involvement in
play.

In line with the holistic scheme of occupation therapy, the play tests developed in this disciplinary
sector also evaluate environmental factors, such as the attitude and the support of adults, the
characteristics of the play areas and the presence of dedicated assistive technologies.

Play in physiotherapy

Play involving movements such as obstacle paths, swings, playing with a ball or in the water, using
building blocks or unstructured materials like play-dough or sand, are activities commonly used by
physiotherapists to help develop functional skills such as balance, walking, coordination and
manipulation in children with diseases that cause motor impairments.

Play is used quite extensively in physiotherapy and, traditionally, in play-like learning activities:
through play, the child is motivated to carry out specific movements. Play is also widely used to
reduce boredom, due to the repetitive nature of the exercises or the discomfort that the therapy
might cause.

Play is also used, getting the parents involved as well, as a means for generalising, in these daily
contexts, the new skills acquired through physiotherapy.

The physiotherapist utilises play activities to evaluate motor skills, especially when small children
are involved. Some of the tests commonly used to evaluate major motor skills include throwing,
catching and kicking a ball; minor motor movements are measured instead through play-like tasks,
such as inserting beads or fitting pieces. Finally, observation of free play can be used to evaluate
the motor development of the child in all aspects.

Physiotherapy has begun using the ecological approach more extensively in recent years. In this
approach play is not only a means but also an objective in itself, and a valid alternative to
traditional exercises.

Fully aware of the complexity of motor behaviours and their adaptive value, many physiotherapists
today use play to get the child involved in the therapy and to have him/her do motor activities that
are significant for him/her, favouring real involvement over the correct execution of individual
movements necessary to carry out the play-like activity.

This new approach would seem to be a real Copernican revolution in treating diseases such as
infantile cerebral palsy, where for quite some time efforts concentrated on a very limited
interpretation of the movement, considered to be a mere set of reflexes and motor units.

Play in school
The educational use of play has old roots. In fact, it is since the first kindergartens arose in the first
half of the 19th century, thanks to the efforts of the German educator Frébel that play has ceased
to be merely a recreational tool, limited over time and space, and become the chief means of
learning.
Today, play is a structural element of the curriculum and a consolidated educational methodology.
In particular, in kindergarten and the first cycle of primary school, play activities are used to
facilitate acquisition of various skills: instrumental (reading, writing, calculating), expressive
(drawing, dramatisation) and psycho-motor (coordination, balance, posture, perception of the body,
space and time).
Through play teachers also encourage the acquisition of social skills and cooperation among
classmates.
But what happens in special education?
I n this case as well play is an essenti al el
learning skills and participation. Play is also used to facilitate:

e cognitive development: the ability to make hypotheses and solve problems; development of

imagination and fantasy, creative abilities and divergent thought;
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e emotional and affective development: expression of emotions and control of their intensity,
self-awareness, independence and personal autonomy;
e social and relational skills: cooperation, ability to mediate and negotiate, respect of rules;
e socio-cognitive development: motivation, self-esteem, perception of self-efficacy, pro-
sociality.
The possible benefits that a child with disabilities can reap from playing can be increased by
playing with peers without disabilities: classmates are in fact a powerful resource capable of
providing useful models to imitate, of stimulating, of encouraging and of offering social gratification;
vice versa, in non-inclusive contexts, the difficulties a child has in playing might be accentuated.
It should be recalled that Vygotsky already included the proposal and change-oriented value
generated by mutual interact i on with and proximity to fAslight
mediator and inspirer of ideas and solutions within the concept of the Zone of Proximal
Development.

1.6 The role of new robotic technologies

Predicted by visionary writers like Isaac Asimov, and made popular in the collective imagination by
dozens of movies, robots, once icons of a science-fiction future, are today an integral part of our
technological horizon.

Robotics, thanks also to recent contributions from the IT and neuroscience fields, appears today to
be one of the most promising sectors of technological development, as witnessed by the
progressive increase in its areas of application. Today, from medicine, aerospace and the military
to industry, education and the apparently more ephemeral entertainment sector robots, intelligent
machines that can adapt their responses to the environment, are instruments capable of satisfying
a growing number of human needs.

Thus, it should come as no surprise that in recent years research has focused on studying how
robotic systems can satisfy the complex needs of persons of all ages with disabilities.

Robotic technologies, already widely utilised in the health sector to support diagnoses and
surgeries, are now also being used in the assistance and prosthetics sectors (just consider walking
or manipulation systems). There is also growing interest in using robotics as a tool for rehabilitating
or re-qualifying a person with disabilities in motor, cognitive and social areas.

Robotics is also making headway in the education area, above all thanks to the successful use in
schools of very popular kits, |like LEGOE Mindstor
In recent years, the ideas and experiences linked to the use of robotics to support the play
activities of children with disabilities have also been gaining a foothold.

Why use robots?

Thanks to its sophisticated interactivity and personalisation functions, robotics has shown it can be
used with increasing efficacy to attenuate the physical impairments and discomfort related to social
isolation, as confirmed by the massive amount of research that has been conducted on this subject
over the last decade.

Furthermore, robots, owing to the complexity of their functions and the richness of the interactions
they can carry out, can increase motivation and facilitate the acquisition of complex cognitive skills.
However, an objection can be raised that, at least for what concerns children with disabilities, the
most recent IT environments (e.g. videogames and virtual reality) can propose fun and stimulating
play activities, provided that these activities are made accessible through the use of assistive
technologies (where necessary).

So why use robotics instead of the economical and widespread IT technology?

First and foremost, unlike game-based software applications, robots are real objects that exist and
act in the real world: in fact, they can move in three-dimensional space and physically interact with
users and with the surrounding environment.

This aspect provides significant added value for users with physical disabilities for whom not being
able to move or take action is one of the most powerful restrictions in their interaction with the
environment: a robotic system, for example, can allow those with severe motor impairments to
move in the play environment or manipulate objects independently, something that obviously a
software system cannot offer.

14/72 Ver. 4.0



IROMEC Deliverable D5.3

Then, a robot offers richer sensorial stimulation involving the visual and auditory channels, in

addition to touch. This creates a much more significant perceptive experience than any virtual

reality application developed to the present can provide.

Another advantage is that robots seem to be more easily perceived as independent and intelligent

agents. In other words, they are considered on the same level as persons rather than machines: in

the case considered here, as playmates more than toys.

The ability of some robots to simulate the behaviour of human beings has shown to promote social

and affective development, especially in children with autism, guiding them within the complex

world of social interactions.

However, it should be emphasised that if a robotic toy is used to help the child develop his/her

social skills, it is never considered a tool that must replace the adult or peers in the play activity. On

the contrary, fAsocialodo robots, because they foste
between children with severe relational and communicative disorders and others.

Even though the use of robotics in paediatric rehabilitation and special education is still in its early

stages, the abundance of experiences and research in this sector provides is an indication that we

are close to reaching a 6écritical massod that wild.l
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2 WHO: Special children at play: personal and environmental
factors

Who?

In this chapter, the authors will attempt to answer the following questions: what children can benefit
from a rehabilitative and educational intervention through play with robotics? What are the personal
and environment al factors that affect the op
pleasure and enrichment?

The answer could be that every child who is denied access to the variety and complexity of play
activities like his/her peers, due to limitations of some body functions or because of some
disabilities, can benefit from it.

If it is assumed, as discussed and substantiated in the previous chapter, that play is one of the
most important elements that determines the cognitive, communicative and social development of
children, to be prevented from playing means not having the opportunity to fully develop new
abilities and skills: this vicious circle should be interrupted or corrected.

Robotic technologies, when integrated in a methodological framework that supports its
implementation, can be one of the most interesting means of interrupting and correcting such a
circle. The lower the opportunity of playing, the greater the need for an intervention that focuses on
the development of play skills.

Are there any prerequisites for children to be involved in robot play intervention?

Children need to meet some requirements to be successfully involved in play intervention with
robots.

The child, for example, should be fully conscious, aware and alert; he/she should be aware of
people with whom he/she could interact and of objects in the surrounding environment.

The child should also have good short-term and mid-term memory functions, since he/she should
remember simple sequences of stimuli-actions-feedback. If not, the possible improvements might
be limited by the need to relearn the sequence of activities every session.

Interventions aimed at play activities could be planned and implemented in these cases as well,
but methods and tools other than robots would probably be more suitable.

Which diseases, limitations of activities and disabilities should be the main focus of play
interventions with robots?
During the first year of work, some of the partners involved in the IROMEC European research
project carried out a preliminary investigation with experts and professionals involved in the
rehabilitation and education of children with disabilities: people from five different European
countries (Italy, Spain, Austria, Netherlands and Great Britain) took part in cycles of panels to
guarantee a user-centred approach. At the same time a careful and extensive analysis of existing
literature about play, disability and technology was also conducted. Three main target groups were
identified as those that could better benefit from the introduction of robotics in the usual
rehabilitative and educational practice:

¢ children with severe motor impairments;

e children with mild mental retardation;

e children with autism (presence of limitations in communication, social interactions and

imaginative functions).

Does a child always belong to only one of these groups?

Often children have more than one type of impairment: children with severe motor impairments or
affected by autism may also have mental retardation; a clinical condition similar to autism can also
affect children with mental retardation or motor impairments; autistic children and children with mild
cognitive impairments can have also some motor impairments, even if in most of these cases it
cannot be considered severe. The professional who is assigned to one of these children should
focus on all the different existing limitations and impairments. If, for example, a child with severe
motor impairments also shows some cognitive diseases, due to clinical conditions or to
environmental factors (reduced experiences with physical objects, lack of autonomy and so on),
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teachers and therapists should mainly attend to the needs related to the motor impairments but

without neglecting the cognitive limitations.
all the different

| f

aspects that have s

ome influ

in light of the most recent research work, we have to start from the International Classification of
Functioning, Disability and Health in the Children and Youth version (ICF-CY), published in 2007,
and already briefly described.
The three types of disabilities previously identified are here defined through the impairments in
body functions that characterise them, while the consequent limitations of activities are described
when they are related to participation through play. Influences by environmental factors are
discussed in a different section as this subject affects all the different disabilities.

2.1 Severe Motor Impairments

When can a motor impairment b e

limitations of the neuro-musculoskeletal and movement functions. In this
context a motor disability can be defined as severe if these limitations regard
both lower and upper limbs, if they prevent a person from walking
autonomously, and if they affect both fine hand use and gross motor arm
functions. With such a case history most of the usual play activities are hard or

even impossible.

How do motor function limitations influence play skills?

defined as fAsevereo?
Generally, the ter ms

imotor i mpairmento

or Amot ol

The influence of motor function limitations on play skills is represented in the following table: on the
left, the individual activities that are influenced by the impaired body functions for cases involving
severe motor disabilities, and on the right the consequences they may have on play skills and
opportunities. Limitations are clustered in macro-areas according to the ICF-CY.

Limitations

Limitations in remaining seated or
remaining standing and in
maintaining head position

Limitations in using arms and hands
to lift, to carry, to raise, to take, to
push, to pull objects from one place
to another, to reach, to turn and to
throw objects

Limitations in fine hand use

Limitation in walking and moving
around

MOBILITY

Conseqguences on play skills

Since the child cannot (or can hardly) maintain a stable
position without any help, he/she cannot use standard
play materials and interact with peers for a sufficiently

long period of time

The child cannot interact with toys in a proper way,
both in terms of exploratory aim (dropping or throwing
them) and exercise aim (trying to send a ball or a little
car in a precise direction). The following stages of

assembly and symbolic play are affected too

The child cannot use toys to exercise manipulation and
hand-eye coordination is reduced: as a consequence

advanced and complex assembly and
activities are limited

symbolic

Play activities designed to know and improve motor
skills are affected by this type of limitation; social
games with rules like hide and seek and tag are

impossible
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LEARNING AND APPLYING KNOWLEDGE

Limitations

Limitations in touching and exploring
using the mouth

Limitations in using hands, fingers
and other body parts to experience
stimuli, such as touching and feeling
textures

Limitations in handling, throwing and
moving a single object

Limitations in actions relating two or
more objects, toys or other materials

Limitations in  actions
objects, toys or
symbolically

relating
materials,

Limitations in acquiring basic skills
like using simple tools

Limitations in acquiring complex
skills like to follow rules, to create a
sequence of and coordinate one's
movements

Consequences on play skills

The first stage recognized as play, sensory motor
exploration using the mouth, is impossible or limited
since the child cannot bring objects or his/her own
hands and feet to his/her mouth

The child cannot easily explore the form and the
surface of objects while handling them

The child cannot (or can hardly) develop the first stage
of sensory-motor play through which he/she explores
the physical world around him/her making sounds,
noises and other effects

The child cannot (or can hardly and with delay)
develop more complex stages of sensory-motor
experiences and spatial and cognitive exploration
relating objects on the basis of their physical features
(colour, shape, dimension): these activities can be
seen as the initial attempts of assembly play

Since the child cannot (or he/she can hardly and with
delay) use and handle objects, symbolic play activities
like feeding a doll, playing with a train set, using a
teddy bear or some puppets cannot be easily
developed

The child cannot or can hardly use pencils and felt-tip
pens to paint and draw. He/she cannot use modelling
materials

The child cannot or can hardly learn or develop play
activities that require complex movements: to play
games with rules such as football or to use some
building tools is affected by this limitation

COMMUNICATION

(if limitations of motor functions also affect language production)

Limitations

Limitations in speaking

Consequences on play

If the child cannot communicate through speaking, if
he/she can hardly or cannot develop linguistic
competences, he/she barely develops symbolic and
pretend play activities or social interaction with peers
in games with rules
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Limitations in producing non-verbal Facial expressions and body gestures are an important
messages (body gestures and facial component of play interaction, both for symbolic play
expressions) and for games with rules

Some important conclusions can be summarised from the above table.

e For children with severe motor impairments all the early stages of autonomous and
spontaneous learning activities through sensory-motor exploration are limited or even
impossible. Without any early intervention or support to allow the child to develop these first
experiences related cognitive functions could be negatively affected; further limitations in
the following play stages may arise (as occurs in the presence of cognitive problems).

e If sensory-motor play cannot be developed, solitary and onlooker play cannot become a
self-entertainment autonomous activity.

e If communication functions are affected by limitations it is even more difficult to develop
symbolic and pretend play skills and, on the other hand, without symbolic and pretend play
language functions cannot easily be developed.

e Motor impairments limit social play activities during the first years of life as toddler and
young children usually play together with physical interactions like the games Tag or Hide
and Seek.

Can robotic technologies increase play opportunities for children with severe motor
impairments?

Sensory-motor exploration
Children with motor impairments cannot fully develop
psychomotor functions due to limitations in physical
interactions through sensory motor exploration with real
objects in the real world. Current traditional methods can
permit physical interactions, in which the adults must
physically support the child: they can bring the objects near
the childbés mouth or hands t
they can hold and move the
objects. But autonomy and, above all, spontaneous initiative
of the child is really limited in these activities.
Assistive technology devices can allow more spontaneous
and autonomous activities where the child explores the cause-
effect relationship through switches and adapted interfaces | Fig. 1 An on/off switch can activate an
that allow him/her to activate powered toys or simple software | electric toy.
applications. In (picture from www.leonardoausili.it)
the former case there are really few toys that can be
. i : . used and one, or at least two, can be connected to
the change in some geometrical (dimensions or - . o
shapes) or physical (electrical conductivity, switches ea_ch time; in the I_atter case t_he cause-
temperature or colour) properties when an effect experience exists only in the two-dimensional
external force field is applied. For example, the | Virtual world provided by the computer screen.
smart material changes colour when pressureis | Robotic devices can overcome all these limitations:
applied to its surface or it gets smallerwhen an § the child can autonomously control the robot based
electric current passes through it on his/her own initiative: he/she can cause different
effects in the real world by interacting with objects
around him/her; he/she can move the robot as a physical object inside a three-dimensional world.
The robot can be an favataro, a personificati
of the child.
The robot can also be a play mediator to stimulate new play behaviours thanks to the social
interaction that it encourages.
Moreover, thanks to the possible integration of smart materials, the robot can supply a great variety
of visual and tactile feedback and stimuli, developing the skills of attributing cognitive significance
to these functions.

Smart materials
The characteristic feature of smart materials is
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Assembly play

Limitations in fine hand motor functions strongly affect assembly play activities, such as drawing,
colouring, reassembling the pieces of a puzzle, and creating simple or complex structures with
construction elements (bricks). Some of these activities could be experienced in a two-dimensional
virtual world through drawing software or puzzle software, while other tasks such as putting
together small bricks could be difficult or even impossible for children with severe motor
impairments even if they have special devices or adaptations (for example small gloves with Velcro
or materials that increase friction).

Robotic devices can have an assistive function since they can carry out a task instead of the child:
robots can carry out actions that require really precise control of movements automatically since
the aim of the activity should be to assemble in the bricks different ways and not to precisely
control the robot interface to find the bricks and to grab them.

Symbolic and pretend play
Symbolic play usually takes place with toys representing objects and environments of the real
world with a simplified design and reduced dimensions (small dishes and kitchen pots, doll houses,
train sets, small tool boxes). With this kind of toy, limitations in fine hand functions usually prevent
children from playing. Educational and rehabilitative methods can help children to play since the
adult usually manipulates toys according to the stories proposed by the child. If the child cannot
express his/her wishes through spoken language, symbolic or gesture techniques developed
according to the Alternative and Augmentative Communication methods allow the child to express
them. Just to give some examples the child decides which dress to put on a doll, but the adult
manually dresses the doll, the child decides where to drive the train, but the adult drives it to the
requested destination. There is strong
dependency by the child on the adult and this
limits both autonomous solitary play and play
with peers.

Nowadays there are some interface devices
through which to set an action using a software
application on a personal computer and produce
the corresponding effect on the real world.
Electric toy materials such as an electrical train

Augmentative and Alternative Communication
(AAC)

AAC is an area of clinical practice that aims to
compensate, either temporarily or permanently, for
the impairment and disability patterns of individuals
with severe and expressive communication disorders.
AAC helps people who find it hard to communicate
verbally or in writing to communicate more easily
using different methods such as signing and gesture,
picture charts, books and special computers.

ADIO i DIGIO i ADIOScan

ADIO and DIGIO are two hardware devices
developed by the C.I.D. (a Swiss centre for
informatics and disabilities). They can be used to
control electric devices and toys through a
personal computer and a dedicated software
application called ADIOScan. On/off devices and
analogical input signals can be controlled. Different
play activities can be carried out using available

set, toy household electrical appliances, lights of a
doll-house, electrical cranes and so on are
required.

Robotic devices could be used, such as animated
dolls or pets, whose actions are controlled and set
by the child who can thus carry out complex
sequences of actions.

Robots could also be used as play mediators for

example to get the child involved in a play-like
caretaker activity.

toys and according t o
Thanks to these devices the child can control more
than one action on different toys.

Games with rules

Games with rules include different types of
activities, from individual and team sports to board games, and from brainteasers to videogames.
Motor impairments can be an obstacle in all these cases. Board games can sometimes be
available as video games: children with severe motor disabilities could use them if they would be
realized according to a design-for-all approach that resolve problems related to accessibility.
Games with rules that require physical activity, such as running or catching and kicking a ball, are
really a complex problem regarding the inclusion of children with motor disabilities.

Robotic devices can be used to compensate for or substitute the impaired skills of the child in the
following examples: a robotic ball can be directed and thrown to peers through voice control or a
small robot can be hidden to play hide and seek or it can dance for the child.
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2.2 Mild mental retardation or mild cognitive impairments

What do we usually mean with the expressions fimi
i mpairment so?
The expression fAimild ment al retardat— ual |y

person of different degrees of not very severe limitations in various mental
functions such as: the intellectual functions required to understand and
constructively integrate the various mental functions, the attention functions,
for focusing on an external stimulus or internal experience for the required
period of time, the psychomotor functions, to control both motor and
psychological events at the body level, the thought functions related to the
ideational component of the mind, the basic cognitive functions, involved in
acquisition, organization and application of knowledge about objects, events and experiences, the
higher-level cognitive functions, for complex goal-directed behaviours such as decision-making,
abstract thinking, planning and carrying out plans (often called executive functions), and the mental
functions of language, mental functions of recognizing and using signs, symbols and other
components of a language.

Ced

How can limitations of mental functions influence play skills?
The purpose of the following table is to explain the influence that limitations of mental functions can
have on play skills and play opportunities; limitations have been clustered according to ICF-CY.

LEARNING AND APPLYING KNOWLEDGE

Limitations Consequences on play skills

Limitations in purposeful sensory
experience

The early stage of sensory-motor exploration is usually
shallow, in relation to the limited period of attention and
to the lack of intentional initiative; in some particular
cases sensory experiences could be developed
Apat hol ogi cfdudey attention torh a sngle
detail and not on to the object as a whole

Limitations in handling, banging,
moving, dropping one single
object

Limitations in learning through
actions relating objects

Limitations in
actions relating
symbolically

learning through
objects

Limitations in learning through
actions with objects involving
pretend

Limitations in acquiring language

Limitations in higher-level
cognitive functions, also called

To handle and to explore single objects can often be
stereotyped, repetitive, without a specific goal, with
mannerisms and in all these situations it cannot be
considered a real learning activity

Complexity of sequences and of combinations of actions
with objects is reduced, thus affecting assembly play

Limited cognitive functions lead to greater interest in
physical features than the symbolic meaning of objects
and this fact negatively affects symbolic play

The child cannot fully develop pretend play as he/she
has limited abstraction functions

The possibility to represent people, objects, events and
feelings through words, symbols, expressions and
sentences is reduced and this fact negatively affects
symbolic and pretend play

Complex symbolic play activities can hardly be reached;
sophisticated games with rules are impossible
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executive functions, (goal-directed
behaviours such as decision-
making, abstract thinking,
planning and carrying out plans)

Limitations in focusing attention

Since the child is easily distracted by external and
disturbing noises or stimuli and the length of his/her
attention is reduced, all play activities are negatively
affected

GENERAL TASKS AND DEMANDS

Limitations

Limitations in undertaking, carrying
out, completing one single simple

task

Limitations in undertaking, carrying

out, completing a complex task

Limitations in undertaking, carrying
out, completing tasks independently

Limitations in undertaking, carrying

out, completing tasks in a group

Limitations

Limitations in
complex spoken messages,
speaking and discussing

comprehending
in

Consequences on play activities

These limitations affect play activities that require one
single action repeated more than one time, such as
assembling a tower of construction bricks or assembling a
puzzle

These limitations affect symbolic or pretend play
activities, which use different toys and objects in different
contexts at the same time

These limitations affect all solitary play activities
The child usually needs the support and the help of an

adult to carry out symbolic and assembly play or games
with rules with peers

COMMUNICATION

Conseguences on play activities

These limitations affect symbolic and pretend play and
games with rules and all cooperative play activities
mediated by spoken interactions

Some conclusions can be drawn from the previous table.

e Because of cognitive impairments the sensory-motor play stage is limited with regard to the
richness of experiences, spontaneity of initiatives, complexity of sequences and
combinations of actions. Some pathological behaviours, such as repetitiveness and no-goal
actions, may occur. This reduced early stage of play affects the following play stages.

e With focused interventions the subsequent play stages can be developed but in a less
advanced manner, that means with fewer objects (dolls or bricks) and actions (only to dress
and undress dolls, only towers of bricks) or restricted to a few particular activities (play only
with small cars, to colour but not to paint and so on).

e Games with rules are possible only if they have simple structures and rules and mainly
entail physical involvement (hide and seek, turn taking activities).

e Solitary play is limited due to lack of independent initiative and is often repetitive.

o Cooperative play with peers is reduced for various reasons: play skills are too different if
compared to those of peers, the rules of the game and the play interactions cannot be fully
understood, social interactions can distract from the cognitive task required by the game.
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Can robotic technology increase play opportunities in children with mild cognitive
impairments?

Sensory-motor play

Sensory-motor play activities can be stereotyped and repetitive, performed with inappropriate
actions or, at best, show reduced initiative and variety. Usually the adult can support the play
activity with verbal stimuli or gestures, modelling the right behaviour, motivating the child and
selecting the play materials. Adapted play materials usually have bright colours, a simple design,
large dimensions, as well as visual, light or auditory feedback and stimuli. With the right support
children with mild cognitive impairments can develop play activities, but their autonomy is reduced
and they cannot develop further play skills through solitary play.

Robotics can be useful to support and develop solitary sensory-motor activities as feedback,

stimuli, and active-r eacti ve behaviours could be set up acco
childdés types of interaction. These adaptations a
commencing the activity or they can be carried out by the robotic device during the activity. In the

former case, for example, the adult could arrange many different visual types of feedback and

di sable auditory feedback, whil e in t hetherabott er C
could independently stimulate the child by capturing his/her attention and encouraging him/her to

act.

Assembly play

Possible assembly play activities are simpler when there is a mild cognitive disability. The adult

can support and motivatethec hi | ddés activities and supply him/h
simple to manage.

Robotic technologies can be used in these situations to motivate and support the child in creating

more complex structures and pictures. For example, robotic bricks can be designed to support the

chil d. Letds assume that a child wildl assembl e ¢
anything else for a specific period of time one side of the brick at the foot of the tower will be lit up

and a brick that has not already been assembled on the tower is lit up on one side. The child is
stimulated to put the new brick next to the first one of the tower. Then the top side of this added

brick is lit like the ground side of a new brick; again the child is asked, in this way, to add the new

bricks. A second tower will be built next to the first one. The process can go on and the child with

the help of the robotic bricks will build a more complex structure than the previous one.

Symbolic and pretend play

When mild limitations of cognitive functions are present, symbolic play is reduced owing to the
repetitiveness and simplicity of play actions and sequences.

Robots could provide support in two different ways. They could replace the adult, giving advice to

the child and modelling new actions, or they could represent one of the characters of the play

activity interacting with the child to stimulate new play behaviours: a robotic doll asks for milk after

waking up, a train goes to the station and asks for passengers.

Games with rules

Games with rules usually require higher level cognitive and language functions to fully understand

rules, to apply them, to develop play strategies and to carry out sequences of actions. Usually the

adult can support and motivate the child or he/she can start from a simplified version of the game,

gradually increasing its complexity and introducing new rules.

A robotic toy could suggest new actions to the child according to the rules of the game or it could

perform them for the child.

2.3 Autism

What do we wusually mean with the term Aauti smo?

Autism, also called pervasive developmental disorder, presents abnormal
functioning in three areas: reciprocal social interaction, communication and
restricted, stereotyped, repetitive behaviour; it manifests itself before the age of
three years. According to the ICF-CY autism can be defined by the partial
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coexistence of limitations in some of the mental functions: the global psychosocial functions,
required to understand and constructively integrate the mental functions that lead to the formation
of the personal and interpersonal skills needed to establish reciprocal social interactions; the
sharing attention functions, that permit focusing on the same stimulus by two or more people, such
as a child and a caregiver both focusing on a toy; the mental functions of language to recognize
and use signs, symbols and other components of a language (gestures); the psychomotor
functions to control both motor and psychological events at the body level; the emotional functions,
related to the feeling and affective components of the processes of the mind; some higher-level
cognitive functions especially related to abstract thinking. There are some overlaps compared to
the definitions already given for cognitive impairments: in fact a mild to severe mental retardation is
diagnosed in nearly 75% of all children with autism.

How can limitations related to autism influence play skills?

After having defined autism through limited body functions, the following table presents the related
affected activities along with information about the consequences they have on play skills and play
opportunities. Some cognitive limitations, often associated to autism, are not included on the list as
they have been already described in the previous section: but, when needed, they must also be
considered.

LEARNING AND APPLYING KNOWLEDGE

Limitations

Limitations in watching
(intentionally using the sense of
sight)

Limitations in listening
(intentionally using the sense of
hearing)

Limitations in other purposeful
sensing (intentionally touching

and feeling textures, tasting
sweets or smelling flowers,
mouthing)

Limitations in learning through
simple actions with a single
object

Limitations in learning through
actions symbolically relating
objects, toys or materials

Limitations in copying

Limitations in acquiring language

Consequences on play activities

The child cannot or can hardly concentrate his/her gaze
on people and activities around him/her and onlooker play
is limited: often the child turns his/her back to peers that
are playing and remains distant and inactive

The child is usually not interested (or slightly interested)
in other people around him/her and he/she does not
listen: cooperative play and games with rules can be hard
and often impossible

Sensory-motor exploration can be limited by excitement
and agitation, stereotypes, motor perseveration,
echopraxia, motor excitement

Manipulation and exploration of objects can be usually
stereotyped, repetitive, not goal-oriented, affected by
mannerisms and cannot be considered a real early play
activity

Reduced mental functions of abstraction and the limited
ability to attribute different meanings to reality can prevent
the child from developing symbolic play

The learning process through which it is possible to
develop play skills mainly occurs by copying the
behaviours of adults, of peers and of older children:
limitations in this activity can heavily affect play skills

The reduced function to represent persons, objects,
events and feelings through words, symbols, phrases and
sentences can limit the development of symbolic and
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pretend play skills

GENERAL TASKS AND DEMANDS

Limitations

Limitations in managing one's
behaviour

Limitations

Limitations in receiving and
producing verbal and non-verbal
messages.

Consequences on play activities

Difficulties in carrying out actions in a consistent manner in
response to new situations, persons or experiences can
negatively affect play activities, especially when they are
parallel or cooperative

COMMUNICATION

Consequences on play activities

Limitations in comprehending complex and idiomatic verbal
messages and in understanding and producing non-verbal
messages, such as facial expressions and body gestures,

can prevent the development of social play activities.

INTERPERSONAL INTERACTIONS AND RELATIONSHIPS

Limitations Consequences on play activities

Limitations in  simple social The child cannot or can hardly stand social interactions:
interactions cooperative play with peers could be almost impossible.

Some conclusions can be drawn and summarized from the previous table.

It is possible that children with autism do not have any evident functional limitations that
prevent them from carrying out solitary play (sensory-motor exploration, assembly play):
they usually do not have any motor limitations preventing them from reaching and catching
objects like children with motor impairments do; they sometimes do not have any cognitive
limitations. Limitations in solitary play activities seem to be more related to limitations in
copying functions or in showing specific and exaggerated interest in some parts of an
object, or in some activity.

Relational and social aspects of play activities are heavily affected by autism: even if there
are no cognitive impairments children with autism avoid getting involved in group activities
with peers. In this situation even really simple social play activities, such as taking turns and
mimicking, are barely possible and, as a consequence, social skills cannot or can hardly be
developed.

Symbolic and pretend play activities, solitary or collaborative, are impossible or can hardly
be implemented.

The almost complete absence of copying functions deprives the child of one of the
fundamental means of developing play skills and of learning.

Can robotic technologies increase play skills and opportunities for children with autism?

Sensory-motor exploration

Sensory-motor play activities are usually affected by autism: objects are used repeatedly and with
stereotypes; manipulation and exploration of objects are often focused on one single part with no
specific meaning or goal; every small environmental stimulus, such as sounds, lights, movements,
can be a possible source of distraction; there is no interest in new toys, new play situations,
unknown persons; lack of initiative or hyperactivity limit motor development.
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Moreover, due to impaired social skills, the intervention by the adult can be really difficult: vocal
explanations could not gr ab bédhaviou douldndtdescoped.t e
Usually the educational and rehabilitative approach is based on the following methods and means:
to reduce the possible environmental factors that may distract from the planned activity; to control
social and communication interaction with the child; to favour visual and tactile stimuli and
feedback; to propose a complex activity through a fixed structure of the subsequent single and

simple tasks.
Robotics can be a useful tool in these situations thanks to the fact that it can be adapted to the
chil ddos needs, setting up different configur

introducing little novelties every time the activity is proposed; its look and appearance can be
simpler than that of humans or pets, and small enough not to scare the child: all these features can

i nstil confidence in the child and create a
same time, a toy that changes often, even if not a striking manner, allows the educator and the
rehabilitator to take action to prevent the

the game, or specific parts of an object used for playing, behaviours which tend to isolate that child
from the surrounding world.

Assembly play

Impaired skills in assembly activities can be related to limitations both in cognitive and copying
functions. As regards reduced play skills due to impaired cognitive functions the possible
approaches and methods could be the same as those explained in the previous section. A robotic
device can be used to support assembly activities in the case of children with autism due to its
simple and mechanical aspects and its predictable behaviour.

Symbolic and pretend play

The opportunities and abilities to develop symbolic play are really remote and difficult for children
with autism. When this stage of play occurs, usually it is related to characters and situations
proposed by movies, shows and cartoons on TV or by videogames. The robot can be a play
mediator representing a known character whose behaviours can be precisely adapted and
i mproved in accordance with the childds need

Games with rules

Children with autism find it difficult to play games with rules since such activities are strictly linked
to social and relational interactions: this stage of play involves field trials in which children can try,
experience and improve their social skills. Rules could be a useful structured framework in which
children with autism can also obtain successful results, but in practice the unpredictable
behaviours of peers makes this framework ineffective. Robotics technology can support players in
maintaining the structure of the rules. In early games with rules involving turn-taking activities, such
us sending a ball or an object to others, the robot can be used to minimize possible behaviours:
direction of movements, speed, reactions to obstacle presence of a child are always the same.
Robots can become a useful play mediator between the child and his/her peers.

2.4 Influence of environmental factors on play skills and play
opportunities

Contextual and especially environmental factors are regarded within the ICF-CY as elements that
can contribute, together with the body structures and the body functions, to the individual level of
activities and participation.

The aim of this section is to describe how limitations in play activities, play skills and play
opportunities can be kept to a minimum through suitable environmental conditions and how
environmental factors can create a productive and basis for developing and implementing play-
based interventions through robotic technologies.
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Products and technology as play facilitators

What types of technology can make the development of play activities easier? Which products may
be useful when an impairment or disability is present? Let us start from the definition given by ICF:
assistive technology is any product, instrument, equipment or technology adapted or specially
designed for improving the functioning of a disabled person.

Environmental control systems are examples of assistive technology for everyday life. Even very
simple devices such as accessible Infra-Red remote controls can allow children with severe motor
impairments to try the cause-effect connection inside the real physical world. This opportunity can
have positive eff ect-assteemn«l dam eontral Imy bwhresvitodreentss en f
childrenés autonomy, ¢l can decide and act withot
wi t h meé, <nmmotivatibnitd adty «& hcan control these devices in my own environment |
can also control other devices»: environmental control systems therefore help to create the bases
for playing through technology, also eliminating
possible early difficulties.

Environmental control system

Environmental control systems are assistive Communication devices

products for controlling, from a distance, electronic Communication devices are assistive products for face-to-
and electrical equipment within the living face communication. They can be low technology
environment to enable independent living. solutions, such as communication boards and e-trans (eye
Examples of simple environmental control systems transfer), complex stand-alone electronic devices, or
are Infra-Red remote controls with large buttons or software that runs on a personal computer. They can have
that can be used via a single external switch or symbols or letters.

with vocal messages.

Ojololaly
mijojojlelew

Ol

(picture from www.helpicare.com)
The example in the picture above is a remote
control with an external switch: single keys have
liahts that turn on one after the other. When the

Accessibility of toys and play materials can be

another important environmental factor related to products and technology and can be a facilitating
element for introducing robotics in play-based interventions. In recent years, the diffusion of the
design-for-all approach in the production of standard toys, both in US and Europe, have been
encouraged by experts and associations.

Thanks to the improvements implemented in accessibility of commonly available toys children with
cognitive or motor impairments can successfully use a greater variety of play materials from the
mainstream market with two main advantages: lower prices and the possibility of sharing toys with
peers in a more inclusive perspective.
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Uni versal Design for Play Guidelines, | etos PI

1. THE TOY SHOULD BE APPEALING: DiffereRerceptible Information

The design appeal s to childrends sensory . (Theodesigd ,
communicates necessary information effectively, regardless of the user's sensory abilities.

The toy should use multiple modes (visual, sound and texture) to highlight access and differentiate responses.
2. HOW TO PLAY WITH THE TOY IS CLEARiImple and Intuitive Use

If a toy has a simple design then it becomes easy to understand how to use it regardless of the user's
experience, knowledge, language skills, or current concentration level.

Non-complex, intuitive designs are best; e.g. well-defined access areas wth consistent responses. Controls
should be obvious and accessible.

3. THE TOY IS EASY TO USEEquitable Use, Low Physical Effort

All children can use equivalent ways for playing with the toy. Physical effort is minimized. The design is useful
and marketable to children with diverse abilities. The design can be used efficiently and comfortably with a
minimum of fatigue.

All children should use the same/equivalent means of access when playing with the toy. The access and output
features of the toy should ap peal to a variety of interests and needs of all children. Physical effort should be
minimized with light to moderate force for operation. A variety of motions can be used to access toys (e.g. hit,
press, drop, bang).

4. THE TOY IS ADJUSTABLE:lexible Use, Size and Space for Approach and Use

A variety of actions can be used to play with the toy. It can be used in different positions; the toy can adjust to
the child. The design accommodates a wide range of individual preferences and abilities: approach, reach,
mani pul ation, and use regardless of usero6s body si
Appropriate size and space is provided for. Include features for an adaptable range of users. Output is varied
e.g. light + sound, vibration + sound, etc. or output can be adjus table; e.g. volume + light control. Toy can be
used in a variety of positions (sitting, standing, playing on the floor or on a supporting surface). Toys with flat
bottoms are most stable. Buttons, levers, etc. are positioned appropriately for reach.

5. THETOY PROMOTES DEVELOPMENT

The toy holds a childdéds interest and encourages ex
The toy encourages imagination and social play. It promotes discovering new ways to play (i.e. cause/effect,
building, pretending) and stimulat es physical or mental activity.

6. THE TOY CAN BE PLAYED WITH IN DIFFERENT WAYS

The toy appeals to children at varying developmental levels and abilities. It encourages use for more than one
purpose.

Toy appeals to individuals at varying age + developmental levels. It is appropriate for several ages. The toy
promotes use in more than one way (e.g. bug jarcanbe ashape buc ket , feorfi pdoodll s, a
boxo) .

Even if not all these new toys can be used in
cases involving severe motor disabilities, they
usually can be more easily adapted. This design-
for-all approach actually regards not only toys,
but also other materials used for play: guidelines
for accessible playgrounds have been
implemented through accessible facilities such
as swings and slides; developers of videogames
have been interested in issues related to a wider
accessibility of software applications for nearly
ten years. If this design-for-all approach will
increase the number of available materials for
play, children with disability will encounter fewer
obstacles to autonomously develop play skills
and to have fun. As a consequence the need for |
a focused intervention will be less pressing. Fig. 2. Example of an accessible play area
Play is also an interactive and communicative
activity with peers and offers the opportunity to experience and develop relationships. On the other
hand if communication is impaired due to cognitive, motor or relational problems, using a low or
high technology communication device could be an essential factor for carrying out play activities
with peers. Communication is required for all cooperative play activities to share experiences and
emotions and is necessary particularly for symbolic play since the child has to express and
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communicate his/her own stories. But having a communication device can also be useful for
interacting with co-players when playing games with rules.

In the end, even if the educational and rehabilitative functions of play are universally recognised,
the child can and should also use other educational methods and tools. If the child has used other
educational technologies before the play intervention, or is using them in his/her daily life, such as
educational software applications, he/she can probably obtain results more easily or the results
obtained can be more consistent, lasting and exportable to other play contexts.

Support and relationships as play facilitators

Human relationships as well as physical, emotional, practical support from the environment can be
some of the most important facilitator factors. The role of adults and peers who promote the
educative and/or rehabilitative use of robots in play activities of the child with disabilities will be
described in greater detail in Sections 5.6. and 5.7..

First of al | t meactivell cohtibodte to theadevelopment of play skills: they can

show confidence in technology as an important means to assist or replace impaired functions; they

can understand the i mportance of pl ay for lfée;he <ch
they can emotionally support the child in facing obstacles and difficulties; they can encourage all

the childés efforts; they can respect the develop
and interactions without anticipating them.

Ther api sts and teachers can positively influence
di fferent relational cont ext s: t hey can act t o

himself/herself and finally as social mediators with other children.

Regarding the first context they can support parents by stressing the importance of play as a

means for establishing and developing closer relationships with their child, enriched by joyfulness

and fun; they can also supply some hints about the right methods to play and they can limit the
parentsdé predisposition to direct and contr ol t h
education and rehabilitation professionals must work closely with parents to define and to reach

together the shared and common goals.

When interacting with the child, teachers and therapists should reinforce the emotional messages
given by parents: emotional support, confidence i
by technology are fundamental requirements for a successful play intervention based on the use of

robotics.

As a social mediator between the child and his/her peers, the adult can have a positive influence. If

the teacher exhibits an attitude of acceptance and tolerance towards the child and can point out

the strengths of that child, he /she will set a positive example for other children and promote their
relationship.

In the end, to easily integrate robotics technologies in clinical and educational practice,
professionals should be open-minded and curious about new work tools, sometimes accepting

needs and the opportunities to reassess their methodologies.
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3. WHAT: Robots for play

3.1. Definitions of Robots

First of all we have to find a common view about what we consider a robot to be. In any event, i
very difficult to offer a simple definition of what a robot is since today the world of robotics
technology is truly multi-faceted and for the collective imagination it has many functionalities and
human-like features that create fanciful expectations about what it can do. The idea of a robot is
continuously evolving and this is proven by the fact that even the official definition set out by the
International Standard Organization leaves out many devices that are regarded as robots: the
definition foc us e s mai nly on i ndustrial robotics a
controlled, reprogrammable, multipurpose, manipulator programmable in three or more axes,
which may be either fixed in place or mobile for use in industrial automation applicat i on s 0 .
Joseph Engelberger, a pioneer in industrial robotics, once, with a really pragmatic point of view,
remarked: «l can't define a robot, but | know one when | see one». We decided to adopt here this
practical approach and try to introduce some types of devices used for play that can be considered
as robots, leaving aside other types of robotic devices, such as assistive robots for people with
disabilities, industrial robotics, and robots used for surgery.

t

nd

IS THIS A ROBOT?

It is a robot because:
ROBOROVER™ It is anthropomor
(picture from www.wowwee.com) |l i ke o a robot ( p h ys

It can detect and avoid obstacles
(autonomous behaviour)

It can be remotely controlled

It has different types of feedback
and outputs (vocal messages, lights,
movements)

Its behaviour changes according to
environmental stimuli.

It is a robot because:
PLEO It is zoomorphic (physical
(picture from www.ploworld.it) appearance
It explores the surrounding
environment autonomously
- % It has different types of feedback
ot ) and outputs (sounds, movements)
It is sensitive to different stimuli
(sounds, voices, touch)
It expresses emotions
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[-SOBOT

(picture from www.isobotrobot.com)

It is a robot because:

It is anthropomor
| i keo (ghysicabdppearance)

It has different types of feedback
and outputs (sounds, voice, lights,
movements)

It is voice sensitive

It is remotely controlled

It can be programmed to perform
complex actions

PENBO

(picture from www.penbo.com)

It is a robot because:

It is zoomorphic (physical
appearance)

It has different types of feedback
and outputs (sounds, voice, movements)

It is sensitive to different stimuli
(sounds, voices, touch)

It expresses emotions

It interacts with its baby and other
Penbos

It can be remotely controlled

From the example provided in the table above we
characterise robots designed for play:

can identify some important features that

¢ Robots move around in the environment or move some body parts
¢ Robots induce emotional involvement thanks to their appearance and their possible

interactions

¢ Robots have autonomous behaviours in relation to stimuli coming from the surrounding
environment or from the user (obstacle avoidance, reactions to touch and so on)

e Robots can be programmed to perform different complex behaviours (combinations or
sequences of movements, sounds, visual outputs).

3.2. Toy robots for play-based intervention

According to the features identified above as useful for defining what a robot is, three different
categories of robots can be used to set up rehabilitative and educational interventions.

Toy robots
Robots, with their physical appearance, have
al ways sparked childrené

books, cartoons and toys often use the metaphor of
anthropomorphic objects with their own personality,
wishes and emotions. Owing to the development
and implementation of new technologies the number
of toy robots available on the mainstream market
has been increasing in recent years. Toy robots
currently available on the market have two main
features: they are remote controlled and/or carry out
autonomous behaviours.

In the former case the robot usually has many
degrees of freedom, such as movements of legs
and arms, of the head and eyes as well as auditory

An example of adaptation of a commercial off-
the-shelf robot: Wall-E

Walll-e is an appealing robotic toy featured in the
famous Disney Pictures movie. It can be controlled
via an Infrared remote control that is hardly
accessible for children with motor or cognitive
impairments (picture on the left). One of the
possible adaptations is to use two switches to
control two simple actions such as turning and
going forward (picture on the right).
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or visual outputs (sounds, colours and lights): all these effects can be controlled via Infrared
signals with a remote control. The remote control has many keys (usually at least one for each
degree of freedom) that can be also pressed in different ways or sequences to obtain pre-
programmed combinations of movements and outputs. Examples, from the table above, of this
type of robot are Roborover and I-Sobot. Small children, or older children with mental retardation,
can be involved in play activities using remote-controlled robots withthe so-c al | ed @ Wi
method, i.e. the robot is controlled by an adult who is hidden from the child and it seems as if the
robot carries out a completely autonomous be
pet or co-player and he/she can be properly stimulated to interact, to share attention, to physically
participate in the activity, and to communicate by voice or gestures. Older children or children
without mental retardation will realize that the robot is controlled by an adult and thus their interest
and involvement in the interaction may be lower. Remote-controlled robots can also be moved by
the child himself/herself: it may be useful to develop spatial awareness exploration, to perform
sequences of single actions or complex tasks, and to enhance interaction with peers. The major
limitation of this kind of use, when children with disabilities are involved, is the reduced accessibility
of the usually supplied remote controls: the small control keys makes it hard for children with
restricted fine hand functions to activate them, while a large number of keys limits use when
cognitive impairment is present. In these cases it is necessary to use i when possible i special
assistive interface devices or hand-made adaptations

The autonomous behaviour of the robot is used to
simulate interaction with a living being and the

3.2. Artificial Intelligence

possible effects and feedback from the
surrounding environment and user actions are
pre-programmed. Thanks to the application of
artificial intelligence technologies pre-
programmed behaviours can sometimes be very
complex and the robot can react in different ways
to the same stimulus according to the different
sequence of previous interactions: it is said that
the robot has learning functions. This kind of robot
can be used for example in symbolic play
activities where the child has to care for, feed,
entertain, lull and put the robot to sleep. More
sophisticated robots can also recognise and react

The purpose of Atrtificial intelligence is to design
and develop computers and devices that can
simulate the typical functions and reasoning of the
human mind. According to the Turing Test, Al
exists when a hidden device interacts with a person
and that person thinks the device is a human
being. For example, a device could implement
speech recognition and a sophisticated program
that links input sequences of words to precise
answers. Al can be developed based on two
different approaches: exploiting the high speed of
sequential calculation of computers or developing
technologies for parallel computation.

Al is presently utilised for learning behaviours, for
planning actions, for speech recognition and for

to different vocal messages and reproduce | Optical Character Recognition software.
waking-sleeping circadian cycles. Examples in the
table above of this kind of toy robot are Pleo and Penbo. When used with children with disabilities
these robots elicit symbolic play behaviours with some advantages compared to other inanimate
toys. As robotic pets have simple and nearly predictable behaviours and are rather small they can
more easily foster communicative interactions, especially when these functions are impaired. Their
use is limited by two main factors: their predictable behaviour can, in the long run, become less
interesting and stimulating; they cannot be programmed and adapted according to the needs and
preferences of the single disabled child.

Educational robots

Educational robots are classified between education and play activities: their aim is to propose,
with a play-based activity, important concepts regarding robotics and computer science. One of the
best known and widespread examples of this kind of robot is Lego® Mindstorms® (see chapter 4,
page 50). Educational robots can be used in two different ways with children with disabilities. First
of all they can be useful learning tools since they are for all other children. Compared with
educational software they have the important advantage that the child can experience the
consequences of his/her own logical choices in the real world made of real objects. Usually the
software supplied to set up the instructions to be sent to the robot to control its actions cannot be
used easily by children with cognitive or motor disabilities and in these cases some adaptations are
required. When adaptations have been made educational activities with robots have proven to be
guite useful to foster inclusion of children with disabilities in mainstream classes.
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But the adult can also create and program the behaviour of his/her own robot and can use it in play
scenarios created to achieve educational and rehabilitative objectives, as previously described

regarding other robotic toys.

Dedicated robots

Dedicated robots are devices, already available on
the market or in prototypal stage, specifically
designed and built for children with disabilities.
Some of the most interesting examples of this type
of device are described in chapter 4 and additional
information about other experiences and prototypes
can be found in related literature listed at the end of
this book. Only some important issues are
summarised in this context.

Many of the research activities reported in the
literature have been carried out with children
affected by autism since robots can be designed
with a simple exterior appearance and because
their interactions can be carefully adapted to the
needs of each child. For these reasons robots can
promote communication and interactions and have
proven to be useful as social mediators (see
chapter 4, pages 61, 65).

Other studies focused on children with cognitive
impairments in order to support, using physical and
concrete experiences, the process of learning
abstract concepts, like those linked to language

Robots as social mediators

Robots can enhance social skills: for example
they can stimulate imitation of facial
expressions and gestures in children with
autism thanks to simple aspects and
predictable and programmable behaviours
(see the following experiences with Kaspar).
Robots can enhance interactions with peers:
for example it can be an object of shared
attention in imitation activities or it can be
used for turn-taking activities (see the
following experiences with Kaspar and Rolling
Pins).

Robots can enhance relationships with the
adult: for example the robot can induce calm,
relaxation and a predisposition for affective
communication (see the following experiences
with Paro).

Robots can enhance motivation to therapy:
for example the robot can be an appealing
means of intervention since it can be fun and
amusing and can be used to carry out play-
like activities (see the following experiences
with Rolling Pins).

skills.

Finally, in a small number of cases, robotic devices that allow children with severe motor
impairments to interact with physical objects have also been designed, built and used.

I-Blocks and language therapy

Researcler s have positively
to teach language skills to children. They used
construction blocks with different colours and
shapes to represent different parts of sentences
(articles, propositions, verbs) and icons to
represent words. The usual therapy method was
applied with this kind of block instead of cards.
Different types of feedback were given by the
blocks depending of the correctness of the
structure of the sentence created by the child. It
was found that this type of approach enhances
autonomous trial-and-error activities and
involvement in the learning tasks.

In some cases these experiences have limitations.
Since robots are designed according to the needs
of very specific target groups (autistic children,
motor impaired children and so on), even if they
can become commercially viable products, the
limited target market makes them too expensive
for widespread distribution. Moreover they are
usually devoted to implement few activities and
they are used in contexts such as special schools
or rehabilitation centres. They should be foreseen
to have a solution for different uses, such as a

larger target group, children with different
disabilities, and new scenarios or new play
contexts.

3.3. Features of robots suitable for rehabilitative and educational play

interventions

As described in the previous section existing robotic devices can be used for play-based
interventions, fully aware of the opportunities they offer and especially of their limitations.

The consequent question therefore is: what are the features that a robotic device must have so
that it can be easily and widely used in a rehabilitative and educational context?

The first aspect that should be considered is that children, even if grouped under the same
diagnostic label, can be really different from each other. Two keywords should be therefore linked,
as regards robotics, to this great variety of individual functioning: modularity and configurability.
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Modularity means that different and even incompatible functions should be implemented in distinct

modules. Assembling the available modules in various combinations the overall robot
functionalities change and truly different set u |
robot consisting of three different modules: the first one, module A, is associated to movement

functions, the second one, module B, could consist of a head with different facial expressions, and

the third one, module C, can be associated to auditory types of feedback (sounds and vocal
messages) and voice recognition. By assembling these three modules in different ways we can

create four different robots: one mobile robot with head and facial expressions (A+B), one mobile

robot with head and facial expressions and voice interactions (A+B+C), one mobile robot controlled

by voice (A+C), one stationary robot with head and facial expressions activated by voice and with

vocal output messages (B+C). Other advantages offered by modularity are that new modules can

be added as new requirements are needed and that secondary users (teachers, clinicians,
therapists) can get and buy only the modules they need for the children they have.

Configurability concerns possible values related to specific functions. For example, as regards the

function of moving around on the floor, some values should be changed (configured) to match the

chil dbébs needs: maxi mum speed, acceleration, avail
to auditory feedback should also be set up, turning the volume up or down or selecting different

kinds of sounds. Functions related to visual feedback and stimuli should also be changed by

adding colours and lights or changing animated pictures (if present).

Other examples could be added but we can summarise them as follows: modularity can be used to

create different robots with different functions, while configurability ensures that the robot can be
adapted to the childés specific needs and prefer
possi bl e t o otfiwithrthe fubcionalitias dictatdd by the activities (scenarios) that should

be implemented and with the features required by the single child.

As a consequence of modularity and configurability the final system would end up being very

complex in terms of its design, construction and management. To simplify the management tasks

for professionals who, like therapists and teachers, usually do not have the skills or the time to set

up complex technical features, a really user-friendly interface for secondary users should be
developed.

Different levels of access to the robot functions should be available. Inexpert secondary users

should have pre-programmed activities that can be selected on the basis of the
therapeutical/educational objectives to be achieved and of the macro-groups of disabilities (target

groups). More experienced secondary users should be able to configure the robot to match the
childdébs needs and preferences in relation to feed
also be able to program the robot using simple procedures and create new scenarios, changing its
behaviours and structure.

3.4. Robots, scenarios and children: possible relationships

As briefly mentioned above, the features of the robot to be used should be linked on one hand to

the scenario (activity) to be i mplemented and, on
and construction of scenarios will be discussed in greater detail in section 5.4. but we will now

briefly explain how these three items are related.

As it will be explained in the following chapter if a play-based intervention has to be set-up we

should always start from the needs and the possibilities of the child. According to the educational

and rehabilitative objective(s) we decide to pursue one or more scenarios (play activities) that

could be implemented. To implement scenarios we need a robot with some particular features. The

following logical sequence is applied:

Child A scenario A robot
But, as we have seen in the previous section, according to child functioning some adaptations
could be required and thus we must add another relationship:

Child A robot
To describe the meaning of these relationships s
functioning could be a long and complex process and so we decided to make the subject easier by
starting from the features of robots and linking these features to the characteristics of the scenarios
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that could be implemented and to the functioning of the child. This approach also shows how
different the required features could be for different children.

Some of the existing relationships are listed and analysed in the following tables: they are not to be
considered as comprehensive but they have been developed as a useful tool to understand if a
fi r e abbtds suitable to carry out a pre-defined, play-based intervention, how it should be adapted
T if necessary I to the needs of a specific child, and in which context and play environment it
should be used. Some of these relationships come from the user-centred design process
developed within the IROMEC project, while others come from lessons learned during
experimental trials.

Physical features and appearance of the robot
The physical features and appearance of the robot are related to the robot as a physical object,
without considering advanced functionalities.

| Robot | | Scenario | | Child

Small dimensions reduce the possible Small dimensions require good visual
number of children that can play | |functions and an adjustable setting if
together (1 to 4) around a table or in a | |the child uses a wheelchair.

small area on the floor since the Bigger dimensions associated to
Dimensions children should be near the robot in movements and speed, can scare
order to see and to interact. young children, children with mental
Bigger dimensions mean it is possible retardation or children who cannot
to work in a larger area, with more autonomously move and run away.
children.

Weight affects the place where the
activity can be done. A heavy robot
Weight cannot be used for activities on a
table, especially if it is a mobile robot
that may fall off the table.

Anthropomorphic ~ or  zoomorphic | |The exterior appearance makes the
appearance is required to induce | |first impression on the child so to
physical appearance and to implement | |enhance further interaction it should
scenarios of symbolic and pretend be appropriate to the age, the
play activities. The presence of limbs, | |functioning and the preferences of the
tail(s), arms, legs, and overall face is child. Young children, children with
fundamental to achieve this purpose. autism or cognitive disabilities usually
like the appearance to be similar to
toys (bright colours, simple
appearance, not too small parts, not
too many details), while older children
can be attracted by a more
technological look.

An anthropomorphic or zoomorphic
appearance can enhance
communication and interaction.

Appearance
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Movements of the body

Robots usually can move on a plane, for example on the floor or on a table (possible but less
common and usable within the context of play-based interventions are movements in space (flying)
or in water). Movements can usually be performed using the wheels or legs with different speeds
and performance levels. We consider movements of single parts of the body in the following tables.
Obstacle detection is a more complex function related to sensing and reacting (stopping), but it is

described here since it is a fundamental feature of movement.

| Robot || Scenario | | Child
A mobile robot can carry out different | |If the child has to be stationary during
scenarios involving exploration of the | |the activity he/she should be in a
Mobility surrounding space: the r_obot can look position _V\_/here it is possible to see all
for people or objects, it can reach, the activities performed by the robot.
follow, run away from them, and follow
precise pathways.
Speed influences the required Speed should be adapted to the
dimension of the setting. Low speed chil dbés featur es.
requires small dimensions of the compar abl e tspeedwhie
setting to reduce the time needed to moving around: the child should be
move from one place to another. able to run after the robot and to run
Speed Higher speed is usually possible if the away from it. If the scenario does not
mobile robot has wheels instead of require the child to move, he/she
legs. should be able to follow the
Speed is also linked to the type of movements of the robot with his/her
possible movements: precise | |eyes.
movements usually require slower | |The activity may be boring if the robot
speeds. moves too slowly.
Obstacle detection can be an
important safety requirement for
mobile robots involved in play activities
with children.
Obstacle _Obstgcle detection can be used also to
detection |dent|fy_ target_s that can be usually
recognised in relation to their
dimensions, shape and position. In
such a situation the setting should be
empty to avoid misunderstandings
(real obstacles recognised as targets).
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Sensing and user input interaction

Sensing and user input interactions are related to the signals coming from the external
environment that the robot can detect and to which it can react in different ways. They are
considered here together because sensing can also be used as a user input interaction: for
example, if the robot is sensitive to sounds and sounds are generated by the user we can say that
a user input interaction occurs.

Input from the user can also be used as means to directly control the robot, giving precise orders to
the robot and selecting defined behaviours, outputs and movements.

| Robot || Scenario | | Child |
Light sensing can be used to simulate
Light circadian cycles: strong light means
sensing daytime for activities, faint light means
night time and rest.
Colour detection can be wused to
recognise targets from obstacles or to
distinguish  different  targets, for
Colour , .
detection exgmple objects qf dlfferent colours,
children dressed with different colours,
parts of the child
different colours.
The setting should allow the robot to If sounds detection is possible
distinguish the sound made for interaction between the child and the
interaction from the background noise: robot can be made through the
this means for example low | |productions of sounds: the robot can
environmental noises, no thundering identify the direction from where the
and echoes, few children involved in sound is coming and move towards it,
Sound the activity. it can detect different sequences of
detection sounds (one, two or more following
banging or clapping) and reacts in
different ways. Types of sounds
detected should be suitable to the
chil doés functioni
should be able to produce them with a
small effort.
Sound recognition can be used as
one of the possible user interactions:
Sound it_ makes it possible to distingui_sh
» different sounds and to respond with
recognition : o .
different reactions: voice can be
distinguished from noises, music from
clapping.
Movement detection can be used to Movement detection should be
create scenarios where the robot ||adapted to recognize the movements
Movement reacts to the c¢hel|ofthe child, for example if the child
detection robot can imitate the movements of moves slow or fast.
the child on the floor or follows him/her
into the room.
Scenarios involving interaction through Touch detection can stimulate social
Touch . . ) . i
detection touch can _be (_:reated since the ropot interaction and SQC|aI sklll_s, thus
can react in different ways according encouraging the child to attribute an
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to the part of the body touched and the identity to the robot.
type of touch. Touch interaction could be difficult or
even impossible if the child has a
motor impairment.
Speech recognition can be used to If speech recognition is possible
implement  scenarios based on ||children who have severe motor
interaction through speech, thus impairments but who can speak may
enhancing social communication with have alternative ways to interact and
the robot. The setting should allow the control the robot.
robot to clearly distinguish the words ||Some considerations should be
(low environmental noises, no added: speech recognition should be
thundering and echoes, few children). possi bl e i n t he
language; if speech recognition is
independent from t
child should have precise
pronunciation; if speech recognition
Speech can be trained
recognition pronunciation children with light voice
impairments can also use it; if speech
recognition is based on fluent
language (without pauses between
words) the child should be able to
pronounce a sentence  without
interruptions; if speech recognition is
made word by word children that
cannot pronounce a full sentence can
use the robot. Finally, usually the
smaller the dictionary of recognised
words, the better the quality of the
recognition.
Gesture recognition can be used to Gesture  recognition  should be
implement scenarios based on gesture | |suitable for the chil d 6 s mo \
Gesture i mitation (the r ob]|functions.
recognition movements) or on communications
based on body movements and
gestures.
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Input devices for controlling the robot

To control the robot means that the user can directly control its actions (movements, visual and
auditory outputs, behaviours) giving direct commands. This is linked to input user interactions as
explained above: here we list only the possible hardware devices for direct control. They hardly
influence the kind of children that can control the robot especially when there is an impairment of
motor functions. Cognitive impairments can sometimes cause problems with abstract versus
concrete devices (for instance physical switches versus virtual switches on a touch screen).
Remote controls can be used by the adult in the Wizard of Oz modality.

Robot || Scenario | | Child |

Children with motor disabilities can
barely reach input devices on board.
Remote controls can be more easily
reached if they are near the child, for
example on the table of the
wheelchair.

Children with cognitive impairments
usually like to touch and physically
interact with objects, and an on board
input device may be more attractive.
Children  with autism can be
stimulated to reduce the distance from
the robot and as a consequence from
people through the need for physical
interaction.

Remote/on
board

Switches, if big and coloured, are
really suitable and intuitive for young
Switches? children, children with cognitive
impairments, children with motor
disabilities.

Children with severe motor
impairments can sometimes use only
Scanning one or two switches. If scanning
techniques? techniques are possible more than
two commands can be sent by the
child.

The touch screen is less intuitive than
switches but it can provide many rich
visual stimuli.

Touch
screen

Keyboards with many and small keys
are not really easy to use nor are they
are easy to understood by children
with cognitive or motor disabilities

Keyboard

Personal If a personal computer can be used as
computer an input device then there are many

! Switches are defined here according to the International Classification of Stand&@89S@007 a®evices for

turning electrical circuits on or off.

2 Scanning tecniques can be used to select, with one or two on/off signals, one of many possiblities. It is widely used in
Assistive technology for example on communication devices assti@an keyboards (see the example of the on

screen keyboard in Windows).
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opportunities to use  Assistive
Technology input interfaces to expand
the group of possible users.
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Feedback and output interactions
Feedback and outputs are related to the stimuli the robot can give to the environment and
especially to the child. Feedback is usually the reaction to some environmental or user stimuli;
outputs are stimuli that the robot produces autonomously, for example to solicit interactions.

| Robot || Scenario | | Child |
Visual outputs enrich interactions with Visual output should be suitable to the
Visual users. chil dos functionin
_ They should be visible by the child simple outputs can be more
outputs: duri I A f d ble f hild ith .
lights uring all  activities  performe acceptable for children with autism or
’ (dimensions, brightness, contrast). cognitive impairments, colours should
colours, . . ) S
o Environmental lights should match the visual functioning of the
animations \ . . -
emphasise visual outputs. child, animations should be age-
related.
. Tactile outputs enrich the interactions Children with severe motor
Tactile : . :
outouts with users. impairments cannot or can hardly
b interact by touch with the robot.
Auditory outputs enrich interactions | |Auditory output should be suitable to
Auditory with users. t he chil doés fui
outputs: Environmental background noises preferences. Language used for vocal
sounds, should not cover auditory outputs. messages should be the native
music, language of the child, music should
vocal be age-related. Volume of sounds
messages shoul d be suitabl
functioning.
If different facial expressions can be The presence of a face with nose,
visualised on the robot (both with mouth and eyes makes it easier for
moving physical elements or with the child to attribute an identity to the
Facial animated pictures) activities involving robot, thus enhancing social and play
. expression of emotion can be easily | |interaction.
expressions . i , . .
realised. Children with autism may sometimes
need really simple and steady facial
elements with no or few changes in
facial expression.
Moving upper limbs and head make it If the robot has a head and upper
Upper limbs possible to carry out gesture limbs the child can more easily
and head communication and imitation activities. attribute give it an identity thereby
enhancing social interaction.
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Complex Functions

Complex functions are usually pre-programmed combinations of sensing, feedback and movement
functions. Just to give an example the obstacle avoidance function is realized by a sensing
function, obstacle detection, and a sequence of movements such as stopping, rotating and moving
away. The following are only some examples of possible complex functions.

Robot || Scenario | Child |
Obstacle avoidance means that the Distance and speed of movements
robot detects the obstacle and can shoul d fit t he
Obstacle move away from it. This includes functioning and preferences.
avoidance scenarios where the robot runs away

from the child or maintains a fixed

distance

The robot can detect an Distance and speed of movements
obstacle/target and follow it Shoul d fit chil doé
maintaining a fixed distance or trying and preferences.

to reach it. This includes scenarios
where the robot follows the child or a
ball trying to reach him/it.

To follow a
moving
target

The robot can execute different Movements performed should fit the
patterns of movements implementing chil dbés movement
scenarios where the child can imitate imitation is required

To execute
a pattern of

movements . -
and it or can control the _robot in C(_)mplex
feedback tasks_,_ for example in symbolic play
activities.
If the robot can grip an object and Interactions  with  objects are
move at the same time, reaching, particularly important with children
To grip | |[taking and carrying objects is ||with severe motor impairments.
objects possible. Activities like bringing a ball
or assembling bricks could be
implemented.

: Symbolic and pretending play Behaviours should be defined on the
Proactive, . . ) . . . A
reactive and scenarios might be possible |f. the basis ofthe chil dbs ne

: : robot has autonomous behaviours | |and preferences.
physiological h . i
functions such as reactive, proactive and

physiological functions.

Other features

Robots have other technical features that are not strictly related to implemented activities or the
children involved and that can influence the play-based rehabilitative and educational interventions.
A clear example is the type of power supply. The charge duration and the time required to fully
recharge the robot affect activity planning: for instance to hold at least one rehabilitation session
(nearly 40-45 minutes) almost one hour of charge, even during the most demanding consumption
conditions, is required or if more than one hour of power is available more consecutive sessions
can be carried out. Again the time required to fully charge the robot should be planned before
another session can take place.

3.5. Towards a concrete solution: the IROMEC robot

While providing a detailed description of the functions implemented by the prototype created within
the context of the IROMEC project and of the operating modalities lies beyond the scope of these
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Guidelines, we should still provide a brief outline of how the prototype explores the application and

is the end result of theories and knowledge presented in this chapter.

Firstly, IROMEC uses the concept of modularity. Presently, it consists of two main modules:

e a mobile base equipped with movement and sensing functions (for instance, detection of
obstacles and sounds);

e an application module with a main body and a head equipped with both passive and active
movements.

The application module can be used together with the mobile base in a horizontal position or by

itself, thanks to a special stand, fixed in a vertical position. Another module, in the construction

stage, consists of two arms equipped with a grip function in the mobile horizontal configuration.

As far as configurability is concerned, at the present time there are different possibilities in terms of

both hardware and software. In the basic configuration it is possible, for example, to have different

facial expressions created by visualising animated images on a small monitor installed inside the

head. These can be completely hidden, if necessary, using a fixed mask, or partially concealed,

leaving the eyes. Another example of hardware configurability is the possibility of changing the side

panels, that can be neutral and passive, or show visual stimuli through a special fabric consisting

of illuminated optic fibres.

In terms of software configurability, a classic example is the possibility of changing the scanning

times when using switchessoas t o adapt to the childds motor

Finally, numerous input devices are also available, including:

¢ the touch screen of the main monitor of the application module,

e the coloured sensors that can be positioned in special housings in the main body of the
application module or used in the remote mode, for example on the table of a wheelchair in
case of motor disabilities

¢ another mobile personal computer, normally used as a configuration interface by the adult
operator, can be used to increase the range of possible input systems to all assistive
technology hardware and software interfaces compatible with the Windows operating
system.

It is also possible to add more functions to the existing prototype and the authors hope that
development and experimentation will continue even after the project has been completed with the
aim of building an affordable commercial product.
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4. WHERE: Case studies

In recent years, experiences based on the use of robotic systems have proliferated in both the
educative and rehabilitation fields.

Among the systems described in the scientific literature there are also, as already mentioned,
prototypes designed according to the specific needs of children with disabilities as well as common
toy robots.

To provide the reader with a good overview of how these tools can be used, we have included a
few reports that describe some particularly important experiences in this field.

Instead of providing a comprehensive description of all the systems that have been tested to the
present, we will illustrate a limited number of these special robots.

We focused on recently developed systems for which there are documented T through
experimental research i therapeutic and/or educational benefits for children with motor, cognitive,
sensorial, development or learning impairments.

We have not included all those robotic systems not explicitly designed for play activities, such as
robots for manipulation or robotic systems for mobility.

The reports are presented in a modified format of the wellkk nown f i ve AWso (we

an fAHO) .

The reports will describe the following:

utilisation motivations (why)

appearance and functional characteristics of the system (what)
possible users (who)

methodology applied in play interventions (how)

use contexts (where)

results (which)

4.1. KASPAR

Why should it be used?

KASPAR (Kinesics and Synchronization in Personal Assistant Robotics) is a minimally expressive
humanoid robot for Human-Robot Interaction (HRI) research. It has been used in various research
projects in areas such as robot assisted play, developmental robotics, gesture communication, and
development and learning.

Fig. 3 - KASPAR
One of the areas which KASPAR was used in recent years is in robot assisted play, in the specific
application context of education and therapy of children with autism. The main impairments that
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