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GLOSSARY OF ACRONYMS 

ADL: activities of daily living 

AT: Assistive Technology 

CARS: Childhood Autism Rating Scale 

CF: Critical Factors 

COMP: Canadian Occupational Performance Measure 

CSBS–DP: Communication and Symbolic Behaviour Scales Developmental Profile 

FIM: Functional Independence Measure 

ISO: International Standards Organization  

ICF: International Classification of Functioning, Disability and Health 

ICF-CY: International Classification of Functioning, Disability and Health (version 
Children and Youth) 

ICIDH: International Classification of Impairments, Disabilities and Handicap 

IDEA: Individuals with Disabilities Education Act 

MATCH: Matching Assistive Technology and CHild system 

MPT: Matching Person and Technology  

OT FACT: The Occupational Therapy Functional Assessment Compilation Tool 

PIADS: Psychosocial Impact of Assistive Devices Scale 

RCPCH: Royal College of Paediatrics and Child Health 

SIB–R: Scales of Independent Behaviour Revised 

QUEST: Quebec User Evaluation of Satisfaction with Assistive Technology 

UD: Universal Design 

WHO: World Health Organization 
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INTRODUCTION 

a. Some definitions of play 

What is play? It is seriousness and frivolity. Reality and make-believe. Rules and freedom. 
Within these antinomies lies the human experience of play, which must cope with a 
frustrating dichotomy that is always resolved through action. 
Poetic expressions have been used to describe the condition in which a child plays: if Fink 
(1992, orig. ed. 1960) talks about dense reality, where life is highly concentrated and children 
appear to be totally absorbed by it, Huizinga (1979, orig. ed. 1938) talks about tension, of the 
desire to achieve, to be successful, and to interrupt that same tension. But these are 
conditions that are both powerful and knowledgeable: «Play demonstrates that two different 
attitudes co-exist: to be fully involved in what one is doing and to be aware of the fact that we 
are within a relative, delimited and conditioned dimension» (Staccioli, 2004). 
It’s difficult to find a definition accepted by various scholars, especially in different 
environments. A now old but fascinating definition is provided by Fink: «Play resembles an 
oasis of happiness that we happen upon in the desert of our Tantalus-like seeking and 
pursuit of happiness. We are abducted by play. By playing we are released a bit from the 
mechanism of life – as if we were transported to another celestial body, where life appears 
easier, more ethereal, happier» (Fink, 1986, orig. ed. 1957). 
Play is undoubtedly an instinctual need, of the child and of man. It is Vygotskij who cautions 
us on this subject: «To me it seems that refusing to consider the problem of play in terms of 
the satisfaction of a child’s needs, of the reasons that drive him or her to take action and of 
his or her affective expectations, would lead to a negative intellectualization of play» 
(Vygotskij, 1981, orig. ed. 1933). The driving force behind play, the transition from one stage 
to another, are determined by a necessity to satisfy needs and by the change in these same 
needs… 
Its substantial connection with instinctuality is demonstrated by the fact that it is not only a 
part of the human species, but also of others – and mammal and birds in particular – in which 
its nature of being without any serious and immediate purpose is confirmed (Pellegrini & 
Smith, 2005): it always seems to start from an internal trigger and desire, no one can be 
forced to play. 
Bruner, in his autobiography, focuses on the concept of play on a much broader 
philosophical level: «I found two implicit theories of the conscience; the first was a theory of 
affliction, the other a theory of enjoyment. The first was fine to tackle problems, to make 
difficult decisions: the second, from Huizinga, was the first that involved enjoyment» (Bruner, 
1984). With his Homo Ludens, Huizinga influenced all the literature in the sector, proposing 
the theory that play is culture. The underlying idea of his approach is original, and is not 
specifically linked to pedagogic, psychological or sociological interests: he asserts that our 
culture arises before, like play, i.e. that the relationship between play and culture is a 
fundamental relationship. «I’ve been absolutely convinced for some time that human 
civilisation arises and develops in play like play» (Huizinga, cit.); he also states that one of 
the primordial underlying factors of play is struggle, as can be identified in the social type of 
play, that ends with the defeat of other(s). 
According to Huizinga, freedom and seriousness are the distinctive features of play and 
hence, in this sense, acquire a universal value for all of humanity. These ideas can be 
supported by the fact that there are models of games that cross all cultures and are present 
in all peoples. Other authors agree with him in stating that there is a bond between a certain 
game and the culture that produced it, and even a tie between the way that game is handed 
down and the culture itself. This position however was authoritatively called into question by 
Eco, who asks why these processes of creation and transmission of culture cannot still be 
found today in everyday life (Eco, 1979). 
But play is also a dominion of the daily experience of adults: «We play when we are serious 
and authentic, we play in the real world, in work and in our daily struggle, we play with love 
and death. And we even play when we play» (Fink, 1986, orig. ed., 1957). The reasons for 
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this propensity, widespread among man and over time, were identified perhaps in the most 
convincing manner by Nietzsche: play has the power to make levity counter the weightiness 
of daily experience. By moving us away from the usual codes and rules, play creates a 
distance that is also relaxation and happiness, exhibiting an irradiating power toward a 
“celebration of our dailyness”, that one can also learn to reproduce voluntarily (Nietzsche, 
1965, orig. ed. 1882). 
Described over the centuries by pedagogists, psychologists, educators and doctors as an 
expression of the highest synergy between knowledge, relationality and emotion, the play 
activity would thus appear to be indispensable for man’s well-being, and an «existentially 
original right, that cannot be derived functionally from anything else except from the human 
interiority, and that has been sanctioned for some time in the many declarations concerning 
the rights of children. In fact, in this sense, to claim the right to play is equivalent to the claim 
that man does not need to react or conform to the interests of the world of consumerism but 
to be productive and act in a real manner and thus be congruent with that spirit of freedom 
which play continuously yearns for» (Bobbio, 2007).

1 
It is this specific content of the revolutionary and irreverent play act, that generates in who 
plays «a spontaneous need to be a protagonist and for self-transcendency, not very inclined 
to be conformed by practices and social conventions that are specified as unchangeable and 
unalterable» (ibidem). In fact, to play is to change, it is to transform oneself, and it is to 
acquire awareness of oneself and of oneself with others. 

b. Play and education: a brief historical overview  

According to Fénelon (1994, orig. ed. 1687) there are three major lines of thought from which 
to take a critical and comparative look at the types of games we would like to propose: 
games for education of the body, games for education of emotions, and games for education 
of the mind. These viewpoints, as briefly described below, will then be linked to the total 
education project of modern pedagogy. 

b.1. Education of the body  
Children and adults of all periods have played and have made toys. However, specific 
historical attention has been focused on children’s toys only during a more general 
consideration of childhood and, in this case, important educational values are attributed to 
play. The Egyptians made dolls from cloth or majolica, as well as wooden or stone toys while 
the Romans made sweets in the form of letters, and invented games involving imitation and 
comparison. 
Play was used by the Greeks and the Romans as a prize following educational activities, and 
the close link between school and play is also etymologically demonstrated by the two words 
skholé (fun, leisure time but also school for the Greeks) and ludus (fun but also school – 
ludus schola – for the Romans); an ambiguity that in many contemporary languages can be 
found in the use of the word play to indicate sports competitions, and the specific and very 
diverse activities of both children and adults. 
It’s perhaps interesting to recall that according to Plato, to be educational, play involving 
children had to: favour movement, be done in a group - in a place consecrated to the gods - 
mix males and females, and be supervised by nursemaids to moderate the liveliness. Play 
also must have a set of fixed rules, which make it possible to test and specify socialisation 
processes. This is a very modern attitude and within the experimentation of these mutual 
relationships among play participants lies the core and possibility of moral growth. 
Basically, however, in ancient times educational attention on play focused mainly on the 
development of gymnastic and sport skills and to prepare for war.  

                                                 
1 The right to play for each child on the Earth is recognised by the Universal Declaration of the Rights of Children 
launched by the United Nations in 1989; and is defended and supported by the International Play Association 
(IPA), www.ipaworld.org. 
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In more modern times, motor play has been studied mainly by Parlebas (1990) who 
emphasised its relationship with specific cultural models including rules (for example, the 
game of tag). It combines affectivity and the fantasies of the child and not only the motor 
coordination abilities, and is capable of reaching conscious and unconscious levels. 
A description of motor play may contain the following indicators: roles, space, times, way to 
determine points, way to use objects and relationships between players. There are 
interesting comparative studies, on the basis of previous criteria, between different types of 
games, for example between football and baseball, because of how they are structured from 
a motor viewpoint, the role that they identify, the type of relationships that they suggest and 
create, and not only because of their rules. In motor play Parlebas identifies the following 
recreational and motor behaviours: cognitive, social-relational, affective, expressive and 
decisional conduct. 

b.2. Moral and spiritual education 
In the Middle Ages, it was the Church instead that provided a strong orientation regarding the 
area of play, in particular for games involving adults – for example, chess pieces were 
considered demonic objects.

2
 The prevailing tension focused on controlling this activity, since 

it was a possible source of moral promiscuity; around the 1400s, distinguishing features were 
making headway within the general attitude of condemnation: there was a focus on ludus 
licitus, ludus tolerabilis, ludus indifferens, ludus ricreation, up to ludus laudabilis that consists 
of the holy representations of the life of saints. 
In any case, play was kept under control, so that it could carry out a clear moral type of 
function; if on one hand it was necessary to educate, on the other it was necessary to allow 
to vent itself because – as Fénelon asserts – children have their own innate «great heat». In 
the end, however, it must also be supervised because there are games toward which a 
certain distance must be maintained because they are dangerous for moral development. 
Locke’s educational project also tends to move toward moral education, putting particular 
attention on play, according to a plan that we could consider a precursor of modern 
pedagogy. Toys must not be purchased but made by the children themselves: «little stones, 
a pack of cards, a mother’s keys, and other similar items that they can’t hurt themselves with 
are fun for children just as much as those things that are bought such a dear price in stores 
and that go bad or break in a very short time» (Locke, 1918, orig. ed. 1693). He also 
recommends outdoor games since they strengthen the physique, and fun games, from which 
children however must slowly be «weaned»: study should be just as fun as play, and if a 
child wants to continue to play it’s a sign that he or she is not yet ready to study… the 
obvious advantage for children offered by playing is the efforts they make to do this activity, 
and the fact that they get involved voluntarily, without saving energy. 
For Fénelon (cit.) as well play is a basic opportunity to give a child a moral education: in fact, 
if play can be functional to the needs of education, making study more pleasurable («let’s 
hide study behind the appearance of freedom and pleasure»), then from games we must 
remove everything that can make children overly excited, or that permits the simultaneous 
presence of males and females: in other words, play can make you lose your head or can be 
a source of sinful thoughts. 
An authoritative member of modern psycho-pedagogical thought, Jean Piaget, in a similar 
manner, considered play to be the source of moral thought, because it leads to awareness of 
moral relationships in society: «Children’s games are remarkable social institutions [...] If we 
want to understand something about the morals of the children it’s obvious that we have to 
begin from an analysis of these facts» (Piaget, 1980, orig. ed. 1932). Piaget dedicated a part 
of his work to these very aspects: «The individual himself is unable to attain such awareness, 
the individual by himself remains egocentric. The solution lies in a comparison among 
children, in their playing and working together, in the negotiation of meanings and rules and 
in cooperation» (ibidem). 
                                                 
2 Pietro Aretino, in his text Le carte parlanti, in a reprint from 1640, was able to provide convincing arguments that 
cards were not the work of the devil but, on the contrary, were desired by the heavens since they could teach 
human virtues. 
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b.3. Education of the mind 
The great turning point in European history regarding education, and thus play’s role within it, 
is the 1700s, the era of Illuminism, in which a kind of pedagogy arose that put the focus on 
creating citizens and disseminating social values. The task of the citizen, of the cives, must 
not be only that of understanding and adapting to laws but must be possibly capable of 
developing new ones: it is the educational process must move toward the illuminist project of 
man. 
With the invention of the printing press, the first board games appeared and then the first 
family games that could be played around a table, such as the ancient goose-chase games. 
This is a game that includes extensive symbology, rules and possible relationships to be 
played. 
Then, the educational utility of play is linked much clearer at this point. Basedow (1914, orig. 
ed. 1768) was the first to knowingly link play with educational activity, for example inventing 
school competitions – and many linguistic ones – in which children could try to beat the other 
peers in the group and with which they could have a lot of fun. Fun – conceived in this case 
as a joke – was an integral part of the education project through play. The author is keen on 
repeating and describing how much children involved in this activity laugh and giggle. In the 
author’s opinion, games have two main characteristics: competition, considered as an 
indispensable means of triggering emotion and participation; and the use of symbolic and 
play-acting games with theatrical and narrative characteristics. 
Locke is also quite interested in the objective of developing the mind since he points out what 
pedagogical advantage can be gained from the efforts children make while playing: «I thus 
thought that if games were invented with a certain contrivance it would be possible to find 
many ways to teach kids to read in a way that would seem almost like playing to them» 
(Locke, cit.). 

b.4. Mind-body-person: the complete educational project 
However, it is only with Fröbel (1967, orig. ed. 1826) that play acquires its full educational 
value: it stimulates the imagination and allows the child to relate with himself/herself and with 
the world. To carry out these functions, play cannot be solitary, but with a group and must 
allow children to practice skills and roles that they can adopt and do as adults. As known 
Fröbel invented the mechanism of «gifts» to offer to children to favour their growth that is 
seen as total, of body and mind («the body and its parts must be made capable of obeying 
the spirit at any time»), growth that must take place at the same pace, following the same 
path. Thus, recreational education requires particular attention: movement and play must be 
developed together, and gradually at different ages: physical strength and moral and spiritual 
determination exist in a direct relationship that, through play, can be taught. 
Fröbel’s educational project is based on some fundamental features that are still quite 
interesting: a) play is a planned part of the school day, the adult must not act in an 
authoritative manner; b) the use of structured educational materials that carry out the explicit 
function of teachings; c) play must be correlated to the environment in which it is carried out 
and be open to contact with nature; d) the creative and cognitive aspects present in play 
must be safeguarded and nurtured at the same time; e) the link between play and life is 
explicit, the recreational behaviour can become a social behaviour. 

c. The IROMEC project 

As we will see in this document in greater detail, play is the essential means through which 
children develop: through play, they can learn, explore the social and physical environment 
and build fruitful social relationships. However, there are children that, due to cognitive, 
developmental or physical impairments, are prevented or inhibited from playing; the 
development problems of these children have been studied for many years in the scientific 
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literature, in the search for pedagogical, psychological and rehabilitative solutions and 
proposals. 
Technology is playing an increasingly important role within this framework. This is also the 
result of the rapid changes taking place in this sector, paving the way toward innovative and 
interesting scenarios to find possible solutions to the problems of these children; the topic 
has already been studied on a stable basis in the recent literature, and mainly with regards to 
Assistive Technology (Besio, 2002a; 2004; Brodin, 1999; Mina et al., 2005), and to robotics 
(Prazak et al., 2003; Moor, 1998; Robins et al., 2004a). 
The European project IROMEC (Interactive RObot MEdiators as Companions) investigates 
how robotic toys can become social mediators, encouraging children with disabilities to 
discover a range of play styles, from solitary to social and co-operative play. These toys also 
provide opportunities for learning and enjoyment involving other children, as well as 
caretakers/teachers or parents, who “join in” the game with the robot. 
The objective of the project is to develop interactive robotic systems that respond to the 
needs of children with severe disabilities, and motor, cognitive and relational impairments 
(autism) in particular, helping them to play independently and, as a consequence, also 
through play, to learn, to grow, to have fun and to emerge from social isolation. 
The activities to develop by the IROMEC robot engineering project and the methodology for 
its efficient use focus on the secondary users (parents, teachers, rehabilitation professionals, 
experts, researchers, ...) who are also actively involved in the experimentation phases in 
order to: 

• directly define the play scenarios; 
• specify the robot’s interaction skills and abilities; 
• develop the methods to evaluate the quality and efficiency of play with robotic 

systems; 
• develop a system that satisfies children’s needs and market requests, along with 

possible commercial distribution of the developed product. 

In IROMEC the following play contexts were considered after consulting with panels of 
secondary users involved in the first phase of the project:

3
 

• home or elsewhere: solitary play; 
• home: playing together with parents, brothers and sisters, other family members; 
• school: playing together with classmates with or without disabilities; teachers; 
• rehabilitation context: playing together with rehabilitation professionals and with other 

children with disabilities. 

d. Individuals and their life contexts: IROMEC and the ICF-CY 

The cultural background within which the IROMEC project was created and has developed is 
based on the process of integrating

4
 persons with disabilities – in this case children – in 

society as a whole: some functional limitations in restricting the participation of some children 
in play activities common for their peers, in fact also prevent them from fully participating in 
typical and age-adequate life contexts. 
Creating instruments that support the play activities of these children and identify efficient 
methods of introducing these tools in appropriate educational activities may be a useful and 
innovative basis for creating contexts that are included from early childhood. In addition, 
these instruments can be effectively introduced within individualised rehabilitation projects, 
acting as a driving force in their cognitive, relational and psychomotor development. In fact, it 
is within the rehabilitative activity that the children can be provided with the contexts, the 

                                                 
3 Reichrath/Gelderblom (IRV). IROMEC. Deliverable D1.1., Phase 1, Orientation. Internal document. 
4 The disabled person integration process is supported internationally by the main political and institutional 
bodies, in addition to research institutes and sector associations. Here, as the last act in the long path toward 
independence and integration, we cite the International Declaration of the Rights of Disabled Persons, issued by 
the United Nations on 13 December 2006 in New York and currently undergoing ratification by the various 
countries. 
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interpersonal relationships and the most suitable times to allow them to learn and stabilise an 
efficient use of technological tools, and to appreciate their advantages with regard to play. In 
this sense, the rehabilitative phase can be considered in some cases as preparatory to the 
educational one, and in other cases as a support for the exploration and training of new 
activity skills. 
The International Classification of Functioning, launched in 2001 by the World Health 
Organisation, defined human functioning as an indispensable relationship between the health 
conditions of a person and his or her ability to take action and participate. However, these 
conditions are described in their decisive interdependencies by personal and environmental 
factors that allow, favour or determine their expression and development (Fig. 1). 
The ICF assumes that disability is a natural and common experience of living, not 
necessarily depending on illness. Its language is value neutral and cause neutral; it also 
provides a taxonomy for coding all health-related experiences based on an interactive bio-
psycho-social framework. 
 

 

 
 

Fig. 1. ICF: Interactions between the components of ICF 
 
 
The publication of the ICF represented an important advance in the classification of disability, 
however, it did not adequately capture the functional characteristics specific to the 
developing child; it was especially poorly suited for children 0 to 5 years old. Manifestations 
and consequences of impairments in children are different in nature, intensity as compared 
to adults. As stressed by Simeonsson et al. (2003) for a child the model of interaction 
between a person and the environment must be reconsidered, taking into account the mutual 
influences and development factors. 
The main factor in this period of life is that the environments with which the developing 
individual comes in contact change radically in the transition from one phase to another (Fig. 
2). 
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Fig. 2: From Simeonsson et al., cit. 
 
 
Each of these environmental changes affects the child’s interaction possibilities and 
opportunities, both by acting as a stimulus and offering various types of responses 
(feedback) with regard to his or her behaviour. These interactions are the framework around 
which increasingly complex abilities in the child can be created. 
The development of ICF for children and youth (ICF-CY) was carried out by WHO as an 
adaptation of the ICF for universal use in health, education and social sectors for children 
and youth. The first release of the ICF-CY will be launched in October 2007.5 

e. Objectives and rationale of the study 

One of the first steps of the IROMEC project is the development of an exhaustive analysis of 
the Critical Factors involved in using interactive robots as play companions in education and 
therapy of children with disabilities. 
The document is intended to be a background study for further documents that have been 
planned as end results of IROMEC. The purpose of this document is to be an exhaustive and 
updated scientific and methodological source for the following end-users: teachers, 
educators, rehabilitation professionals, researchers in the field, as well as IROMEC 
researchers during the project experimental phase. 
This analysis focuses in detail on all the sensitive factors relative to developing, choosing 
and using robotic play for cases involving children with disabilities. Considering the subject 
matter, the factors to be analysed are extremely varied, since they involve numerous 
disciplines including medicine, rehabilitation, psychology, pedagogy, technology, robotics 
and many others. In addition, within these subjects, there is also a wide range of scientific 
fields, such as developmental and relational psychology, the pedagogy of play and special 
pedagogy, and methodological aspects regarding rehabilitation, design, the choice and use 
of technologies, and so on. 
Within this rather complex scenario, the term “Critical Factors” refers to any aspect that 
deserves careful consideration when setting up learning and therapy play sessions and/or 
programs assisted by robots involving children with disabilities.

6 
Success or failure in introducing robots in education and in therapy effectively can depend on 
several factors. There are human factors, related to the disabling impairment, to the end-
user’s situation (his/her age, disposition, cognitive styles, previous life experiences, etc.), and 
to the educators and the professionals involved; there are social factors – related to the 
environment, its limits and possibilities, the play context, family hopes and participation, 
market opportunities and needs – and cultural factors, referring to the psychological, 
pedagogical and rehabilitation approaches used. And there are – of course – technological 
and methodological factors, related to the choice and the use of the robots – for example, 
                                                 
5 See on the WHO site, at the address: www.who.int/classifications/network/conferenceICFCY/en/index.html.  
6 The methodology implemented is based on the European project EUSTAT, www.siva.it/research/eustat.  

DEVELOPING CHILD 
Health condition 
(physical/mental) 

PARTECIPATION 
(total – restricted) 

Activity 

ENVIROMENT 
Social, physical, 

psychological elements 

Source of stimuli Source of feedback 

Acts on – Reacts on 



8 Introduction 

personalization, training, modularity, safety – but also to the R&D phase, as well as to the 
market exploitation of the product. 
Clarifying all these processes is essential to understand how complex the issue considered 
really is and to implement effective and repeatable experiences in which children with 
disability play with robots. 
The objective of this study is to identify, classify and describe the body of knowledge 
regarding robotics and children with disabilities. In any case, since the implementation of any 
educational activity and/or rehabilitation project should be adapted to the single child 
involved, the Critical Factors analysed in the following chapters will also become the key to 
understanding how such a process can be personalised. 
The term “Critical Factors” refers to all those aspects influencing the implementation and 
accomplishment of educational and rehabilitation sessions in which children with disabilities 
play with robots. There may be Critical Factors that have a negative influence, others that 
yield a positive influence on the success of the initiative and on the child’s development; 
others may act positively or negatively when cross-related with other Critical Factors. The 
adjective “critical” is not used as a synonym of “positive” or “negative”; it just means 
deserving careful consideration. 

e.1. Methodology 
The first basis for the document was a discussion with the WP5 partners to determine the 
most important Critical Factors to be analysed, grouping them into five main clusters. 
Factors that merit consideration were then analysed in detail, and discussed in terms of their 
relationship and involvement in influencing and determining how children with disabilities 
play. This led to a classification of Critical Factors, which was also organized in a final 
checklist of Critical Factors, in which each cluster was detailed in a three-level structure: X 
cluster of CF, XX Class of CF, XXX Critical Factor. 
The aim of the checklist is to support the end-user (educator, rehabilitation professional, 
researcher, etc.) in considering all the Critical Factors involved when using a robot toy or 
developing a new one that children with disabilities can play with. By reviewing the classes 
and the described Critical Factors, the end-user should first decide whether or not such a 
factor is relevant in the specific case. If it is relevant, he/she should consider the attributes 
presented before making his/her choices. 
Nevertheless, if a checklist is only used according to a top-down flow chart, some information 
about the complexity of the correlations between factors may be lost in this way. For this 
reason, another instrument has also been created, i.e. a conceptual map that shows all the 
possible interrelations among Critical Factors and at least some singled out classes. The 
conceptual map allows the end-user to become aware of all the possible relationships 
involved that may affect each step in the decision flow. 

e.2. Contents 
The topic to be developed includes: special individuals – children with disabilities –, main 
players in the educational and rehabilitative processes (family members, professionals, 
educators,…), contexts (school, recreation centres, rehabilitation centres,…) and instruments 
with an enhanced technological content. Owing to its complexity, this area must be 
considered in greater detail and be carefully analysed by sector experts. 
Five main clusters, related to how children with disabilities play, mediated by robotic 
technology, have been singled out in this research document. With respect to decisions 
taken within the IROMEC Consortium, special attention has been devoted, all along the 
document, to the following types of impairment: autism, physical disabilities, mental 
retardation; children who happen to live in hospital for long time has been considered too. 
The first cluster involves, naturally, those aspects pertinent to play: functions, typologies, 
development stages, activity mediators. It is based on the most recent and consolidated 
literature in the relative disciplines. The next two – involving respectively the individual and 
his or her life context – were developed on the basis of the ICF-CY structure. Thus, they are 
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widely inspired by the classification items that were considered useful to develop the topic 
being discussed here, in compliance with the declaratory statements. The decision to use the 
ICF would appear to be quite a natural one considering the power, comprehensiveness and 
authoritativeness of such a tool: in fact this classification can be used to refer in a stable 
manner to individual and environmental factors with the certainty of the universality of 
languages and of reference concepts. For each Critical Factor or Class of Critical Factors, 
the ICF declaratory statement has been included in these two Clusters, so that topic 
discussion can be more detailed. To the purpose of being more adherent to the needs of 
children, the Internet version of ICF-CY has been used, (the final official version is to be 
released in the next months). 
In particular, by using ICF it is possible to place greater emphasis on the importance of 
developing technology and play activity tools that make it easier to achieve the inclusive 
objectives outlined by the main international organisms. 
The last two clusters – technology and methodology – were chosen because of their specific 
pertinence to the topic being discussed, in order to analyse them in greater detail, 
highlighting their specific features and aspects. 
The five clusters, and the relative classes, are described here below. 
 

1. Factors related to play. 
 These Factors include the main conceptual nodes correlated to the topic of infant play, 

as discussed mainly by pedagogy and psychology, which can describe, explain, 
facilitate and/or develop how a child plays. Hence, it can be observed and described 
from various viewpoints, which identify different parameters that are just as useful and 
interesting. In this study the following Critical Factors related to play have been 
identified: functions of play, types, development stages, contexts and mediators. 

2. Factors related to the individual. 
 Within the ICF-CY two areas, Body functions and Activity and Participation, were 

selected as significant for this study. As can be seen, the severity and the type of any 
functional limitations have a direct impact on the child’s capacity and performance. For 
this reason, specific attention was focused on analysing the functions that may be 
involved in play activities, such as motor, sensory, mental functions, etc. They are 
considered in relation to some of the most important activities in a child’s period of 
development: general tasks, mobility, communication, interpersonal relationships but, 
above all, learning, that in turns includes play, for which the ICF-CY includes a specific 
and detailed description based on the most recent data from the world of psychology 
and pedagogy. 

3. Factors related to the context. 
 The child who wishes to and intends on playing does so within an environment that has 

its own specific characteristics which may facilitate or obstruct that activity depending 
on the child’s needs and possibilities. 

 Thus, the context may represent a fruitful «development niche» for the child’s health 
and expressive potential (Harkness & Super, 1994). It consists of three factors: the first 
concerns the physical and social aspects in which the child lives. This refers not only to 
the natural and structural environment, but also to the social and cultural practices that 
may facilitate or complicate growth. The second factor involves the care and upbringing 
methods. The third factor concerns the psychology of the persons who care for the 
child, the values and the beliefs that define the upbringing methods.  

 Within the context of the Contextual Factors set out in the ICF-CY, the environmental 
factors and the changes introduced by man, social attitudes and the services present in 
society, among others, were considered as significant for this study. The technological 
products, which are obviously of fundamental importance for this study, were broken 
down and detailed in a specific cluster (number 4). 

 For what concerns the Personal Factors, for which the Classification does not provide a 
predefined list, leaving the choice up to the researcher, the following were identified as 
those that may affect a child’s participation in play activities: sex, age, nationality and 
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culture, cognitive styles and adaptability, previous experiences, social background, 
education styles. 

4. Factors related to technology and robotics. 
 Technology is undoubtedly one of the most Critical Factors directly correlated with the 

disability, as demonstrated by the studies and sector-specific research over at least the 
last thirty years. The development of technology, in the form of Assistive Technology, 
domotics, robotics, is being relied upon to create an autonomous and independent 
future for persons with disabilities.

7
 They are also recognised as an essential factor in 

developing the social inclusion process, as hoped for in the most authoritative 
international declarations. 

 Always described as the most efficient and reliable means by which disabled persons 
can carry out everyday activities and participate to the greatest extent possible in 
civilian life, technology is becoming, on a case-by-case basis, a tool that replaces 
functions, a support for carrying out deficit functions or a means for rehabilitative 
recovery. 

 Obviously, all this is true also for the case involving the child, even if Critical Factors 
must be correlated and described in relation to the specific needs of this development 
stage. 

5. Factors related to methodology. 
 Introducing robotic technology in play or rehabilitation activities designed for disabled 

children involves numerous and important methodological aspects that are related to 
and depend on the disciplines involved and on the contexts considered. This is the 
reason why, for example, for what concerns the experimentation phase of this activity, 
that methodological aspects relative to research are involved (qualitative or quantitative 
approach, data collection, quality of measurement, sample, design development, ...). 

 Design development has been considered in depth since it is one of the most 
significant activities in creating and developing robotic toys. 

 For what concerns then the educational activities, methodological aspects relative to 
the pedagogical school of thought are also involved; similarly, as far as rehabilitative 
activities are concerned, corresponding methodological criteria are utilised. With these, 
we must also considered another important Critical Factor, meaning the ethical issue, 
that controls and determines the structure of the professional and personal 
interpersonal relationships established in these activities. 

                                                 
7 Adolf Ratzka, the chief exponent of the Movement for Independent Life, is a fundamental and authoritative 
member of this line of research, as well as a supporter of its consequences in terms of its political and financial 
outcomes www.independentliving.org 
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1. FACTORS RELATED TO PLAY 

1.1. The functions of play today 

Play is a natural and cultural mediator that can effectively foster the factors comprising 
human personality, i.e. the cognitive, affective and social-relational elements, thus helping to 
support the mental and bodily development of persons who are constantly seeking properly 
balanced psychophysical wellness. 
Today, there are basically three functions attributed to infantile play, in relation to a child’s 
development: the first concerns play as a driving force behind cognitive development, the 
second its roles within the social development context, and the third its ability to create a 
window onto internal emotions and psychological wellness. 

1.1.1. Play as a driving force for cognitive development 
Play activities experienced and tried by children and young people, based on their own 
initiative or on demand, and in various educational contexts (in the family, at school or during 
extracurricular activities), represent a privileged means for learning (Montessori, 1953; 
Mazzetti, 1962; Garvey, 1990). In addition to being an environment for developing creativity, 
play improves the learning process and in fact is often synonymous for learning since it 
activates motor, emotional, intellectual, relational and social levels. Such play makes it 
possible to learn and to perfect capabilities, such as imagination, discrimination between 
reality and make-believe, comparison, spontaneous communication, imitation and role 
playing. 
More systematically and significantly than other authors, Piaget (1945) highlighted the 
relationships between play and a child’s cognitive development. Humans learn what the real 
world consists of and how it functions through experience, i.e. in an active manner, acting on 
it, provoking changes, making predictions about what the consequences of their actions will 
be and observing if those predictions are correct. He believed that organisms (especially 
human beings), should not be seen as systems that respond to stimuli with direct reactions, 
as is the case involving a “subject” in a psychology testing laboratory or a student in a 
classroom, but as systems that stimulate reality with their actions and observe how reality 
reacts to their actions. 
Starting from these assumptions, the author can emphasise in particular how play favours 
and supports symbolic mental activity and that it carries out two basic functions: on one 
hand, it consolidates the abilities and capabilities the subject already possesses and, on the 
other, strengthens the idea that he or she can act effectively on reality. In fact, in the world of 
imagination, there are no failures nor is one bound to the properties of objects or real 
situations. 
For Piaget, the fundamental role of play is to act as one of the centres that make childhood 
cognitive development possible: play is the counterpart of the process of adaptation with the 
outside world, i.e. the assimilation of the outside world transformed according to the wishes 
of the child. Its direct link with the evolution of the symbol attributes to play, in some of its 
aspects, additional functions: symbolic play, for example, even becomes catharsis for the 
child: «In the presence of painful or disturbing situations… he seeks to relive them, 
transposing them symbolically». 
Bruner, instead, supported by Jolly and by Sylva (1976) focuses attention on play in relation 
to learning processes, highlighting how the various play activities proposed to children and 
young people have a decisive effect on the capabilities to activate: a) strategies to seek 
solutions to problems, for the case involving well-structured tasks aimed at achieving 
predefined objectives; b) heuristic procedures, to become oriented in not very well defined 
situations created for a precise purpose. 
Laeng, finally (1984), returning to a Piaget type conceptualisation, focuses on play’s role as a 
mediator in the transition from the egocentrism stage, typical of early childhood, to the 
decentralisation stage, an essential prerequisite to activate all forms of socialised and 
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socialising learning. It’s no coincidence that play, supported by imagination and fantasy, 
becomes a formidable tool based on anticipation, prediction and hypothesis. 

1.1.2. Play as the product and driving force of social development 
It was the Russian psychologist Vygotskij who, before and more than others (1981, orig. ed. 
1933), highlighted the role and social nature of childhood play and, at the same time, its role 
in fostering a child’s social development. Since play is both a social product and producer, it 
provides the child with the opportunity of subordinating his or her behaviour to rules, when 
reminded by peers or by the teacher, and only later develops voluntary behavioural self-
control as an internal function (interiorisation of rules). 
Once these processes are interiorised, they become part of the child’s independent 
development outcome. The process of interiorisation is stimulated by the opportunity to 
reflect about what they are doing, to compare themselves with others, to clarify their 
positions and defend them against the objectives of others, and to explain in a way that 
others understand what they want to say. Vygotskij (1962, orig. ed. 1934) re-evaluates play 
as a complex phenomenon that includes elements such as socialization, history, culture and 
general human education, logic-linguistic comparison and a detachment from reality. 
Along with its eminently social nature, Vygotskij also notes other important aspects of play: in 
fact, it provides the means of reducing excess tension and fatigue, but also of developing 
learning and cognitive skills. For example, in his opinion, children learn quickly to solve 
problems imposed by the use of materials that they already played with in the past. 
Recreational activity implies functions such as actualisation of dreams and wishes, 
preparation, compliance with a specific system of rules, non-recognition and adaptation to 
reality, hence fun but also standards, projects and training. 
During play it is also possible to become aware of and understand the basic forms of learning 
and a child’s level of growth and maturity. A child, while he/she plays, demonstrates his/her 
inner world better than what he/she could do verbally. At the same time, he/she highlights, 
through the play activity, his/her need to communicate and to socialise with adults. 
«The relationship between play and development can be compared to the instruction-
development relationship, but play provides a much more extensive base of transformations 
with regard to needs and conscience. Play is a source of development and creates the Zone 
of Proximal Development» (ibidem). And since the Zone of Proximal Development is 
conceived by the author as the real core of his learning theory and of a child’s development 
process, we could say that play has, in this case, the greatest responsibility for an 
individual’s growth: it takes place within a social context, echoing its effects on the person in 
a total sense. 
Even Goldman and Ross (1978), in observing small children, noted different levels of social 
interaction in play: forms of imitation in six-month-olds, and complementary games with direct 
actions toward others and afterwards mutual behavioural sequences in ten-month-olds. 
According to the authors, these are social play interactions in that they contain aspects of 
activity, alternating turns, non-literalness and repetition. 
However, a child’s age is a decisive factor in determining behaviours involving real 
cooperative reciprocity and not just imitation. Brownell et al. (2006), in a study involving 88 
children aged 18 to 30 months, established that, with regard to cooperative tasks, the actions 
of one-year-old children appear to be coordinated with those of only one peer by 
coincidence, while the actions of children around 2 years of age appear to be created 
specifically to reach a common goal. The authors also verified a significant correlation 
between the individual ability of children to produce coordinated actions and the ability to 
adopt shared attention behaviours with an adult. Finally, the ability to cooperate and to 
become real communicative and play partners increase during the third year of life as the 
child acquires greater social awareness. 
Research data would seem to lead to the conclusion that the development of social skills in 
the adult-child pair can be transferred first to play contexts and those involving child-child 
interactions, and then can be consolidated and to contexts with broader interaction. 
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1.1.3. Play and emotional development: diagnostic function, therapeutic function 
According to Sigmund Freud (1977, orig. ed. 1920), many games, including perceptive-motor 
ones, must be interpreted in relation to unconscious symbolism. The various fears or 
anxieties present in a child’s emotional life can be processed through a play mentality, and 
this involves a progressive attenuation of possible symptoms of anxious states that over time 
may be transformed into pathologies. Even the aggressiveness that is always present in an 
infant’s emotional life can be similarly elaborated in play activity, just like each desire or 
impulse that might not have an outlet in the reality experienced by the child. 
Again according to him, play also has a function that can be linked to the phenomenon of 
coaction to repeat. With this expression the founder of psychoanalysis identifies all those 
unconscious tendencies that, by compelling the individual to repeat schematic behaviours or 
ways of thinking constituting conflictive experiences in a coactive manner, force the individual 
«to repeat an eliminated action as a current experience, instead of remembering it as 
something from the past» (ibidem). The repetitive behaviour, besides acquiring a particular 
importance in neuroses and within the analytical context, has basically a cathartic function in 
early childhood play activities; in fact, it becomes a tool to overcome painful and traumatic 
experiences. 
The repetitive behaviour in play is considered: a) as a renewed experience, in order to re-
establish a sense of reality in the child; b) as a symbolic procedure, so that frustrating 
relationships are controlled by the child through introjected images; c) as a necessary 
dynamism in order to establish a positive relationship between the child and the environment 
that surrounds him/her. 
Dynamic psychology, after Freud, investigated with increasingly greater incisiveness and 
clarity the profound values of play in relation to the complete development of the human 
personality: play as a liberating and cathartic event, as a form of exorcism from still 
unresolved atavistic and complex fears, or as a form of sublimation of unconscious and 
repressed energies. 
Bruno Bettelheim stresses the importance of play on a child’s healthy psycho-physical 
development: «Children with few opportunities to play tend to have serious deficiencies in 
intellectual development or it may even be stopped, because in play and through play the 
child exercises thought processes, and without such practice thought becomes flat and 
atrophies» (1987). Even language development is stimulated if the adult, playing with the 
child, talks to him/her frequently and at length. 
Through games involving the imagination children express their thoughts and their feelings. 
Child psychoanalysts have developed Freud’s intuitions and “play therapy” has become the 
main tool to help children resolve their emotional problems. Play is undoubtedly “the main 
path” to reach a child’s inner world, as well as both the conscious and unconscious world. 
For contemporary social psychologists play also includes a phenomenon capable of 
developing society in its entirety in the sense of socialisation. In particular, according to 
Winnicott (1971), who studied precocious learning in the child, the subject who in 
development age received effective parental care from his/her mother can gradually become 
emancipated from feeling like an entity that is not distinct from the mother, entering into a 
phase of interaction and elaboration of symbols rooted in his/her experience of the world. 
Within this context, he includes play among the transitional phenomena, like other expressive 
and creative activities, through which the subject in development age experiences the 
transition from dependence to independence, learning to remain alone and maintaining a 
certain trust in a positive reality that protects him/her. The child, for example, can obtain a 
feeling of immediate safety, comparable in a certain sense to the safety felt in future affective 
interpersonal relationships, from transitional objects, toys or things (blankets, scarves, etc.). 
Play is situated in a psychic border space between the self and the non-self and allows the 
child to play on the border, thus to construct the self and to recognise reality. 
The work by Klein (1969, orig. ed., 1932) emphasises the significant analogy between the 
representation processes of play and those of the dream and she even ends up theorising 
that play is the realisation of an unconscious dream. Melanie Klein states: «play is a dream, 
to play has meaning and the sense of play is on the same level as and includes the same 
chaos as the sense of a dream». 
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1.1.4. Play-related aspects to neuropsychological development 
Some neuropsychological aspects are involved in play activities. First of all, to become 
engaged in playing with toys or other objects, young children must be able to pay attention to 
play materials. If motivated, they learn to explore and manipulate the objects on which they 
focus their attention. As they grow up, the children «represent their experiences mentally and 
begin to use meta-cognitive processes to create play themes and scenarios. Focused 
attention, motivation, and representational capacities are thus important, sometimes 
overlapping, cognitive prerequisites for object play» (Vig, 2007). Children with disabilities 
often show deficits in these processes. 
According to Ruff and Lawson (1990, 1991), the infant’s focused attention can be recognized 
when he/she looks at an object while manipulating it in a deliberate manner. Vig (2007) 
reports that «the infant may turn the object around to obtain different visual perspectives, 
finger the surfaces and details of the object, or actively move the object around in his or her 
mouth as if interested in the information gained about it. The infant with focused attention 
may shake, drop, throw, or bang the object in a slow, deliberate manner». While doing these 
activities, the children look serious and interested; if they are no longer interested in the 
object, they look passive, make repetitive gestures, or throw the object away. 
The same researchers also found that premature children have shorter focused attention 
than infants with typical development and that there is a significant positive correlation 
between focused attention at 9 months and IQ at 3 and 4 years. 
Children get involved with play activities if they are motivated; motivation involves self-
generated curiosity and desire for mastery. «Mastery motivation can be inferred from many 
kinds of play activities: physical manipulation of toys, solving problems presented by cause-
and-effect toys, deciding how to represent experiences by combining toys, and building block 
structures» (ibidem). 
A third important cognitive construct involved in play development is the representation 
ability; while children acquire meta-cognitive abilities concerning relationships between 
things, they become able to organize play on the basis of their mental representations. 
According to Westby (1991), as they grow up, children engage in decontextualized 
“decentered” play and object substitution, and they rely especially on their own internal ideas. 
They are also able to organize their play scenarios hierarchically, while the focus of their 
attention shifts from themselves toward others: «several higher-order symbolic capacities 
have been described: pretending that one object is another, attributing characteristics that an 
object does not possess, and imagining that an absent object is present» (Vig, 2007). 

1.2. Types of play 

Numerous types of play have been identified in the history of human thought, depending on 
the selected interpretative approach. 
An initial distinction, shared over time, that refers to the primitive functions of play in the 
history of man, is that between motor and gymnastic types of games and make-believe and 
symbolic types, the former characterised by tension toward exploration or achieving physical 
satisfaction as well as a sense of competition, and the latter by creative pleasure and a 
sense of community. Some authors (Hutt, 1966; Bruner et al., 1976) assert, for example, that 
repetitive sensorimotor and practical play – training – might activate automatism feedback, 
while make-believe or imagination play might develop symbolic skills, to reorganise 
information and make it more flexible. When children play, as noted by some authors, a 
certain degree of make-believe is always present, as demonstrated by the use of values, 
metaphors and symbols that also correspond to a specific cultural moment. 
A widely used distinction among types of play is the one between game and play. Eco 
proposes a distinction that is similar to the one between speech and language: game is 
abstract play, the playing game, involving a complex and complete play competence; it is the 
«combinatory matrix of possible moves». Play instead indicates the infinite realisations of the 
game: it would be the played game, which includes all the individual performances of a 
specific game, i.e. each real execution of the rules (Eco, 1979). 
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Another widely used distinction is between structured and unstructured play (that might also 
be defined as play with rules and play without rules). The two different types might be 
identified in a consequential manner in the development of the individual, but also as co-
existing in the older child. However, if play is also something a child uses to satisfy his/her 
unsatisfied needs, to give himself/herself incentives toward activities and actions, it is created 
always within an imaginative framework based on rules. Vygotskij is the main supporter of 
this hypothesis: «To me it seems that it could be possible to propose the non-existence of 
play without rules» (1966). 
In its simplest form, structured play makes it possible to describe even the elementary 
activities of the child who acts in a functional and efficient manner on objects or creates 
his/her own rules of behaviour that may constitute the very essence of the game. There are 
also numerous examples of linguistic games of this type. However, usually a game with rules 
is often considered in relation to group games or, in any case, those that imply the 
involvement of more than one person: the rules must be explicit and shared, and there are 
specific penalties for violators, found within the same rules of the game. 
Popular games are one of the most widely studied categories of play. Ranging from the 
linguistic game (counting and nursery rhymes) and the use of toys and specially prepared 
tools, to the game with shared rules that is highly localised (in one country, but sometimes in 
a small region), this type contains numerous elements of interest for historical-ethnographic 
studies as well, also making it possible to highlight the ideas relative to children and adults, 
relationships within society, pleasure and fun, that may constitute a substantial part of an 
individual’s socio-environmental context. 
Then there are very well-known types of play, such as: playing with objects, a definition that 
refers mainly to the activity of the youngest child, construction, symbolic play and imitative 
play. The attention of psychologists and pedagogists has been focused on each type from 
time to time and they are considered particularly significant to identify the development 
milestones or to facilitate acquisition of a child’s particular abilities. Bettelheim (1987), for 
example, focused specific interest on some construction and combinatory games, such as 
Meccano, constructions and puzzles through which children experience the pleasure of 
putting a “productive thought” into action. Puzzles, in particular, are an excellent tool for 
learning to persevere, arranging pieces apparently without any mutual relationship in the 
right order, and to trust one’s capabilities: «In addition to getting used to perseverance, 
patience and commitment, with these games the child acquires and refines thinking and 
manipulating skills, paving the way toward more complex forms of learning» (ibidem). 
Games that are played during a certain historical period always have a correlation with the 
period’s framework of values and symbols. If in previous eras competitive, commercial, 
struggle-based games were widely played, today some games with an explicitly educational 
message are rather widely diffused: 

a) the aim of “new games”, or games based on cooperation, with an ideological 
foundation, is to teach the risk of competition between individuals and peoples; some 
were built ad hoc, while others were taken from tradition; 

b) simulation games were designed in the Seventies so that players could put themselves 
in the position of a population, or a country, etc. to solve specific problems. Derived 
from war games, they involve role playing and compliance with specific rules; 

c) role games based on which players, while standing around a table, can put unusual 
and adventurous situations on centre stage. 

The most fascinating of all the various classifications of play, which is based on ethological, 
philosophical and pedagogical observations, is the one proposed by Caillois (1967), who 
creates a new classification of games with reference to four basic modalities. The names of 
the types of games that he proposed were specially selected in different languages to 
immediately provide the person involved with the international and all-encompassing nature 
of the activity and of the game skills; they are not of one people and do not belong to just one 
culture. They are: 

1. Agon: games of competition, such as football or chess. The equality of the probabilities 
of success is created so that players compete against each other under ideal 
conditions so as to attribute a precise value to the victory of the winner. 
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2. Alea: these games arose in the search for chance, to be a pleasant condition of 
uncertainty, such as roulette, lottery or craps. Destiny, or chance, becomes the only 
creators of victory. 

3. Mimicry: the need for simulacra, to hide behind something, to pretend, like playing 
pirates, playing with dolls, playing doctor, and acting in the case of adults. It represents 
the games in which simulation and illusion prevail; the games of disguise and 
imagination, in which the person wants to believe or make others believe that he or she 
is someone else. 

4. Ilinix, dizziness; the desire to lose consciousness, to perceive a sense of vertigo, a 
temporary loss of consciousness and control. All children love turning around and 
around until they fall down on the ground and can’t stand up any more; the swing is the 
weakest version of this subject.  

The work by Caillois is also significant because of the possible combinations that he 
proposes between the four different play modalities, creating completely new scenarios with 
regard to the conceptualisation of human play activities. In fact, the four categories are 
positioned along another axis that ranges from paidia, indeterminedness, to ludus, meaning 
dictated by rules. We could also say: from play without any type of rules to the defined, 
control game of rules with limits and constraints. 
In this way, the classification includes children’s games and the toys or tools that support and 
provide them with suggestions. For example, for the case involving alea, this ranges from 
nursery and counting rhymes to lotteries and gambling; for the case involving mimicry, from 
the pure play involving imitation by the newborn to playing with dolls, and theatrical 
disguise.... 

1.3. Development stages of play 

The development of play was thoroughly studied and is still considered a useful indicator of a 
child’s development, and to such a degree that it is also used as a diagnostic tool in some 
cases to identify dyscrasia or growth-related problems. 

1.3.1. Stages of play according to Piaget 
In the first few months of life, the child uses objects without any specific purpose, whether 
they are toys or not, adopting an undifferentiated approach to materials uncorrelated to their 
characteristics (symbolic or use): for example, the child puts a rattler in the mouth, repeatedly 
hits a model car, spins a brush… Starting from the fourth/fifth month of life, and using 
sensorimotor capacities, the subject provides responses aimed at investigating, examining 
and exploring the specific characteristics of the object (touches the surfaces, manipulates the 
various parts, etc.). 
This ability is the prerequisite that allows the child to recognise the specific function of the 
objects being played with. This occurs on various levels: a) sensorimotor: rolls a ball, builds a 
tower with blocks, etc.; b) direct representation: plays by pretending to eat with a spoon, to 
brush hair, etc.; c) indirect representation: combs a doll, gives a stuffed animal a bath, etc. 
The next step leads to the symbolic use of objects: from an initial representative and 
imaginative combination of the objects used to play with (pretending to give a candy to a 
doll…), the subject then goes on to play with materials, knowingly transcending the meaning 
(for example, when a child puts a box on top of his/her head as if it were a hat). Going 
through these steps is an important key to unlocking the world of relationships: based on 
these acquired capacities the child and, afterwards, the young boy/girl, have the opportunity 
to play games to share with peers and with adults, such as role games and games with rules. 
Through symbolic play, the child learns how to use the power of representing imaginary 
situations, while practicing verbal language at the same time, which is established 
sometimes as an independent creative activity linked to the narration and the pleasure of 
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narrating and telling fairy-tales, something that Piaget defines also with the technical term 
fabulation. 
The discovery of fabulation is coherent with the attribution of metaphoric meanings to the 
objects utilised in light of the play activity, since it occurs in the presence of a similar 
symbolic-representative type of elaboration. The difference is that in symbolic play with 
objects the child can also act by himself/herself, individually, while in some way the attention 
to fabulation has greater social and community meaning. 
Piaget is the first and most important author to have analysed and provided a developmental 
description of how a child plays through successive stages: his proposal (1945) includes the 
following three stages. 

a) The practice play stage – 0-2 years – that, in its entirety, corresponds to the cognitive 
development of sensorimotor intelligence. He defined “practice-play” behaviours as 
“sensorimotor” and believed that they represented an increasingly better way of 
learning and perfecting gestures, movements, motor schemes and other types of 
knowledge relative to the world. One of the most significant forms of this type of play is 
imitation, an activity that, through listening, visual and tactile experimentation of 
sounds, words or expressions of facial mimicry, can be used to learn to recognise and 
to express emotions. 

b) The symbolic play stage – 2-6 years – that begins in the preoperational intelligence 
phase (formation of the concept and attitude to transform reality into symbols). It can 
be  used to distinguish the inner from the outer world, and what is fantasy from what is 
real and perceived. Through play, in fact, children test emotions and feelings, practicing 
to deal with reality safely and skilfully. Through the attempt to overcome the limits of 
reality he/she acquires knowledge of his/her existence and its rules. 

c) The play with rules stage, more than 6 years old. This phase corresponds to the 
cognitive acquisition of concrete and formal operations. The human being has 
assimilated reversible thought and, therefore, can perceive various aspects of reality 
and, at the same time, understands that a problem can have different solutions. 

From the Piagetian viewpoint, play evolves through stages that flow and converge into each 
other and to a certain degree anticipate each other until reaching the point in which some are 
abandoned to make room for others. 
Smilansky (1968) modified the Piagetian idea to a certain extent by introducing and clarifying 
the concept of constructive play. His classification, in which play grows in an evolutionary 
direction and parallel to the child’s development, is divided into four stages: functional play, 
constructive play, symbolic play and games with rules. In this case, functional play resembles 
and mirrors Piaget’s sensorimotor period, and consists of simple movements or actions of 
the body with objects, while constructive play involves doing something with these objects, 
such as building a tower with blocks. Symbolic play also develops starting from the make-
believe activity and the actual acting out of made up scenarios to the game with rules.   
According to Smilansky, all those actions that the child mastered during the previous 
functional play stage are actualised, made effective and finalised in the constructive play 
stage. Instead, Piaget believed that constructive play was not really pertinent to the play 
environment because it contained a purpose instead of adaptation. 

1.3.2. Some alternative proposals 
Parten (1932) recorded the changing nature of young children’s play from age two to age 
five. Her categories of children’s social play have been frequently used since then. Her 
theory was based on the following developmental stages: 

a) Solitary play. It is the lowest level of social play. The child plays alone and 
independently even if surrounded by other children. It is mentioned as typical of how 
two-year-olds play. 

b) Parallel play. The child plays independently at the same activity, at the same time, and 
in the same place. The child is aware of the presence of peers but each child plays 
separately. 
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c) Associative play. It is described as common among three- and especially four-year-
olds’ play. The child is still focused on a separate activity but there is a considerable 
amount of sharing, lending, taking turns, and attending to the activities of one’s peers. 

d) Cooperative play. It is described as a high level of play that represents the child’s social 
and cognitive maturity. Children can organize their play and/or activity cooperatively 
with a common goal and are able differentiate and assign roles.  

Parten’s stages are envisaged as a linear and consequential progression but many other 
authors do not concur: for example, there are solitary games typical of the mature age or 
played by adolescents; but, this is also strongly countered by the Vygotskijan school of 
thought, that asserts that play, like other types of learning, occurs first socially and then as 
personal appropriation. In addition, Parten’s developmental framework has led researchers, 
educators, and parents to see solitary play by an older child as evidence of social immaturity. 
Yet, if we consider contemporary industrialized social culture, we realize there are various 
forms of child’s play that are purely designed for solitary play. Are we still considering the 
seven- or eight-year- old child who plays computer games alone every day as socially 
immature? 
On the other hand, if the child is from a nuclear family, particularly with a strong Euro-
American cultural background emphasizing individualism, self-reliance, individual problem-
solving, self-help, and autonomy, then interaction tends to be more object-oriented than 
multigenerational/multi-age people-oriented. Children have numerous opportunities to 
manipulate objects – functional and fully finished commercial toys for example – and to 
discover properties and relationships. In Euro-American cultural contexts, the child may have 
a great deal of experience exploring objects and the relations between self and objects. 
Mentally visualizing play with toys and other objects and observing physical relations and the 
consequences may be phenomena that the child is cognitively facing. Thus, realizing and 
using one’s autonomy may occur before the child is able to interact with peers or others of 
various ages. Parten’s theory may be a culturally congruent framework to use in the study of 
child’s play in Euro-American cultural contexts. 
Subsequently, Rubin et al. (1976, 1983) proposed a classification consisting of seven stages, 
which once again includes the Piaget-based classification, but explains the central symbolic 
stage in greater detail. They are: sensorimotor play, simulation (of actions by the child), 
simulation with objects (with dolls or other toys), simulation with substitution (in which the 
objects become other than what they are), socio-dramatic (where they act out roles in life 
scenes), role-playing (in which the child takes the next step of assigning roles to others and 
planning scenes) and finally games with rules. 
In addition, Rubin, Maioni, Hornung, 1976, examined the social and cognitive play 
hierarchies and investigated the forms of cognitive play behaviours children engage in during 
solitary, parallel, associative, and cooperative play. 
Children from 18 months to 6 years of age are involved in symbolic play. Through 
imagination and imitation, they represent objects, persons, situations that are made up but 
that do have something to do with their experience. 
The purpose of acting out one’s inner world is to maintain mental balance. Objects are used 
not only according to their specific function but also to the symbolism related to them. 
Because the child attributes a symbolic function to such objects it must be assumed that 
he/she has the ability to analyse the content of a memory related to them. 
It is only through associative play that the child begins to relate with his/her peers and to 
exchange toys. In this play stage, the child is still unable to initiate social activities. Therefore, 
during associative play, play activities are not coordinated. For every child, in this phase, play 
still has a personal purpose. 
The transition from individual symbol play activities to social ones takes place around five 
years of age. Through social play a child takes on a social role and different responsibility. In 
this stage, each person feels like part of a group and tends to exclude external subjects. 
Social play is an important conquest for the human being. It makes it possible to acquire an 
important social value with respect to the individual and egocentric one. This value is 
attributed to the modelling function in the process of interiorizing values and social norms. 
The child, having overcome the egocentric phase, is led to play with others and in a group. 
Therefore, through this type of play, he/she is subjected to all those rules that will help to 
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create in him/her a sense of responsibility, honesty and above, sociality. Play does not only 
have a socialisation function, but also a high educational value. To this regard it not only 
performs the task of adequately developing language and rebalancing the child’s affective 
and relational world, but also of eliminating or attenuating anxieties and fears, and of 
facilitating the release of accumulated aggressiveness and the learning process. 
Children older than 6 years of age usually play games with rules. These games require the 
ability to socialise, i.e. a certain degree of adaptation to reality and tolerance for frustration (in 
fact, in these games, one must accept defeat and not treat the adversary with ferocity when 
they win). Rules can be traditional (those handed down) or the result of temporary 
agreements: complying with them is of fundamental importance for the success of these 
games.  
Games involving teams, such as hide-and-seek, capture-the-flag, etc., allow children to 
relate with each other and to make friends. In modern society, that tends to organise the 
various moments throughout the day and to sacrifice everything in the name of competition 
to obtain the maximum from kids, it is necessary to recognise the value of play and to 
provide it with the required spaces, along with those dedicated to education. 
Hobbies represent another type of play activity that may be present from the age of 6 years. 
These activities are carried out for the pure pleasure of doing them but tend toward the 
conscious achievement of a goal. These activities can pursue this goal even throughout a 
lifetime if the gratifications they provide increase over time (e.g. chess or stamp collecting). 
Hence, hobbies can be classified as somewhere between play and work. 
Around 7-8 years of age the child acquires the ability to take others’ points of view, to put 
himself/herself in some way in the other person’s shoes, to play games with rules that must 
be respected and in which he/she plays the role of someone else. 
In early adolescence, playing with rules includes the ability to rather easily imagine 
hypothetical situations, such as the various phases of a board game or the moves during a 
game of chess, in order to deduce the consequences of the countermoves at the disposal of 
the adversary. 
The most recent classification of play comes from Santrock (2006). Whereas Parten’s 
categories emphasize the role of play in the child’s social world, his contemporary 
perspective on play emphasizes both the cognitive and social aspects of play. The names of 
the stages are once more based on Piaget’s structure, but their construct is different in a 
certain way and more complex. 

a) Sensorimotor play is behaviour engaged in by infants to derive pleasure from 
exercising their existing sensorimotor schemas. Infants initially engage in exploratory 
and playful visual and motor transactions in the second quarter of the first year of life. 
By 9 months of age, infants begin to choose novel objects for exploration and play, 
especially objects that are responsive, such as toys that make noise or bounce. By 12 
months of age, infants enjoy making things work and exploring cause and effect. At this 
point in development, children like toys that perform when they act on them. 

b) Pretence/Symbolic play. Between 9 and 30 months of age, children increase their use 
of objects in symbolic play. They learn to transform objects, substituting them for other 
objects and acting toward them as if they were these other objects. Dramatic play or 
“make-believe” often appears at about 18 months of age and reaches a peak at about 
four or five years of age, then gradually declines. In the second year, infants begin to 
understand the social meaning of objects. For example, two-year-olds may distinguish 
between exploratory play that is interesting but not humorous, and “playful” play which 
has incongruous and humorous dimensions. 

c) Social play is play that involves social interactions with peers. 
d) Constructive play combines sensorimotor/practice repetitive play with symbolic 

representation of ideas. Constructive play occurs when children engage in self-
regulated creation or construction of a product or a problem solution. 

1.3.3. Development of play with objects 
Object play refers to play with toys or other objects, rather than social or interactive play with 
peers. A number of investigators have documented the sequential development of object 



20 1. Factors related to Play 

play in young children; a stage-based development was also demonstrated in non-European 
populations, such as in Kenya and Mexico (Sigman and Sena, 1993). 
Although terminology and estimated ages of skill acquisition may differ, there is consistency 
across studies documenting the progression from physical manipulation to pretend play, from 
self- to other-directed play, and from context-bound to decontextualized play. Belsky & Most 
(1981) observed 40 young children with typical development, aged 7 to 21 months, and 
hypothesized 12 specific stages of object play: mouthing, simple manipulation, functional 
manipulation, relational, functional-relational, enactive naming, pretend self, pretend other, 
substitution, sequence pretend, sequence pretend substitution, and double substitution. 
The progression is similar for children with and without disabilities (Lowe, 1975; Casby, 
1992). Gowen et al. (1992) assessed children’s cognitive ability and play skills at regular 
intervals up to 27 months for 40 children with and without disabilities, matched for 
developmental age. Play levels correlated with developmental ages for both groups, and 
followed a similar progression: pretend self, pretend other, object substitution, planning.  
McCune (1993, 1995) described a progression emphasizing somewhat different 
characteristics: using a conventional object out of context or applying a previous scheme to a 
new object (9-15 months), relating objects to self with exaggerated actions suggesting an 
understanding of pretence (12-18 months), directing play actions toward dolls (15-20 
months), and sequencing play actions (15-24 months). Hierarchical play (object substitution, 
searching for absent objects needed for play, animation of dolls’ limbs) was reported to 
emerge at 15 to 24 months for many children with typical development. 
With reference to specific types of objects, Hanline et al. (2001) concluded that the 
complexity of children’s block constructions increases with chronological age, for children 
with and without disabilities – and that the time spent in block construction has a positive 
effect on construction complexity. The stages were described by Sluss (2002) as follows: no 
integration; use of one block to join or span another block; integration (simple enclosures, 
bridges on the same plane); arches or bridges on two nonparallel planes. Although there 
were no gender differences for play levels, boys made more complex structures. Girls tended 
to converse before beginning to build their structures, while boys initiated solitary block play 
and involved play partners later. 
Comparisons based on developmental or mental age, rather than chronological age, indicate 
that children with disabilities tend to follow the same sequence of play stages as children with 
typical development. Increases in cognitive developmental ages correlate moderately with 
increased proportions of pretend play (Malone 1997). 

1.3.4. Diagnosis of play capabilities 
Almost all sector researchers believe that, by observing children as they play, early childhood 
professionals can gain valuable insight about their general development. In fact, it might be 
possible to state that each of the stage-based play classification proposals can also be 
considered from a diagnostic point of view: in some cases, by linking chronological age with 
play age and in others by evaluating the play capabilities and inferring deductions regarding 
mental abilities.  
Observing play may be particularly useful for cases involving children who have 
developmental disabilities: «because children with disabilities may show play patterns unique 
to particular developmental problems, observing their play enhances the process of 
identifying their developmental status» (Vig, 2007). 
Making diagnoses in this sense also requires the complete ability to manage methodological 
skills in observing infant play, which include – as already seen – either the total lack of 
intervention by the adult in the play situation or his/her involvement for the purpose of 
achieving specific objectives or verifying predefined hypotheses. It’s important, for example, 
to be able to differentiate play facilitated by an adult from play that is initiated and organized 
by the child. Adult prompting, assistance, or interactive involvement may artificially inflate the 
play stage demonstrated by the child, and lead to erroneous inferences about the child’s own 
competence. Adult scaffolding is therefore more useful for intervention than for assessment. 
Theoretical and empirical explorations of young children’s object play provide information 
that can be useful in numerous application contexts. «In clinical and educational settings, 
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play observation may be used to screen for developmental problems, supplement formal 
testing, gain developmental information about children who are “untestable” using 
standardized instruments, identify or differentiate developmental disabilities and other 
problems, plan intervention consistent with children’s developmental competence, and 
monitor children’s progress or response to intervention. Knowing about the cognitive 
prerequisites for object play, stages of play development, and characteristics of play in 
children with disabilities, increases observation accuracy» (Vig, cit.). 
To have a reference theory about child play development is indispensable for diagnostic 
purposes, since play observations must be linked exactly to these stages. To this regard 
some evaluation scales have emerged that may be useful: the “Symbolic Play Test” (Lowe 
and Costello 1988); “Westby Play Scales” (1991, 2000); “Block Play/Block Construction 
Scale” (Phelps and Hanline 1999); “Transdisciplinary Play-Based Assessment” (Linder 1993; 
Linder et al. 1999), typically used for arena assessments, can be conducted by individuals or 
teams, with formats ranging from informal observation of a child playing to more formal 
presentation of specific toys accompanied by specific adult requests.8 
One of the time-tested work tools recognised for its authoritativeness and its use in the 
clinical field is the Uzgiris & Hunt test (1975), which focuses on the development of a child up 
to three years of age. The test, with a rigorously Piagetian base, provides a clear 
methodology framework, including precise instructions, for analysing a child’s development 
stages, in relation to the relationship with objects. Precisely described and detailed, the 
actions of the child to be assessed also include the actions that typically outline and 
determine a play situation. 

1.4. Play contexts 

«Cultural experience is located in the potential space between the individual and the 
environment… The same can be said for play. Cultural experience begins with living in a 
creative manner, which is what first arises in play. For each individual the use of this space is 
determined by the life experiences that take place in the first stages of the individual’s 
existence…» (Winnicott, 1971). 
Play requires a serene, stimulating and socialising environment, a safe situation, without 
feeling on the alert or anxious, that is as significant as it is full of opportunities to explore and 
create. 
Play needs times and comfort for concentration. Children must be given the chance to 
manage games in their own way and shouldn’t be hurried. The child, like the adult, to play 
needs space, that is conceptualised in two ways, both like a playroom and a mental space, 
freedom of action: an environment where they can move not only with the body but also with 
the mind; where they can experiment with things and with ideas. 
There are contexts and situations in which it is impossible to play for external reasons – a 
dramatic example refers to Jewish children in concentration camps – and others for internal 
reasons – such as for children who have grown under conditions of emotional deprivation, 
but also those with particular neuropsychological problems. On the contrary, it is possible to 
construct contexts that facilitate and support the development of play experiences. This has 
been studied in particular by psychology, in order to take full advantage of the value of play 
in activating a child’s attention and motivation and, in a less specific manner, by 
rehabilitation, to get the child actively involved in therapeutic activities. 
Thus, the context is very important to define the limits and possibilities of the play situation, 
and even to allow or facilitate its realisation. Context marks can be used to interpret 
behaviours, eliminating the ambiguity from the communicative intent. This was defined with 
particular clarity in ethology, where it was pointed out that only some context marks can be 
used to interpret the behaviours of some animals as pertinent to playful intentions or instead 
to aggressive and attack actions. 
So, for example, if the animal’s intention is to play, its movements will be repetitive and in 
some cases amplified or slowed down; the aggressive act – biting, attacking – is interrupted 
                                                 
8 See also Cluster of Factors no. 5 (Factors related to Methodology, Factor 5.5.4.). 
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or carried out less intensely, or in a more uncoordinated manner, etc. There’s no doubt that 
playing, in these cases, is useful: for example, to become familiar with the area, to simulate 
potentially dangerous situations, to learn from mistakes but without too much risk, to learn 
skills relative to fighting and catching prey, to improve problem-solving, and to develop 
muscles as well as the nervous system. But, it’s also evident that it helps to maintain a basic 
sense of well-being and good physical condition, considering that animals that have not 
played for some time seem to lose the ability to activate the typical responses that they also 
had prior to such deprivation (Pellegrini & Smith, 2005). 
Acknowledging play in certain species implies defining in some way the play activity. Animals 
spend more energy and put themselves in a position of greater risk when they play than in 
other life situations. 
In his theory, Bateson (1956) focuses on the role of context in play. The essence of play is in 
its being meta-language: given that games are something that “is not what they seem to be”, 
and for a play activity to be just that, each player must be able to state: “This is a game”, i.e. 
there must be awareness that the action is fictitious and this illusion must be “meta-
communicated”. Therefore, for Bateson, meta-communication is used to reveal the “as if” 
nature of the game, and its creation of an unreal world in which fictitious actions simulate real 
ones. 
It is this framework that Bateson puts on centre stage. This meta-communication is also valid 
for establishing solid, healthy play activities with the child. To say to the child: “Let’s play 
now”, where the play background (the context) is the school, or a health environment – a 
child undergoing rehabilitation or in the hospital – is an operation that requires some caution 
because it contains a trick, a mystification. So, it would be more suitable to say, for example: 
“I am your therapist, you, child, are getting together with me because you need these 
exercises. However, let’s try to do these things in a pleasant and fun way, as if we were 
playing”. 
Also according to Bateson play is similar to a dream and thus has direct relationships with 
the unconscious. This must not be forgotten when working with children. However, what 
Bateson emphasises is that since we often play well-known games, that have important 
common roots in the tradition of a people (or, as Huizinga mentioned, cultural games that 
create and identify a culture), we also dream a collective dream together with children, and 
not just our dream or his/hers. Therefore, we play with something that is inside us, it comes 
earlier, from farther away, and speaks languages that to a certain extent are unknown... 
Many play contexts may have to be taken into consideration. The game can be played 
outdoors – playground, beach or just on the street – or in closed environments – at home, at 
the home of friends, in a game room. It can also occur in special places where it also 
acquires other characteristics, like all contexts to carry out sports activities in a more or less 
competitive manner. 

1.4.1. Play in the educational context 
Where does the relationship between infant play activity and learning begin? Is it possible to 
have fun while learning? Can teaching be made fun? And what is the difference between 
play in other contexts and play in educational contexts? According to Visalberghi (1958), the 
play activity has the following characteristics: a) it is demanding, it requires a complete 
commitment by the player; b) it is continuative, it develops continuously in a child’s life; c) it is 
progressive, since it can become gradually and increasingly complex; no play activity is 
exclusively repetitive and equal to itself; d) it envisages an end of the activity, not requiring a 
continuation once the game has ended. 
Many activities carried out in school or that include learning objectives, even though they are 
not totally play activities, can, however, have amusing and fun characteristics. For these 
activities Visalberghi proposes the expression “play-like”. They have the same first three 
characteristics as the play activities but not the fourth one since they do not end in 
themselves but have a purpose, that of learning. Thus, these are activities intentionally 
created to give a fun and pleasant form to certain types of learning actions that are 
considered complex or boring because of their repetitive nature. 
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A characteristic element of a well-performed play activity is a situation that offers an 
enriching experience that is to be repeated and shared. The pleasure lies in wanting to do it 
again. This is also a play-like key: playing well can also be learning well. It’s wrong to 
propose play activities to kids without being convinced of the richness of the game and 
playing, without being certain that it won’t waste time, without having to adapt each initiative 
to an evaluation of results. 
Play-like activities and educational games are an integral part of the educational life and 
process already starting from nursery school. Useful signals indicating that one is in a 
context of “controlled playfulness” or “goal-oriented playfulness” are given by: well-structured 
relational rapports, presence of expressed rules, and a stable guide provided by 
adults/educators who, in fact, are familiar with and declare the end of the activity, and thus 
define its times and procedures. 
In these cases, the adult/educator can also act as a mediator between the relationships of 
children, to modulate the complexity of the game so that it will match the varying level of 
capacities of each person, of guiding the movement of the activity if necessary by referring to 
the defined rules, etc. 
However, to be truly effective, according to Scurati (2000), even the play-like game must be 
understood «as an authentically autotelic event (or as a phenomenon that has in itself its 
own scope) and as a mere hetero-formative device, understood as a kind of sophisticated 
adultistic camouflage, a trick device». In fact, in this case, the intentionality of giving cultural 
contents would be so open as to impede the real involvement of the learner, preventing 
him/her from getting into the play atmosphere.

9
 

Finally, the scholastic context can take advantage of the instructional-educational values 
shared with play: in fact, it has the ability to positively interfere with the child’s growth factors 
identified as always as pedagogic objectives: 

• cognitive development: a) increases the mental reprocessing of reality (abstraction, 
imagination, fantasy); b) favours the exploration of the world of possibilities and 
hypotheses; c) develops creative and inventive skills and decentralisation capacities 
through symbolic play; d) requires the adoption and experimentation of planning and 
problem-solving strategies; 

• emotive-affective development; permits and develops: a) the expression and control 
of emotions; b) a realistic awareness of self; c) personal independence; 

• socio-relational skills; favours: a) respect for the rules; b) ability to cooperate; c) ability 
to mediate and negotiate; 

• socio-cognitive development (Ashman, Conway, 1989; Bandura, 2001); influences 
structuring and consolidation of a) motivation; b) self-efficiency; c) self-esteem; d) 
prosociality; e) agentivity. 

1.4.2. Play in rehabilitation 
The rehabilitative context is, naturally, an integral and significant part of a disabled child’s life. 
Furthermore, what occurs in rehabilitation – whether it involves motor, psychomotor, 
linguistic or cognitive aspects – has something to do with learning. 
Firstly, again in this case, we find ourselves dealing with a situation similar to the one 
described for the educational/scholastic context: there are situations in which the exercise or 
the rehabilitative activity is proposed to the child in a play-oriented and a possibly fun 
context. 
The proposed rehabilitative activity, because of its precise purpose (in this case therapeutic) 
has a play-like nature, i.e. it does not end in itself, but pursues defined objectives. As 
described in the previous paragraph, if the exercise aspect becomes too important, or if the 
deception is too obvious or not very convincing, this may lead to a loss of a clear playful 
context mark, and may cause the child not to be totally involved in the activity. On the other 

                                                 
9 In this sense, there has been a failure of the various “sapientino” games, tools that through the seduction of the 
numerous stimuli produced by the machine induce a notion-based and mnemonic type of learning in the child, 
without adequate support of sense and a connection with the real world and daily experience. 
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hand, if the play aspect is too overwhelming, the therapeutic objective may be lost or less 
intense. 
Hence, also in this case, to ensure that the child continues to participate and cooperate, the 
therapist must carefully and safely control his role, creating and maintaining an extremely 
complex relationship capable of managing both the level of the rehabilitative activity and the 
level of the play “deception”. 
In this case, play becomes a complex tool for proposing a rehabilitative experience that, in 
some cases, may become a real alternative to the rehabilitative treatment methods. 
In applying physiotherapy to the child with infantile cerebral palsy, this involves a kind of 
Copernican revolution in the rehabilitative field: in fact, many of the treatment methods used 
today justify a simplifying interpretation of movement, which has ended up as the elimination 
of each variable that cannot be easily quantified (Ferrari & Cioni, 2005). The motor action is 
broken down into reflexes, motor units, muscle bundles or, in the best hypothesis, muscle 
groups. And any relationship with the elements that make human movement an adaptive and 
complex behaviour, and thus susceptible to choices and corrections in light of a goal, was 
interrupted. 
Such decisive importance of the child’s active participation for the learning process poses the 
problem of the child’s involvement in the therapeutic action, i.e. of the characteristics that the 
context must have not only to return useful feedback, but also to ensure that the child is 
stimulated to enter and become a leading figure and not the user of a service. And this 
obviously is obtained by re-establishing meaning in the activity: for the child, the best way to 
do this can only be play. 
According to Vayer (1992), if the activity «is always the expression of an intention […], the 
exercise will be useful only if the subject personally gets involved in the action, in the 
relationship; this implies that it has a meaning. Can it be imposed? One’s desire can always 
be imposed on another, but we shouldn’t be surprised if he/she reacts and develops defence 
systems. These reduce desire, therefore involvement in the activity and, as a consequence, 
the benefits that could be obtained». 
Then, there is a second method that brings play and rehabilitation together: for many 
disabled children play is not a spontaneous activity, nor does it appear naturally and with the 
immediacy of a basic instinct. For others, the limitation is not a mental one, but is caused by 
a body that does not respond properly to the orders imparted by thought and desire. 
There are children who are afraid to touch objects, other who can’t see or feel them, and still 
others who are unable to reach them or use them. There are children who are afraid to put 
themselves in a relationship with another person – adult or peer – and others who move from 
one relationship to another without showing any sign of being able to differentiate them on a 
stable basis... 
The functional limitation, therefore, can determine the way that these children adopt to grow 
and interact with the world. An evaluation of the limits highlights the needs and deficiencies 
with which the environment and the context must respond to enhance the participation of 
these children. But it also makes it possible to emphasise the strengths, which educators and 
rehabilitators must focus on to obtain the desired changes, with an eye on development. 

1.5. Play mediators 

Over time, educators have adopted different attitudes with regard to infant play (Staccioli, 
2004), identifying various methods and intensity of involvement: 

• indulgence, according to which play is a way of letting off steam, of relaxing, an 
activity whose main purpose is to allow the child to release his/her energy; 

• appropriation: in some cases the school has totally appropriated the competency of 
play and has attributed educational purposes to it – this is the case involving play-like 
activities; 

• area of observation: some educators consider play by children the ideal situation to 
observe their natural behaviour and development stages; in some educational 
proposals the adult enters the play situation, interacting with the child(children), but 
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remaining in the aseptic position of the researcher, to provoke situations useful for 
study objectives; 

• a common growth context: in this case, on the basis of a solid and knowledgeable 
trust in the pedagogic and growth value of play, the educator becomes directly 
involved in the game, because he/she is considered part of this relationship, a 
relationship that builds the game. 

It’s obvious that the latter appears to be the most productive situation and the one promising 
change, that among other things makes it possible to put into action those that Staccioli 
defines as “good games”, i.e. that are capable not only of adapting young people to their 
culture and society, but also of contributing to creating a better future. These games make 
“conflicts of sensitivity” possible, i.e. immersions in relational, affective, cognitive modalities 
that alternate, and perhaps modify, ways of being (play-oriented but also something more) 
and of thinking that often appear to children, and sometime also to adults, as being socially 
defined (if not definitive) and clear (if not unchangeable). Certain games can reactivate 
thoughts and feelings, repositioning and relativising their being in the world. 
A common growth context can be built also with a careful choice of the more appropriate 
pedagogical mediators. Choosing toys, proposing the right play activity to the child, building a 
fruitful and intense relationship with him or her while playing: these are some of the needed 
steps of a successful play program. 

1.5.1. Toys and toy classifications 
Often, to translate their imagination into something real children need objects and this has 
been the case for time immemorial. It’s not by coincidence that carts and tops, bone or clay 
whistles, cages, boats and dolls have been found since antiquity and in the most diverse 
places: Aztec, Greek, Etruscan, Roman, Celtic, Egyptian, Chinese… However, the child not 
only uses them as toys, but also as common objects that, although they don’t have such a 
function, are used by the child for that purpose. 
We can define toys as those materials that inspire, solicit, stimulate and support play (for 
which, however, they are not strictly necessary).

10
 

We can talk about formal play material – meaning made by the adult so that it can become a 
toy – and informal types, i.e. material that the child uses to play, such as water, sand or 
various objects, not to mention the child’s body, that of the mother, and the household pet, as 
occurs particularly in early childhood. It is unnecessary to mention that the child uses both 
formal and informal material either separately or together to create “his/her reality”, the world 
of the “as if…” of which he/she is the undisputed director…Therefore, the quality of the toy is 
given by the quality of the relationship established between him/her and “the object”. 
Some toys (dolls, stuffed bears, soft and warm objects), according to most scholars, are 
irreplaceable: they represent, for boys and girls, symbolically the figure of the parent and, 
during moments of frustration, friends with which to converse. 
Among the informal toys, a very important role is played by the natural elements, like sand, 
water and leaves, since they foster creative and unusual play experiences. The value of 
these toys is also the result of the poverty of the materials with which they are made: it is 
their simplicity that create the most space for the imagination, unlike many toys that only 
focus on the role of spectator. 
In addition, many objects from everyday life can become toys, since what makes it possible 
to define the nature of a toy is merely the use that the subject makes of it (Serafini, 1990). 
Usually, children prefer play material that allows them to build, create, invent and imagine. 
The toy utilised in a repetitive framework rapidly loses its appeal and is abandoned. Toys that 
reproduce real tools – a plastic hammer or scissors, small pots – are replaced, if possible, by 
the same objects, which are much more interesting and satisfying. 

                                                 
10 In this document toys have been also considered in relation to Factor 3.1.1.2. Products and technology used to 
play. Robotic play has been considered in detail in Cluster of Factors no. 4, Factors related to Technology and 
Robotics. 
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If it’s true that a toy solicits the development and agglomeration of a child’s creative, linguistic 
and affective components, the other values that the toy can put into effect should not be 
underestimated: among others, they include psychomotor, perceptive and cognitive 
capacities. 
For this purpose many toys have been divided by age segments – such as construction 
pieces based on their size and insertion complexity. 
Today the toy manufacturers use to classify their own products in many original and non-
scientific categories, so that they can raise the consumers’ interest. In France, in 1959, a 
Commission for Educational Toys was established to study and classify toys in order to 
provide recommendations for manufacturers, parents and educators. The factors on which to 
differentiate toys based on age were found to be: the material, the shape, the dimensions, 
the colours and the presentation. The objective was to trace the qualities of toys that would 
foster the development of general and segment-based motor activities, of construction and 
imaginary creation, and of affective and social relationships. 
According to these parameters Lézine (1971) presents a classification of toys for children 
from newborns to thirty months of age: 

• up to 4 months – when the child is above all supine and involved in just a few 
complex activities, even though he/she likes to explore himself/herself and the world 
and is interested in sounds and colours – the most suitable toys will be rattlers with 
bright colours, objects that make sounds or that are easy to manipulate and are 
placed on the bed; 

• 5 to 9 months – considering that the child moves more overall and more efficiently for 
what concerns segmental motor activity – the most suitable toys are those that favour 
movements and those to throw and touch and that can be placed on a high-chair; 

• 12 to 30 months – the activities of the child increase to the point that toys must be 
reclassified taking educational objectives into account: 

• for global motor activities balls, toys to drag, pins to knock down, pillows to jump on, 
tricycles, bicycles; 

• for segmental motor activities rings to slip on, constructions, blocks, boxes to fill and 
empty, snap-in pieces; 

• other games for musical education, drawing, for knowledge of nature and techniques, 
impersonation, construction and linguistic games. 

Garvey (1990) indicates the most suitable games for children aged 9 to 36 months based on 
the progressive changes in the relationship with objects and the realisation of increasingly 
complex combinations: 

• at 9 months the child grabs nearby and evident objects and puts them in the mouth, 
then shakes them or bangs them on the table, touches them with a finger, throws 
them and then puts them back in the mouth; in any case, there are only a few action 
patterns; 

• at 12 months, the child is ready to investigate: to touch, turn, inspect; 
• at 15 months the objects are used more and more according to their conventional 

use; 
• at 21 months this use method is surpassed, and at 24 months the objects are used in 

an openly symbolic manner; 
• between 30 and 36 months the actions on objects become increasingly complex and 

creative. 

After 2 years of age the most evident developments are: 
• the capacity to pair the object and the action – the child no longer puts the object in 

the mouth but only the spoon that has this function; 
• the ability to combine objects that stay together functionally – like a cup and a spoon; 
• the ability to combine action patterns even on symbolic objects – such as feeding or 

combing a doll – up to attributing to these symbolically instilled objects the ability to 
take action – “the doll is eating”; 

• inventing non-existent objects to complete the action pattern – such as stirring an 
imaginary cup of coffee with a toy spoon; 
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• transforming objects to use them in the action – like stirring an imaginary cup of 
coffee with a stirring stick that takes the place of the spoon. 

For Reilly (1974) the progression of games passes through three hierarchical stages: 
• an exploratory behaviour, that is observed usually in early childhood or when an 

event is new or very different; the motivation consists of functional pleasure as a 
result of which the child tests reality, seeking signs about its function and attempting 
to assign meaning to what surrounds him/her; 

• a competence behaviour, according to which the child is motivated by the desire to 
discover more functional behaviours to achieve an objective: he/she learns what 
effects he/she can have on the environment and the environment on him/her, thanks 
to thane analysis of various forms of feedback. 

• an acquisition behaviour, which incorporates the two previous stages. 

In this classification the changes in play behaviour are not considered so much in relation to 
the age of the child, as to the organisational stages that he/she goes through during his/her 
development. The object is not only an integral part of the game and a concrete base for the 
action but also has critical importance with regard to its symbolic meaning: it “stands for” all 
the experience that it mediates, as well as the ability that is achieved in using it, and evokes 
gratification. From among all the contextual elements, the object-toy is what helps memory 
the most because it encompasses the experience in itself. 
The Spanish Toy Technological Institute (AIJU – Instituto Tecnológico del Juguete) has 
developed a Guide to games and toys,

11 based on the ESAR system,
12

 proposed by Garon 
et al. (2002). It is also a guide for classifying toys, that can be catalogued in one of these 
stages, depending on the type of game that they mainly support. 
For example, we can assign: 

• to Exercise play, the toys of newborns and infants – such as mats, carillons, merry-
go-rounds, rattles – but also of older children, that exert more complex motor 
movements - such as tricycles, pedal-driven cars, etc.; 

• to Symbolic play, dolls, people, environments; 
• to Assembly play, the construction kits with various types of pieces (blocks, beads, 

sticks) up to electric train tracks and the construction of models for older children; 
• to Rule play, board games, from the simplest to the most complex, up to computers. 

The AIJU Institute then demonstrated how this base of analysis can be implemented to 
identify criteria to assess the characteristics of a toy in order to investigate how accessible 
and useable it is by children with different types of disabilities (in particular, motor, visual 
sensorial, hearing sensorial). In this way, the decision regarding what type of toy should be 
chosen for a child with a certain type of disability can be made on the basis of two variables: 
first, according to the ESAR classification, that satisfies the needs of the play phase in which 
the child is operating (and perhaps also his/her preferences and identified play contexts) and 
second, on the basis of the degree of accessibility and usability of specific toy(s). 

1.5.2. Relationships with education and rehabilitation professionals 
According to Garvey (1990), the characteristic elements on which to base an educational 
game relationship are: cooperation, support, and dense communication. The author is also a 
convinced supporter of the mainly social aspect of the play activity, which is characterised in 
this way from the very first few months of life. 
However, it is from the studies by Bruner (1992) that we can find useful suggestions for 
building a fruitful educational relationship in the environment and through play. The 
«pedagogic interaction» can be used to construct a fruitful and lively play situation in which 
the child is the main character, offering suggestions, but also releasing those areas that are 
susceptible to change. And the adult is a play partner who can offer exactly those 

                                                 
11 Guìa del Juguete, 16th edition,2006-2007, www.guiadeljuguete.com/. In this document the AIJU work has been 
also considered in relation to Factor 3.1.1.2. Products and technology used to play. 
12 It is the acronym of the French words: Exercise, Symbole, Assemblage, Régle. 
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enrichments that make it possible to active the “Zone of Proximal Development” described by 
Vygotskij. 
This type of support begins with a seduction that leads the child to understand better the 
proposal by the adult and to remain involved and fascinated: «the needs of the pedagogic 
relationship are generated by the interaction» (ibidem). 
For Bruner, the pedagogic interaction carries out some specific purposes: 

• to grab the attention and the interest of the child with regard to the requests of the 
task (participation); 

• to simplify the task through a reduction of the degrees of freedom and the elimination 
of some actions requested to carry it out; 

• to maintain orientation, keeping the child’s interest high through the proper 
gratifications, but without giving him/her a reason to stop because of the results 
achieved, but continuing instead to constitute a stimulus; 

• to prevent the child from feeling frustrated. The decisive characteristics of the task 
must always be provided and the executive model to imitate should always be 
demonstrated but in such a way that the child does not lose interest. According to 
Bruner, «the relationship with the problem should be less dangerous or difficult to 
support with an instructor than without » (ibidem). 

These same objectives can be considered valid to define the relationship established 
between the adult and the disabled child within a rehabilitative context that makes use of 
play. 
The primary indication of starting from the needs of the child, first and foremost, makes it 
possible to identify the rehabilitative project and the single rehabilitation session with the 
child. Obviously, by identifying scenarios, along with objects and rules, it becomes possible 
to create a unique and unrepeatable scene, since it is based on a careful analysis of the 
child’s capabilities and his/her limits, as well as his/her preferences and attitudes. 
To avoid imposing his/her desires on the child, the rehabilitator must construct the 
therapeutic situation in a way that it is significant and thus motivating for that child. Forcing 
the child into rigid, predetermined and repetitive activities is the least effective way of 
creating a desire in him/her. And bombarding him/her with stimuli is the most different thing 
that should be done to make him/her capable of understanding the requests and to choose 
the strategies that are most suitable for him/her to carry out the task.  
The game must be started, maintained or changed, in accordance with the child and his/her 
specific way of dealing with the problems that the environment – including adults – imposes 
on him/her, without imposing the adult’s desires or preferences. The play situation cannot be 
based only on knowledge of the functional limitations generically linked to the damage and to 
the pathology, but must be highly individualised, based on extensive knowledge of that 
particular child, his/her preferences, and his chief way of relating with the object, his/her skills 
and frustrations. This is the only way to obtain that agreement indispensable to establish a 
play relationship between the adult and the child, i.e. one that we could say solicits the 
interest and attention of both. 
However, the situation is analysed and the play activity chosen within the relationship 
established between the child and the rehabilitator: in fact, it is such an interaction that – 
more than any other contextual element – transforms each action into something extremely 
individual. An exercise may be reproduced as is during different sessions or with different 
children, but the relationship within which the exercise and the environments are proposed is 
not susceptible to repetition. 
A different type of interaction is established for each child. The roles that are carried out, 
each time, by the child and the rehabilitator depend on this interaction and on the type of 
game created. 
The selected play activity shall also involve objects that have a role not only with respect to 
the exercise but also with respect to the child-subject. These objects must stimulate 
imagination and curiosity, and induce the child to spontaneously seek a relationship, even 
though guided by rehabilitator: they must be so “good” to create a need in the child and to 
make him/her aware of the need in order to satisfy it. The objects selected must comply with 
the previously listed criteria, and thus be pleasing to the child. The preferred game, the toy or 
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the object that is also present in the games at home will help the child not only to get 
involved with what is proposed by the rehabilitator, but to link it with others that are similar 
and to remember it. In fact, the object constantly renews the memory of that activity and thus 
with it the ability to be transferred to the child. 
Another intrinsic element of the game that is also a part of the context is the place where all 
this is proposed. For this reason it becomes part of the process that occurs within such a 
space. The presentation of games and toys, and the choice of the activity take place in a 
specific space that cannot be left to chance: the toys’ location in this space must also be 
chosen. And this choice must match the others in meeting the purpose of the therapy and the 
child’s individuality. 
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2. FACTORS RELATED TO THE INDIVIDUAL ACCORDING TO ICF-CY 
The domain contained in ICF is described from the perspective of the body, the 
individual and society in two basic lists: (1) Body Functions and Structures; and 
(2) Activities and Participation. 
The components of Functioning and Disability in Part 1 of ICF can be expressed 
in two ways. On one hand, they can be used to indicate problems (e.g. 
impairment, activity limitation or participation restriction summarised under the 
umbrella term disability); on the other they can indicate non-problematic (i.e. 
neutral) aspects of health and health-related states (summarised under the 
umbrella term functioning). 
ICF takes into account the social aspects of disability and does not see disability 
only as 'medical' or 'biological' dysfunction. By including Contextual Factors, in 
which environmental factors are listed, ICF can be used to record the impact of 
the environment on the person's functioning 

Within this cluster, specific reference is made, as already mentioned, to the ICF-CY 
classification in which the factors relative to the individual are divided into three categories: 
body functions, body structures and activities and participation. 
For what concerns body structures, they are excluded from the context of this first analysis 
since, for the context being analysed, the description of what, according to the old 
terminology, can be called disability, is less important than the description of the difficulties in 
performing a function, the subsequent limitation in carrying out an activity or the reduced 
participation in social life. 
Some of the components in the other two categories acquire fundamental importance instead 
as Critical Factors in the description of a child who would like to participate in the play activity 
with a robot since their limitation may represent a problem in carrying out the activity or their 
improvement may be the objective of that same activity. 
Therefore, the protocols and the objectives of the intervention are established based on 
knowledge of the child to be involved. In fact: «The way in which this general model of 
aspecific non-pharmacological therapy is implemented in each single intervention critically 
depends on the therapeutic objectives and protocols which are defined by the therapist after 
an in-depth evaluation of the patient’s conditions» (Marti et al, 2006). 
Therefore, knowledge and description of the “functioning” and, above all, the “malfunctioning” 
of the child must be the starting point of the planning phase of any activity to be carried out, 
whether it is educational, rehabilitative, play-like or actual play. There are numerous 
bibliographic references with respect to this type of approach in activities or interventions 
involving information or robot technology.  
For example, the now consolidated counselling methodology regarding the type of aid to 
choose starts from what is called the “taking responsibility” phase, which always includes the 
acquisition of some individual data ranging from diagnosis, and educational and motivational 
aspects, to the prevailing interests (Andrich, 1996). 
In her project designed to allow children with severe motor disabilities to be involved in play 
activities, Besio (2001) talks about the multidimensional evaluation (clinical and cognitive) of 
the child, as the step prior to planning the play activity, to establish not only the best tool 
(computer access interface) but also the type of software to use, its configuration, the activity 
in which in should be inserted and, above all, the goals to be achieved.  
In a similar manner, the Canadian studies regarding the use of Roball recognise that each 
child established his/her own interaction with the toy, and therefore with the robot, as 
determined by his/her interests, personality and personal impairments, etc. (Michaud & 
Caron, 2006). 
Recent studies on the use of robots with particular pathologies, such as autism, have also 
shown the importance of evaluating the child and acquiring knowledge about him/her in order 
to plan the activity and to carefully adjust the behaviour of the toy robot based on the type of 
interaction that the child can support and on the possible refusal, closure or escape reactions 
that the child may have (Rizzo et al., 2003; Robins & Dautenhahn, 2006). 
In-depth knowledge of the child from various points of view prior to any intervention also 
makes it possible to evaluate the effects of that intervention (outcome) in a more precise and 
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exhaustive manner, taking into consideration not only the more evident aspects, such as 
motor or intellectual factors, but also social and motivational ones. 
An example of this individual multiple viewpoint evaluation is also evident in the work on 
senile dementia carried out in Siena in which the subjects undergoing experiments in hi-tech 
multi-sensorial environments are first subjected to intellectual, cognitive and behavioural 
evaluations. 
Starting from these assumptions, the description of the child as an individual from various 
aspects helps to define some Critical Factors of fundamental importance.  
To confirm what is outlined through some explicative cases, we can say that if the child’s 
attention capacities are limited then an activity must be set up that can be completed within a 
time period that matches such capacities. If the greater functional impairment involves fine 
manual dexterity then the activity should allow for games that otherwise would be impossible. 
If the child is capable of managing only simple tasks then during the activity the robot can 
give instructions to manage complex ones. 

2.1. Body functions 

Body functions are the physiological functions of body systems (including 
psychological functions). 
“Body” refers to the human organism as a whole; hence it includes the brain and 
its functions, i.e. the mind. Mental (or psychological) functions are therefore 
subsumed under body functions. 
Impairments of structure can involve an anomaly, defect, loss or other significant 
deviation in body structures. It should be noted that impairments are not the 
same as the underlying pathology, but are the manifestations of that pathology. 

Some references to the introductory text of the ICF classification must be made to clarify the 
subsequent classification. First, it highlights the distinction between body functions and body 
structures. At a medical level, if a limitation in body structure, such as the lack of an eye, has 
its own intrinsic meaning, at the level of the definition of impairment such a structural 
description must be associated to the corresponding functional impairment with regard to 
visual capacity and thus to any consequent impairments in possible activity and participation. 
It appears evident that in this way the impairment is not necessarily related to a disease or 
an illness, but may be the end result of various factors. Even greater impact at a conceptual 
level is the close relationship between the condition at a functional level and the subsequent 
impairment in terms of activity and participation.  
The ICF classification was partially adapted for the purposes and framework of this project, 
and thus not all items are present and not all have the same importance. 

2.1.1. Global mental functions 
Global mental functions must be evaluated very carefully. Not all of these evaluations have 
the same importance within the project framework. Some of them must be analysed 
thoroughly in order to fully understand the child’s possible cognitive and social responses 
and to assess their effects. This is particularly applicable to the psychosocial, intrapersonal 
and motivational functions. Others, such as orientation functions, represent a possible 
exclusion factor if not adequately developed. Finally, the functions related to sleeping, 
appetite and son on do not seem to be pertinent to the project. 

2.1.1.1. Orientation functions 
General mental functions of knowing and ascertaining one's relation to object, 
self, others, time and space. Inclusions: functions of orientation to time, space, 
place and person; orientation to self and others; disorientation to time, space, 
place and person. 
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Experiences are reported in the literature in which therapeutic approaches based on the use 
of modern technologies are tested in cases involving impairments from this viewpoint. The 
use of programmable multi-sensorial environments for treating adults affected by dementia is 
one example of this. 
However, from an initial analysis it would seem appropriate that only activities with children 
capable of recognising themselves, others, objects, the environment, and the passage of 
time should be considered within the framework of this project. None of the experiences 
reported in the literature and considered in preparing this document include any references 
to activities with children at a global cognitive level that do not allow them to be aware of the 
presence of therapists, the robot object, and the surrounding environment. 
In the cases reported in the literature of experiments conducted with autistic children in the 
presence of toy robots (or actors who simulated the behaviour of a robot) (Robins et al, 
2006), even if the child shows no interest in what is surrounding him/her, whether or not play 
partners, toys, persons are present, this behaviour cannot be considered as resulting from a 
lack of knowledge of such presences, but rather to a precise defence reaction to stimuli that 
instil fear in him/her. 
In a similar fashion, for the case involving severe motor disabilities, at the moment in which 
the severe impairment at a functional level limits possible interactions with the environment, 
before subjecting the child to that activity, some fundamental mental functions must first be 
evaluated, using other instruments. For the case in which the necessary prerequisites are not 
present, other intervention methods would be preferred. 

2.1.1.2. Intellectual functions 
General mental functions required  to understand and constructively integrate the 
various mental functions, including all cognitive functions and their development 
over the life span. Inclusion: function of intellectual growth, intellectual 
retardation, mental retardation, dementia. 

Children with motor impairments or affected by Autistic Spectrum Disorders  often  have 
different degrees of mental retardation and for this reason a particular attention is due to the 
assessment of child’s intellectual functions. In literature regarding the use of robots with 
disabled children the results of this assessment is often described, sometimes with 
internationally validated scales, sometimes referring information received from  the clinicians 
and educators who follows the child in the rehabilitation or educational training. From this 
sources we can see, especially as regards children with severe motor impairments, that 
giving them technological instruments (AT, computers, adapted toys, robots) intellectual 
functions can be better assessed and  improved.  
As regard play skills children with mental retardation usually show «interest in physical, 
rather than representational, properties of objects, more time spent in non-specific 
manipulation, less sustained involvement with toys, less variety of play actions, more 
repetition, fewer toys combined, fewer sequential combinations, less elaboration of themes, 
less goal-directed behaviour, more passivity». (Vig, 2007) They often remain in earlier 
developmental play stages and some of them never reach the most advanced stages like 
symbolic representation  (Westby, 2000). 
As already described in the previous chapter, researchers in fields of education and 
psychology have illustrated the strong link between play activities during childhood and the 
cognitive, social and communication development of the person and how experiences 
acquired  through play contribute to the intellectual growth of the child. For this reason to 
allow children, otherwise prevented from playing, to access to play activities through a 
robotic system is of primary importance to increase and develop their intellectual functions to 
their potential.  

2.1.1.3. Global psychosocial functions 
General mental functions, as they develop over the life span, required to 
understand and constructively integrate the mental functions that lead to the 
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formation of the interpersonal skills needed to establish reciprocal social 
interactions, in terms of both meaning and purpose. 

Limitations from this point of view are particularly evident in case of pathologies such as 
autism, which focus on the so-called «triad of impairment» (Wing, 1996), involving social 
interaction, social communication and imagination capacities. 
In particular, the persons affected by this pathology have problems in understanding the 
intentions, the moods and the feelings of others, especially if expressed through gestures, 
body postures, facial expressions and metaphors. Some experiences documented in the 
bibliography indicate that the use of robot technologies is one of the possible means for 
stimulating and facilitating the development of social skills, providing a “simplified” context: 
«Different from human beings, interactions with robots can provide a simplified, safe, 
predictable and reliable environment where the complexity of interaction can be controlled 
and gradually increased» (Robin et al., 2005). Hence, gradually, the robot can shift from 
being a stimulus for turn-taking activities and imitation games, potentially contributing to the 
child’s development of interaction skills, to becoming the shared focus of attention in the 
presence of other persons, whether they are the adult conducting the experiment (Robin et 
al, 2004) or a classmate (Robin et al, 2005). 
For cases involving motor disabilities, especially if associated to cognitive disabilities, deficits 
in this area may be caused or enhanced by the problems in developing and improving such 
skills due to the limited possible experiences. These children are often totally cared for and 
the social interactions they are familiar with and that they know how to manage are limited 
and characterised by complete dependence. A typical behaviour, for cases involving limited 
or lack of language, is the lack of initiative in communicative interaction for which each 
interaction occurs only as a result of an external stimulus (the referent asks questions or 
theorises to which the child answers yes or no). In the aforementioned article by Cook, some 
of the consequences noted by teachers in the behaviours of children after the experiment 
with the robot arm involving play are greater participation in class activities, more 
spontaneous communicative attempts, and increased motivation to interact with peers. Thus, 
the possibility of independently controlling a robot and independently deciding “what to do” 
seems to enhance self-esteem, which is an important prerequisite for developing fruitful 
interactions with peers. 
Hence, it emerges that these functions have an important effect on the activities involving 
interpersonal interactions and relationships. 

2.1.1.4. Dispositions and intra-personal functions 
Disposition to act and react in a particular way, characterizing the personal, 
behavioural style on an individual that is distinct from others. These behavioural 
and responses styles are developmental in nature and may be foundational for 
later patters on temperament and personality functions. 

• Adaptability: disposition to act or react to new objects or experiences in an 
accepting manner rather than a resistant manner.  

• Responsivity: disposition to react in a positive rather than negative manner 
to actual or perceived demand. 

• Activity level: Disposition to act or react with energy and action rather than 
lethargy and inaction. 

• Predictability: disposition to act and react in a preadictable and stable 
manner rather than an erratic or unpreadictable manner 

• Persistence: disposition to act with an appropriately substained than limited 
effort 

• Approachability: disposition to act in an initiating manner, moving towards 
persons or things rather than retreating or withdrawing 

With regard to these types of functions involving the particular personal style of behaviour 
through which we act or react to environmental stimuli, we must pay careful attention to any 
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adaptability problems, i.e. those regarding acceptance of new objects and situations and of 
activities involving the willingness to act. 
Autistic children tend to refuse new, unpredictable and unknown situations, often reacting 
with spontaneous isolation or by escaping. 
Instead, for children with severe motor and cognitive disabilities, they may tend to passively 
accept the surrounding world, limiting their spontaneous interactions with it. 
From both points of view, there is great potential in using robot technologies since they can 
be used to adjust the behaviour of the robot, and thus how the activity is set up, based on 
any impairments of the subject. While, on one hand, there are studies that emphasise how 
the robot, with its “quasi-animated” behaviour (Michaud & Caron, 2002), can lengthen 
attention times and stimulate an active response, on the other, simplifying stimuli and 
increasing them very gradually may help to deal with the poor adaptability of autistic subjects 
(Robins et al., 2006). 
The intra-personal function has an effect on the activities relative to the execution of tasks 
under different circumstances and in particular on the capacity of controlling one’s behaviour 
and one’s emotions in order to accept and to react to new situations and actively relate with 
the surrounding environment.  

2.1.1.5 Temperament and personality functions 
General mental functions of constitutional disposition of the individual to react in a 
particular way to situations, including the set of mental characteristics that makes 
the individual distinct from others. Inclusions: functions of extroversion, 
agreeableness, conscientiousness, psychic and emotional stability, and 
openness to experience; optimism; novelty seeking; confidence; trustworthiness. 

As regards temperament and personality functions they have been added to ICF-CY only in 
the latest version with this remark: “the codes on Temperament and personality functions can 
be related to the codes on expression of Dispositions and Intra –personal functions. Users 
may use either or both. The taxonomic properties of these codes and their relationship need 
to be developed through research”.  
Obviously personality influences all the interactions the child has with his/her environment 
and for this reason influences also the interaction with  a robot.  For example Michaud and 
Caron  (2002) describes their experiments with Roball giving evidence  to the child’s 
personality (active or calm and shy) and its influence to the human-machine interaction. The 
future work could be an opportunity to evaluate how describe the child in terms of personality 
add information to the description of Dispositions and intra-personal functions. For example: 
is it useful to describe a personality shy if we have already put in evidence a low level of 
approachability?  

2.1.1.6. Motivation – Energy and drive functions 
General mental functions of physiological and psychological mechanisms that 
cause the individual to move towards satisfying specific needs and general goals 
in a persistent manner. Inclusions: functions of energy level, motivation, appetite, 
craving (including craving for substances that can be abused), and impulse 
control. 
Motivation: mental functions that produce the incentive to act; the conscious or 
unconscious driving force for action. 

«Motivation involves self-generated curiosity and desire for mastery. This construct includes 
persistence, mastery for the sake of competence, preference for challenging tasks, goal-
directed behaviour, short latency to task involvement, and positive affect while engaged in 
tasks» (Vig, 2007). 
The motivational aspect plays a fundamental role if we want to maintain involvement in the 
activity and achieve the established objectives.  
The ways in which to obtain an adequate level of motivation vary significantly depending on 
the individual. Instead, for what concerns the child who has already been in an educational 
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and rehabilitative environment for some time, it is known that a play-like activity, as close as 
possible to play understood as a free and self-motivating activity, helps to create the best 
conditions for learning and for developing the child’s skills.  
Knowledge of the subject and, in particular, of the activities, the objects and the attitudes that 
involve and motivate him/her the most, is needed to design a suitable activity. 
From this viewpoint, thanks to the enormous versatility of robot tools, different types of 
activities can be carried out according to the type of planning, adapting the robot’s 
appearance and behaviour to individual needs in order to maximise the child’s involvement. 
Some experiences reported in the literature point out that such aspects related to robot 
technology may help to increase the motivational drive of the subjects involved. Marti et al. 
(2006) for example, describe how for the case involving Paro, a robot that resembles a baby 
seal, the appearance and the behaviour that simulate a “quasi-animal” behaviour help to 
motivate subjects, and even adults, affected by dementia to interact with operators. In this 
case, the patient’s observations and comments about the robot and the fact that he/she 
recognises and attributes an emotional state, transform the robot into a “common ground” in 
which to share one’s feelings with the therapist. 
Also for what concerns children, the robot’s appearance and behaviour can help to create an 
interaction that can be compared to what occurs with pets and, as such, is particularly 
motivating. 
But the robot does not necessarily have to be “camouflaged” like an animal to establish this 
interaction. It can resemble a doll or even have a mechanical appearance. In this last case, 
there is greater emphasis on the highly technological appearance and this helps to gratify the 
child and, because he/she feels privileged by interacting with such a sophisticated object, 
this enhances his/her self-esteem and as a consequence the motivation to interact. 
As already pointed out, the motivational aspect is, for children, strictly related to the play and 
fun activity. In addition, motivation, in general, facilitates the optimum use of some specific 
mental functions, such as attention functions. It also involves emotional functions, improving 
performance in attention focusing and maintenance activities in the purposeful sensory 
experiences and, in general, in all correlated activities. 

2.1.2. Specific mental functions 
Specific functions of the brain such as memory, language and calculation mental 
functions. 

Among the various specific mental functions, only those related to calculation are excluded. 
All the others should be considered during the evaluation phase to understand the child’s 
limits, potential for improvement and strengths. 

2.1.2.1. Attention functions 
Specific mental functions of focusing on an external stimulus or internal 
experience.  

Inclusions:  
• Sustaining attention: Mental functions that produce concentration for the 

period of time required.  
• Shifting attention: Mental functions that permit refocusing concentration 

from one stimulus to another.  
• Dividing attention: Mental functions that permit focusing on two or more 

stimuli at the same time.  
• Sharing attention: mental 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 

Special analyses of the attention functions are required for various reasons. First, the 
attention times that the child can support must be evaluated in order to set up an activity that 
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can be completed. From this point of view, the fact that the robot can be used to establish an 
interaction through several sensory channels and that it has an “animated” behaviour, i.e. 
independent and unpredictable, is certainly an advantage. Based on the results of the 
experiences with Roball, a ball with independent movement affected by the surrounding 
environment, the attention and activity times of the “normal” children involved are much 
longer than those involved with traditional inanimate toys (a simple ball) or those that move 
stiffly and cannot be adapted (Michaud & Caron, 2002). 
For children with severe motor impairment, interacting with a three-dimensional space using 
plastic bricks with a robot arm manipulated through a special interface (joystick, sensors, 
etc.) may offer an additional advantage. In effect, in the experience described by Kronreif et 
al. (2005) an important outcome is the extension of time that the children involved are able to 
dedicate to the construction activity, a fact that may denote the development of greater 
attention capacity. 
Attention times for autistic children are also a Critical Factor since these children often have 
problems in concentrating on the same activity for a long time. In the various experiences 
described in the literature, in general, the selected duration is always limited to a few 
children. 
In some cases, these children may show a certain level of rigid attention, dedicating 
themselves exclusively to a single repetitive and solitary activity. Often, they are unable to 
concentrate on the activities carried out by others and require continuous stimuli (Robins & 
Dautenhahn, 2006). 
But the biggest problem in these cases is sharing attention, which in smaller children in 
general begins to develop by indicating with a glance or the hand, that is one of the 
prerequisites for the development and improvement of social skills. The studies conducted by 
the Adaptive Systems Research Group at the University of Hertfordshire, within the context 
of the Aurora project, represent the foundations for demonstrating how the use of robots in 
activities with autistic children makes it possible to gradually transition from activities in which 
attention is concentrated on the robot, as the object with a simplified an easy-to-predict 
behaviour, to activities in which the robot becomes the object of attention shared with a 
playmate Robin et al., 2005; Robin et al., 2004). 
The attention functions along with the level of motivation and emotional involvement inherent 
to the activity influence the possible performance levels in play, learning, application of 
knowledge and carrying out a task. 

2.1.2.2. Memory functions 
Specific mental functions of registering and storing information and retrieving it as 
needed. Inclusions: functions of short-term and long-term memory, immediate, 
recent and remote memory; memory span; retrieval of memory; remembering; 
functions used in recalling and learning, such as in nominal, selective and 
dissociative amnesia. 

• Short-term memory: Mental functions that produce a temporary, disrupting 
memory storage with a duration of around 30 seconds from which 
information is lost if not consolidated into long-term memory.  

• Long-term memory: Mental functions that produce a memory system 
permitting the long-term storage of information from short-term memory and 
both autobiographical memory for past events and semantic memory for 
language and facts.  

• Retrieval of memory: Specific mental functions of recalling information 
stored in long-term memory and bringing it into awareness. 

The functions concerning short and long-term memory should be considered a minimum 
prerequisite for carrying out the activity since what was completed in the previous sessions 
should form the base for the subsequent sessions. 
Autistic subjects, undergoing the same type of experimentation a few months later, have 
shown that they recognise the context and the objects involved and to have assimilated the 
“results” obtained.  



38 2. Factors related to the Individual according to ICF-CY 

For what concerns motor disabilities, the problems encountered in increasing skills from one 
time to another seem to be related more to the understanding and management of a task 
rather than memorising the instructions received. 
Another point to be stressed is the importance of memory functions in symbolic play activity 
and in play with rules, in applying knowledge, in learning and in educational activities. 

2.1.2.3. Psychomotor functions 
Specific mental functions of control over both motor and psychological events at 
the body level. Inclusions: manual and lateral dominance functions of 
psychomotor control, such as in psychomotor delay, excitement  and agitation, 
posturing, motor perseveration, catatonia, negativism, ambitendency, echopraxia 
and echolalia; quality of psychomotor function.   

• Psychomotor control: Mental functions that regulate the speed of behaviour 
or response time that involves both motor and psychological components, 
such as in disruption of control producing psychomotor retardation (moving 
and speaking slowly; decrease in gesturing and spontaneity) or 
psychomotor excitement (excessive behavioural and cognitive activity, 
usually non-productive and often in response to inner tension as in toe-
tapping, hand-wringing, agitation, or restlessness.)  

• Quality of psychomotor functions: Mental functions that produce nonverbal 
behaviour in the proper sequence and character of its subcomponents, 
such as hand and eye coordination, or gait.  

• Organization of psychomotor functions: Mental functions that produce 
complex goal directed sequences of movement. 

• Manual Dominance: development and preference in hand use. 
• Lateral Dominance: development and preference of eye and limb use. 

For what concerns motor disabilities, there may be various reasons why it is so difficult to 
perform some movements: the muscular factor (contraction, weakness), the articulation and 
skeletal factor (blocked joints, bone deformations) and the psychomotor factor. At a 
macroscopic level, the various cases can be described by the activities linked to mobility 
(walking, transporting objects, fine dexterity, etc.), apart therefore from the cause or the 
concause.   
The main problem linked to psychomotor functionality is hand-eye coordination, i.e. the ability 
to observe what is being done and to perform the proper actions. To clarify the concept we 
can refer to the experience by Cook et al. (2005) in which the result of using a special 
interface to control a simple robot arm within a three-dimensional space is improved hand-
eye coordination. This outcome seems to be better than what can be obtained through 
similar activities carried out using a computer and thus in a two-dimensional space.  
We can expand the concept to the case in which the interface is not controlled using the 
hands, but through other parts of the body, such as the head or a foot, meaning coordination 
between “actuator”, the part of the body that completes the action, and “receptor”, in the 
sense that it receives feedback from the environment in which it occurs.  
Therefore, in a possible training phase we must consider not only teaching the “motor” use of 
the interface but also, at a higher level, how to manage and coordinated the activity. 
Instead, with regard to development disturbances, they can be associated to excessive 
behaviours such as toe-tapping, hand-wringing and agitation especially as a response to a 
disturbing event that generates fear or arises unexpectedly. Some stereotyped and repetitive 
ways of carrying out some activities found in these children may fall within this sphere.  
As previously described, the psychomotor functions affect the activities related to mobility. 

2.1.2.4. Emotional functions 
Specific mental functions related to the feeling and affective components of the 
processes of the mind.  Inclusions: functions of appropriateness of emotion, 
regulation and range of emotion; affect; sadness, happiness, love, fear, anger, 
hate, tension, anxiety, joy, sorrow; lability of emotion; flattening of affect. 
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• Appropriateness of emotion: Mental functions that produce congruence of 
feeling or affect with the situation, such as happiness at receiving good 
news.  

• Regulation of emotion: Mental functions that control the experience and 
display of affect. 

• Range of emotion: Mental functions that produce the spectrum of 
experience of arousal of affect or feelings such as love, hate, anxiousness, 
sorrow, joy, fear and anger. 

Emotional involvement and development of emotional functions is, respectively, a 
prerequisite and the objective of activities to be set up and designed. 
In the first case, the robot can become the “common ground” for sharing attention and 
exteriorising one’s emotions, in which «the emotional relationship between the patient and 
the robot was a mediating element of communication» (Marti et al., 2006) between the 
patient and the therapist. This may be the case involving Paro, the robot that resembles and 
acts like a baby seal, used to treat adults affected by dementia and children with various 
types of disability (control). This type of emotional involvement, as already mentioned, should 
be considered in relation to the type of interaction established and that can be compared to 
that of a pet, independently from the exterior appearance (Johnson, 2003). 
For what concerns the need for emotional development, children with severe motor 
disabilities, for whom it is impossible to have an independent life and to play like their peers, 
cannot create «the indispensable basis towards a comprehensive psychological 
development […], that is – of course – cognitive, but also emotional and relational» (Besio, 
2003). Through technologies, whether they are assistive or robotic, the child with severe 
motor disabilities «suddenly can modify the world around him/her (and who understands 
he/she can), […] can build, invent a story, represent it, can choose among some options, can 
make a project, achieve, verify and modify it, […] can interact with real and virtual people by 
attributing roles and inventing characters; this child is building a self-identity stronger and 
more reliable than before» (Besio, 2003). 
Limitations in the emotional area are also characteristic of autism in which there is an inability 
to manage social relationships, to understand the feeling expressed by others and 
communicate one’s own, to develop symbolic and imaginative activities.  
Also in these cases the use of robot technologies may contribute to developing these 
cognitive functions. 
The work by the Adaptive Systems Research Group at the University of Hertfordshire 
involving autistic subjects has demonstrated the potential of the robot that, with its simplified 
behaviour, stimulates the child to perform imitation and turn-taking activities, which may be 
the first testing field for the emotional and social skills to use in other social contexts. From 
this point of view it’s interesting to note that through the experiment, children show attitudes 
involving “emotional contact” with the researcher, which may be considered as the first way 
of expressing feelings and emotions.  
The emotional functions are closely related to motivation, to psychosocial functions as well 
as to play and learning activities. 

2.1.2.5. Perceptual functions 
Specific mental functions of recognizing and interpreting sensory stimuli. 
Inclusions: functions of auditory, visual, olfactory, gustatory, tactile and 
visuospatial perception, such as a hallucination or illusion. 

• Auditory perception: Mental functions involved in discriminating sounds, 
tones, pitches and other acoustic stimuli. 

• Visual perception: Mental functions involved in discriminating shape, size, 
colour and other ocular stimuli.  

• Olfactory perception: Mental functions involved in distinguishing differences 
in smells.  
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• Gustatory perception: Mental functions involved in distinguishing 
differences in tastes, such as sweet, sour, salty and bitter stimuli, detected 
by the tongue.  

• Tactile perception: Mental functions involved in distinguishing differences in 
texture, such as rough or smooth stimuli, detected by touch.  

• Visuospatial perception: Mental function involved in distinguishing by sight 
the relative position of objects in the environment or in relation to oneself. 

In the initial hypotheses of this project, and based on the previous experiences described in 
the literature, the robot is considered an object capable of interacting with the child through 
many channels: the child, therefore, must be capable of perceiving the stimuli that are given 
to him/her, that may be visual (the robot moves, produces lights and colours), auditory (it 
emits sounds) and tactile (if the robot touches the child).  
Despite this assumption, some children, whether they are autistic or have cognitive 
disabilities, may be particularly sensible to some types of stimuli, such as sounds and 
sudden noise, violent lights, and physical contact in general or with some specific parts of the 
body. Even some odours may be stimuli that cause feelings of discomfort. Hence, these 
individual characteristics must be taken into consideration to properly set up the robot’s 
sensory feedback. 
Finally, it is important to highlight that in some cases involving motor disabilities the fact that 
finally the subject can control the results of his/her actions in a three-dimensional space 
makes it possible to improve and develop the sense and the perception of the three-
dimensional space (Kronreif et al, 2005). 
The perceptive functions must be considered in a close relationship with the sensory 
functions discussed here below. 

2.1.2.6. Thought functions 
Specific mental functions related to the ideational component of the mind.  
Inclusions: functions of pace, form, control and content of thought; goal-directed 
thought functions, non-goal directed thought functions; logical thought functions, 
such as pressure of thought, flight of ideas, thought block, incoherence of 
thought, tangentiality, circumstantiality, delusions, obsessions and compulsions. 

• Pace of thought: Mental functions that govern speed of the thinking 
process.  

• Form of thought: Mental functions that organize the thinking process as to 
its coherence and logic. Inclusions: impairments of ideational 
perseveration, tangentiality and circumstantiality.  

• Content of thought: Mental functions consisting of the ideas that are 
present in the thinking process and what is being conceptualised. 
Inclusions: impairments of delusions, overvalued ideas and somatisation.  

• Control of thought: Mental functions that provide volitional control of 
thinking and are recognized as such by the person. Inclusions: impairments 
of rumination, obsession, thought broadcast and thought insertion. 

The functions related to thought affect all the activities of the child who, while playing and 
learning, and in relation to the environment, must organise the various representations of 
reality in a logical manner that focuses on a purpose so as to interact effectively with that real 
situation. 
Thought functions are also related to play stages, in a double sense: while the children 
develop, they change their preferred types of play, which in their turn contribute to develop 
thought and making it more complex; on the other hand, higher level thought give the 
children the possibility to invent and experiment more complex and abstract play activities – 
for example, difficult construction and rule games. 
In this sense, the individual’s cognitive abilities and mental age can be connected to the play 
stage: children with mental retardation – and consequently a limitation in thought – can be 
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prevented from reaching higher level play activities, that involve abstraction, memory and 
metacognitive components. 
This fact should be carefully considered when planning play activities with a child with some 
kind of impairment, to make the right proposal for him/her. 

2.1.2.7. Basic cognitive functions 
Mental functions involved in acquisition of knowledge about objects, events and 
experiences; and the organization and application of that knowledge in tasks 
requiring mental activity. 

With regard to these types of skills, the children for which this project has been developed 
often have certain impairments. 
Children with severe motor disability, since it is impossible for them to carry out activities 
independently, often are unable to try and thus develop the cognitive skills necessary to 
organise a task. This also has consequences on their imaginative skill, whose development 
goes through the symbolic play activity.  
If the motor disability is also associated to a communicative disability, evaluating the real 
level of these skills becomes even more difficult. The experience described by Cook et al. 
(2005) in which a robot arm is used to play Lego with children with particularly severe motor 
disabilities, focuses on the initial difficulties experienced by subjects involved in managing 
apparently simple tasks, tasks that “normal” children develop spontaneously by manipulating 
objects during various play activities. To overcome this problem the children involved then 
undergo a training phase to understand some cognitive aspects necessary to carry out the 
tasks that will be required subsequently. 
For children affected by autism this type of impairment may involve some tasks linked to 
social activity (interaction and communication) and, above all, to the imagination. These 
children have particular difficulties in understanding and creating stories and in associating a 
symbolic meaning to objects. 
These cognitive functions are strictly related to the activities involving execution of a task, 
learning, application of knowledge and playing as described further. 

2.1.2.8. Higher-level cognitive functions 
Specific mental functions especially dependent on the frontal lobes of the brain, 
including complex goal-directed behaviours such as decision-making, abstract 
thinking, planning and carrying out plans, mental flexibility, and deciding which 
behaviours are appropriate under what circumstances; often called executive 
functions. Inclusions: functions of abstraction and organization of ideas; time 
management, insight and judgement; concept formation, categorization and 
cognitive flexibility. 

• Abstraction: Mental functions of creating general ideas, qualities or 
characteristics out of, and distinct from, concrete realities, specific objects 
or actual instances.  

• Organization and planning: Mental functions of coordinating parts into a 
whole, of systematizing; the mental function involved in developing a 
method of proceeding or acting.  

• Cognitive flexibility: Mental functions of changing strategies, or shifting 
mental sets, especially as involved in problem-solving.  

• Judgement: Mental functions involved in discriminating between and 
evaluating different options, such as those involved in forming an opinion. 

These cognitive functions, identified also as executive functions, begin to develop in the child 
through play. The abstraction functions are consolidated through representative and 
symbolic play, attributing to characteristics objects not inherent to them. Instead, playing with 
rules and construction games more thoroughly develop the organisation and planning 
functions. Attempts to develop higher-level cognitive functions through the use of Assistive 
Technology as mediators for playing has been described by Besio (2004), at least in the 
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case of two of the children involved by the experimentation conducted: «For each child a 
development was obtained in terms of complexity and duration of the play activities, and thus 
a development of the related cognitive abilities»; this means, in particular, changes in 
complexity and duration of the play, and also shifting from one type of play to an higher one 
(for example, from exercise to pretend play). Also experiments conducted with PlayRob 
demonstrated the develop of higher-level cognitive functions through the use of an assistive 
technology robot device for playing with Lego blocks: after a 6 month evaluation period, 
children succeeded in planning and executing tasks with less assistance (Kronreif et al., 
2005). 
Thus, allowing and encouraging disabled children to play, also using robots, helps to develop 
the skills considered necessary at a later time to carry out activities such as learning, 
application of knowledge and participation in social life. 

2.1.2.9. Mental functions of language 
Specific mental functions of recognizing and using signs, symbols and other 
components of a language. Inclusions: functions of reception and decryption of 
spoken, written or other forms of language such as sign language; functions of 
expression of spoken, written or other forms of language; integrative language 
functions, spoken and written, such as involved in receptive, expressive, Broca’s, 
Wernicke’s and conduction aphasia. 

• Reception of language: Specific mental functions of decoding messages in 
spoken, written or other forms, such as sign language, to obtain their 
meaning. 

• Expression of language: Specific mental functions necessary to produce 
meaningful messages in spoken, written, signed or other forms of 
language.  

• Integrative language functions: Mental functions that organize semantic and 
symbolic meaning, grammatical structure and ideas for the production of 
messages in spoken, written or other forms of language. 

Since this involves social interaction, it cannot be considered without the functions that 
manage the main social interaction tool: language.  
Establishing a child’s abilities to understand and to use language and, above all, in what 
mode (symbolic, written, spoken) makes it possible to decide which channels of interaction to 
use and at what level of complexity to give instructions. 
This type of problem is relatively common for cases involving motor disabilities: in the 
experience carried out by Cook et al. (2005) in the scholastic environment with children 
affected by motor disabilities, the linguistic skills in no less than 12 out of 16 subjects were 
reduced to simple vocalisations or complete passivity, while the other 4 used symbolic 
communication or indications.   
Linguistic skills may be limited in a different way to the level of reception and understanding 
and to an expressive level. In general, the expressive level is more severely impaired than 
the receptive level. In her research with Assistive Technology for playing, Besio (2004) 
involved in the experimentation two children with cerebral palsy who had no verbal language; 
by making symbolic and pretend play, both children not only developed new abilities in 
playing, but also improved their linguistic competence – receptive and expressive, this last by 
means of Augmentative Alternative Communication symbols: « In some children this also led 
to a new awareness about the importance of using a communication code (linguistic, 
iconic/symbolic, graphic) more precisely, the need to increase their own “vocabulary” or to be 
familiar with and master some strategies to do things (tracing, drawings, a part of a story, 
etc.).». In addition, these children showed «an immediate and natural transfer of the skills 
acquired from the experimental context to other life environments, at home or at school». 
Robot technology can also be used to develop linguistic functions. For the case involving the 
prototype Gestural Interface and Robotic Technology (GIRT) system, created as «an 
interactive robotic rehabilitation tool, disguised as a toy, which can be controlled via almost 
any part of the body or through voice-activation» the fact that it can be programmed «to 
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respond to the child's voice turned out to be a good instrument for speech-language 
development, a key goal for all children» (Lathan & Malley, 2001).  
In completely different contexts, Lund & Marti (2005) theorised that «external 
representations, in the form of dynamic I-Block constructions, would assist children in 
learning linguistic structures in a more effective way than with a combination of static iconic 
pictures like the ones currently used by speech therapists». 
Linguistic functions are linked to communicative activities and to the ability to establish and 
manage interpersonal relationships. 

2.1.2.10 Mental function of sequencing complex movements 
Specific mental functions of sequencing and coordinating complex, purposeful 
movements. Inclusion: impairments such as in ideation, ideamotor, dressing, 
oculomotor and speech apraxia. 

When a  motor impairment  prevent a child to learn many complex movements required for 
every day life activities (as dressing, eating, washing oneself) the development of related 
mental functions becomes difficult or even impossible. For this reason this development 
should be improved through assistive or technology devices which acts as part of the body 
and are controlled by the child himself. When this function cannot be improved technology 
could be also an useful help in guiding the child through the complexity of the movement 
splitting the whole action in single simple movements. 

2.1.2.11. Experience of self and time functions 
Specific mental functions related to the awareness of one’s identity, one’s body, 
one’s position in the reality of one’s environment and of time. Inclusion 
experience of self, body image and time. 

These functions, strictly related to the global orientation functions, must be required for any 
activities involving robots or high technology devices. 

2.1.3. Sensory functions 
This chapter is about the functions of the senses, seeing, hearing, tasting and so 
on, as well as the sensation of pain. 

• Sight functions: Sensory functions relating to sensing the presence of light 
and sensing the form, size, shape and colour of the visual stimuli. 
Inclusions: visual acuity functions; visual field functions; quality of vision; 
functions of sensing light and colour, visual acuity of distant and near 
vision, monocular and binocular vision; visual picture quality; impairments 
such as myopia, hypermetropia, astigmatism, hemianopsia, colour-
blindness, tunnel vision, central and peripheral scotoma, diplopia, night 
blindness and impaired adaptability to light. 

• Functions of structures adjoing the eye: functions of structures in and 
around the eye that facilitate seeing functions. Inclusions: functions of 
internal muscles of the eye, eyelid, external muscles of the eye, including 
voluntary and tracking movements and fixation of the eye, lachrymal 
glands, accommodation, pupillary reflex; impairments such as in 
nystagmus, xerophthalmia and ptosis. 

• Hearing  functions: Sensory functions relating to sensing the presence of 
sounds and discriminating the location, pitch, loudness and quality of 
sounds. Inclusions: functions of hearing, auditory discrimination, 
localization of sound source, lateralization of sound, speech discrimination; 
impairments such as deafness, hearing impairment and hearing loss. 
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• Touch function: Sensory functions of sensing surfaces and their texture or 
quality. Inclusions: functions of touching, feeling of touch; impairments such 
as numbness, anaesthesia, tingling, paraesthesia and hyperaesthesia. 

• Sensitivity to vibration: Sensory functions of sensing shaking or oscillation. 

The sensory functions concern the various senses, such as sight and hearing, but also the 
feelings of pain or discomfort. In this context, they are treated initially as a single category: 
focusing here on the details of how, for example, it is impossible to distinguish colours or how 
hypersensitivity to auditory stimuli affect the results of the work being carried out would seem 
to be rather unimportant, while it should be emphasised that any problem that the child has 
relative to these functions must be known and taken into due consideration. In addition, it is 
important to consider the link between these functions and the specific mental functions of 
perception and that they are the prerequisite for carrying out purposeful sensory 
experiences. 
One of the aspects that make robot technologies particularly interesting within the 
rehabilitation and educational sector is that they make it possible to use all the child’s 
sensory functions so that he/she can perceive the consequences of his/her actions in 
different ways, stimulating him/her to continue the interaction (Lathan & Malley, 2001).  
This is the underlying hypothesis of the tests carried out by Marti & Lund (2005) with the 
“dynamic I-Block constructions”. In fact, the advantage of these constructions, that represent 
the various components of the sentence, compared to the papers with static images usually 
used in speech therapies, is that they provide auditory and visual feedback to the correct 
action by the child and make it possible to construct the sentence with the hands, supporting 
«the children in the performance of logic and grammatical abstraction tasks». 
With respect to the use of the computer and virtual realities, robot technologies, by acting in 
a real three-dimensional world, make it possible to explore the space and to interact through 
touch.  
Also in the example involving Roboball «the physical appearance of toys is still essential, but 
now interaction is an additional concern and can be done in various and novel ways: speech, 
sounds, facial expressions, visual cues and movement» (Michaud & Caron, 2002). 
In experiences with children affected by development disturbances, the robot is not just a 
two-dimensional visual stimulus, but can be observed from various points of view, touched 
and give auditory stimuli such as songs and sentences (Robins & Dautenhahn, 2006). 
But if on one hand the multi-sensory nature of the stimuli is extremely important for 
stimulating attention and motivational involvement, on the other it should also be recalled 
«during the activity design phase that the proposed stimuli must be congruent with the child’s 
abilities to receive them. Some autistic children or those with motor disabilities may have 
associated cognitive disturbances or hypersensitivity to some sensory stimuli» «touch can be 
excruciating, smell could be overpowering, sound, even at an average volume could hurt, 
and sight could be distorted» (Robins et al, 2004a). 

2.1.4. Voice and speech functions 
This chapter is about the functions of producing sounds and speech. 

• Production of voice: Functions of the production of sound made through 
coordination of the larynx and surrounding muscles with the respiratory 
system. Inclusions: functions of phonation, loudness; impairment of 
aphonia. 

• Quality of voice: Functions of the production of characteristics of voice 
including pitch, resonance and other features. Inclusions: functions of high 
or low pitch; impairments such as hypernasality, hyponasality, dysphonia, 
hoarseness or harshness.  

• Articulation functions: Functions of the production of speech sounds. 
Inclusions: functions of enunciation, articulation of phonemes; spastic, 
ataxic, flaccid dysarthria; anarthria such as stereotypic or repetitive speech 
cadence.  
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• Alternative vocalization functions. Functions of the production of other 
manners of vocalization. Inclusions: functions of the production of notes 
and range of sounds, such as in singing, chanting, babbling and humming; 
crying aloud and screaming. 

If, on one hand, as we have already seen, robot technologies can be used to stimulate the 
child through various sensory channels, just as much versatility may be available, at a 
theoretic level, with regard to the reception of various types of input. One of the possibilities 
is offered through vocal commands or vocal interactions. But not all children are capable of 
interacting at the same level. Often, for severe motor disabilities, there are problems 
involving articulation and the sounds produced are quite different from the usual ones, or the 
repertoire of possible sounds is so limited that this category includes alternative voice 
vocalisations, such as screaming, crying and laughing. In the experience conducted within 
the scholastic environment by Cook et al. (2005) with children affected by motor disabilities, 
all the subjects have speech production problems, some linked to cognitive skills and others 
to voice production and articulation impairments. Therefore, the robot should able to adapt or 
be adapted to the individual cases if this is one of the envisaged and feasible interaction 
modes. As already seen, there are examples in which the speech-recognition function 
implemented in the robot can be used as a valid tool for language rehabilitation (Lathan & 
Malley, 2001).  
The problem of how the interaction occurs using the voice also involves the volume (yelling 
or whispering) or the speed, that, depending on the child, may express an emotional state 
such as fear, enthusiasm and agitation. The possibility of attributing a different meaning to 
the same sequence of sounds and reacting in an appropriate manner would increase the 
possibilities of using the robot to develop the child’s social skills.  
These functions are affected by possible disabilities in mental functions of language, in 
neuromusculoskeletal functions and in the auditory type of sensory functions and any 
impairments may affect the communicative functions through spoken language and hence 
personal relationships. 

2.1.5. Neuromusculoskeletal and movement related functions (functions of the 
joints and bones, muscle functions, movement functions) 

This chapter is about the functions of movement and mobility, including functions 
of joints, bones, reflexes and muscles. 

The neuromusculoskeletal functions are closely related to the motor activities reported below 
in which we will take a closer look at the individual body districts: this means that greater 
importance is given to grasping than to the reason that limits it, whether it is caused by a 
problem involving muscles, joints or movement coordination.  
At this global level it is important however to emphasise that children with motor disabilities 
often can develop skeletal and muscular complications such as «inadequate stretching, 
constant muscular contractions, or inflammatory disorders of the joints, soft tissue or skin. In 
addition, they risk developing paralytic scoliosis, due to either trunk tone asymmetry or 
weakness. Scoliosis and hip and pelvis problems contribute to early adult onset of 
degenerative arthritis and problems in respiratory function that can lead to heart failure» 
(Lathan & Malley, 2001). Therefore, when any activity is proposed, it is important to avoid 
proposing tasks that may lead to complications and, on the contrary, seek to stimulate 
appropriate movements and postures that prevent them from arising (Hornof & Cavender, 
2005). 
Any neuromusculoskeletal impairments must be carefully evaluated if it must be decided 
what interface device is more appropriate for interacting with and controlling the robot.  
Even though this evaluation is important, it should not be forgotten however that the ability to 
use any interface is also and above all linked to how much the proposed activity stimulates 
motivation and participation and is appropriate for the subject’s cognitive level (Besio, 2003). 
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2.2. Activities and participation 

The Activities and Participation component covers the complete range of 
domains denoting aspects of functioning from both an individual and a societal 
perspective. 
Activity is the execution of a task or action by an individual. Activity limitations are 
difficulties an individual may have in executing activities. 
Participation is involvement in a life situation. Participation restrictions are 
problems an individual may experience in involvement in life situations. 

The description of the Critical Factors correlated to body functions classified by the ICF has 
highlighted the close relationship between any impairments in functions and the 
corresponding limitations in terms of activity and participation. In general, there are 
numerous individual reasons that cause a limitation in carrying out an activity while such a 
limitation is also heavily affected by contextual factors. For some children the difficulty in 
communicating is certainly due to individual disabilities but can also be influenced by the fact 
that those around him/her tend to anticipate and to interpret the message, hence reducing 
the child’s independence. On the other hand, limitations in activities due to contextual factors 
influences the level of individual skills achieved. As already mentioned on several occasions, 
the child that is unable to play develops some cognitive skills to a lesser degree.  
Finally, improved performance involving an activity can easily be interpreted and used as an 
index for evaluating improvement at a functional level.  

2.2.1. Purposeful sensory experiences  
Using the body's basic senses intentionally to experience stimuli. 

• Watching: Using the sense of seeing intentionally to experience visual 
stimuli, such as watching a sporting event or children playing.  

• Listening: Using the sense of hearing intentionally to experience auditory 
stimuli, such as listening to a radio, music or a lecture.  

• Other purposeful sensing: Using the body's other basic senses intentionally 
to experience stimuli, such as touching and feeling textures, tasting sweets 
or smelling flowers. 

If, on one hand, an analysis of the sensory functions can be used to understand which types 
of stimuli can be received, the concept of purposeful sensory experiences focuses on the 
voluntary use of sensory functions, which are therefore a prerequisite for understanding and 
exploring the surrounding environment. A child’s involvement is quite different in a situation 
in which he/she sees that there is a robot doll in the room and gets closer to it, carefully 
observing it, touching it, and listening to recorded music that it produces (Dautenhahn & 
Werry, 2004). In the first case there is no active participation, while in the second there is 
participation, emotional involvement, and motivation with regard to the interaction. Autistic 
children often react in the first way described and especially in the presence of new stimuli, 
of persons who are not well known, and in environments with several persons put a kind of 
purposeful sensory unexperience into effect.  
For the case involving mental retardation, children may exhibit behaviours in which the use of 
sensory capacities occurs in a “pathological” manner, i.e. without really concentrating 
attention: the child carries out stereotyped actions, repetitively tapping, rubbing, shaking, 
sniffing toys, of focuses attention on a single detail without any meaning, such as dangling or 
holding toys close to eyes for visual inspection (Vig, 2007). 
On the contrary, the active and involved use of one’s senses is a sign of the ability to focus 
attention in an appropriate manner: when a child, while holding an object in his/her hand, 
observes all parts of it, turns it in various directions, puts it in his/her mouth, shakes it or 
bangs on it in the attempt to hear a sound makes a tense, concentrated expression and 
his/her attention is focused on the object and the surrounding environment seems to be 
become momentarily uninteresting. 
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For what concerns severe motor disabilities, since is impossible to manipulate objects the 
tactile sensory experience tends to be limited while other experiences are always 
characterised by a certain level of passivity and dependence. This is even more applicable 
for the case in which cognitive disabilities and mental retardation are also associated. 
The ability to use one’s senses in an active and involved manner is linked first and foremost 
to orientation, attention, perception and sensory functions and knowledge must be acquired 
and applied to communicate and to take part in social and educational relationships. In 
particular, it is used in sensory exploratory play during the first months of life in which the 
child uses touch, taste, sight, smell and hearing to become more familiar with objects and the 
persons that surround him/her (Ferrari & Cioni, 2005). 

2.2.2. Basic learning 
As already mentioned, body functions are closely related to activities and as far as children 
are concerned the fundamental activity is learning, that takes place in various ways as 
described here below. 

2.2.2.1. Copying 
Imitating or mimicking as a basic component of learning, such as repeating a 
facial expression, a gesture, a sound, a drawing, or the letters of an alphabet. 
Inclusion: immediate imitation of an action or behaviour. 

The imitation activity has been recognised for some time as fundamental for learning during 
a child’s development. It occurs spontaneously already during the first few moments of life, 
when the child imitates the expression of the mother’s face. This activity can be considered 
an initial form of communication that constitutes the foundation on which language will 
develop: therefore, there is a close relationship between the socio-emotional aspects and the 
cognitive aspects inherent in it. 
Therefore, the moment in which limitations in terms of communication and social activities 
appear, it would seem natural for imitation to be used in therapeutic approaches (Zeedyka & 
Heimannb, 2006). 
This is the case involving the various experiences carried out with autistic children for which 
communication problems arise with regard to difficulties in understanding facial expressions 
and body posture, sometimes in the absence of or poor development of linguistic skills and, 
in general, in avoiding interpersonal contact. For these interventions, the imitation activity is 
proposed through the use of anthropomorphic robots (or even actors dressed up as robots) 
in order to make the interaction simple and predictable. 
Another way to use the imitation activity to develop social skills is to imitate facial 
expressions using robot or computerised technologies that make the original to be imitated 
simpler with respect to the complexity of the human face (Michaud et al., 2007). 
The imitation activity can be used for rehabilitation purposes also for children affected by 
motor disabilities. Controlling robot movements through the movements of the child detected 
by special sensors (in this case the robot imitates the child) not only provides motivational 
stimulus for physical activity, but it also helps to develop the child’s self-esteem that is 
required in a relationship with others (Lathan & Malley, 2001). 

2.2.2.2. Learning trough actions with objects 
Learning through simple actions on single object, two or more objects, symbolic 
and pretend play, such in hitting an object, banging blocs and playing with dolls 
or cars 

• Simple actions on a single object or toy by manipulating, banging, moving, 
dropping, etc. 

• Simple actions relating two or more objects, toys or other materials without 
regard for the specific features of the objects toys or materials.  
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• Actions relating two or more objects, toys or materials with regard to 
specific features, e.g., lid on box, cup on saucer.  

• Actions relating objects, toys or materials symbolically, for example, feeding 
or dressing a toy animal or doll.  

• Actions involving pretence, substituting a novel object, body part or body 
movement to enact a situation or event, for example, pretending that a 
block of wood is a car, pretending that a rolled up cloth is a doll. 

The various possible play activities and how they can be used for learning are discussed in 
the first cluster of Critical Factors concerning play: the possible limitations regarding this type 
of activity are analysed within this context.  
Motor impairments make it difficult to fully or even partially develop play modes that involve 
the action and manipulation of one or more objects. For non-severe impairments in moving 
the upper limbs, this problem can be partially solved by choosing objects that are not too 
small, by placing them in special positions, by using materials that make them easier to hold 
or by putting them on the play surface, etc. (Wilcox et al, 1999). 
The greater the motor impairment, the bigger the problems in allowing the child to play by 
interacting with objects and games. In extreme cases the only possibility is to use electric 
adaptations to activate simple battery-powered games using one or more sensors. 
These objective problems also end up affecting the attitudes of parents who tend to loose 
their natural ability to promote effective sessions of play and experimentation. 
Experiments with technologically more sophisticated systems have been carried out and 
have produced encouraging results.  
At SIVA (Italy), by using some auxiliary devices (an input interface such as a joystick or 
sensors and an output interface electrically connected to toys), the computer has become a 
tool to control the battery-powered or electric toys available in today’s market, allowing the 
child «to activate the toy in the way he/she wants, by giving the right input, or the sequence 
of inputs, from the computer. Consequently, children can make experimentation, verify the 
results of their actions, test and try other possibilities, modify their previous hypotheses… in 
other words, they can act by themselves on the world around them, thus creating their own 
learning» (Besio, 2001). 
Instead, Austrian researchers from the ARC have created a robot system that allows children 
with severe motor impairments to use the traditional Lego construction blocks. The results 
were positively evaluated based on the increase in the number of blocks used, area covered, 
complexity of the construction, duration of the sessions and greater variety of the types of 
block used (Kronreif et al., 2005). 
Since play is a tool that allows the child to develop cognitive and relational skills, being 
unable to freely and extensively access the sensorimotor type of play activity through the 
manipulation of objects obstructs the development of the subsequent stages in which the 
object acquires a symbolic and representative value (Besio, 2003).  
Limitations involving this type of activity are instead characteristics of autistic children, for 
which the deficits in this area are one of the diagnosis criteria. «Children with autism 
developed fewer sequences of three or more related acts, exhibited fewer doll-related 
actions, manipulate and combine toys based on physical properties, rather than engaging in 
object substitution. Although they have significant deficiencies in self-generated free play, 
some children with autism are able to respond to adult-structured object play» (Vig, 2007). 
Despite the fact that the greater limitations for this type of subject concern symbolic play, 
there are characteristic behaviours also in activities relative to the use and manipulation of 
objects, such as: «Stereotyped actions, repetitively tapping, rubbing, and shaking toys, 
attachment to non-toy objects (Rubber bands, paper clips, small pieces of paper), 
accompanying play with hand mannerisms (hand flapping, finger wriggling)» (Vig, 2007). 
Finally, the play activities of children with mental retardation exhibit some peculiar aspects: 
«interest in physical, rather than representational properties of objects, more time spent in 
non-specific manipulation (touching, holding, sliding across a surface, dropping, throwing, 
mouthing), less sustained involvement with toys, less variety of play actions (more repetition, 
fewer toys combined, fewer sequential combinations), less elaboration of themes, less goal-
directed behaviour, more passivity» (Vig, 2007). 
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2.2.2.3. Acquiring language 
Developing the competence to represent persons, objects, events and feelings 
through words, symbols, phrases and sentences 

• Acquiring single words or meaningful symbols: Learning words or 
meaningful symbols such as graphic or manual signs or symbols.  

• Combining words into phrases: Learning to combine words into phrases.  
• Acquiring syntax: Learning to produce appropriately constructed sentences, 

or set of sentences. 

In the experiences reported in the literature, the phase prior to the beginning of the 
experimental tests includes an evaluation of the skills of the subjects involved. The 
assessment of linguistic skills is particularly important in order to evaluate any improvements 
linked to the intervention. This occurs for example in the study by Cook et al. in which the 
subjects with severe motor disabilities involved in the experiment with the robot arm, before it 
began, are linguistically evaluated and divided into 3 groups. The group with the greater skills 
in terms of both understanding and producing (symbolic) language exhibits significant 
improvement in linguistic production at the end of the experiment (Cook et al., 2005). 
But such improvements sometimes are not just one of the many aspects on which to 
evaluate the outcome of the intervention. They can become their main objective, as in the 
experiment by Marti & Lund (2005) in which the manipulation and assembly of various blocks 
representing the linguistic contents is used to facilitate the learning of the structures of the 
sentence, logic and grammar. 
The development of linguistic skills is also closely related to symbolic play in which the child, 
while telling a story or describing an action out loud, describes objects, actions and feelings. 

2.2.2.4. Rehearsing 
Repeating a sequence of events or symbols as a basic component of learning, 
such as counting by tens or practising the recitation of a rhyme with gestures, 
counting by tens or practising the recitation of a poem. Inclusion: deferred 
imitation of  an action or a behaviour. 

This activity is a common mean  used for learning sequences of sentences or gestures, it 
could be an evolution of imitation activities where the imitation can take place in different 
moment and place. A robot could be a useful partner with a single child at home or in a class. 
The 3D instruction could in this case help children with cognitive impairments such as mental 
retardation.  

2.2.2.5. Acquiring skills 
Developing basic and complex competencies in integrated sets of actions or 
tasks so as to initiate and follow through with the acquisition of a skill, such as 
manipulating tools, toys, or playing games like chess. 

• Acquiring basic skills: Learning elementary, purposeful actions, such as 
learning to wave in response, to manipulate toys, simple tools, and eating 
utensils.  

• Acquiring complex skills: Learning integrated sets of actions so as to follow 
rules, and to sequence and coordinate one's movements, such as learning 
to play games like football or to use a building tool.  

In the specific case for the study being analysed, aimed mainly at developing social skills 
through play, attention is focused on learning complex skills that allow the child to interact 
with peers or adults according to the predefined rules set out in the game.  
For example, starting from the simple action of imitating the movements of a robot that looks 
like a doll, autistic children acquire (or attempt to acquire) the turn-taking rule (Dautenhahn & 
Werry, 2004). 
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For a child with motor disabilities even learning to use an interface system to control a game 
(whether it is software, a robot or an adapted toy) represents the acquisition of a complex 
skill.  
On the contrary, the use of a sensor for a cause activity is a simple skill and in this case 
should be considered a necessary prerequisite to carry out a complex task and not an 
objective in and of itself (Cook et al., 2005). 

2.2.3. Application of knowledge 
Application of knowledge is really linked to play activity: focusing attention is necessary for 
sensory exploration, solving problem and making decision is developed through symbolic 
and rule play, maintaining attention is necessary to carrying out a task. Other ICF-CY items, 
as calculating, reading, writing  seem at this level not in the scope of this project. 

2.2.3.1. Focusing attention 
Intentionally focusing on specific stimuli, such as by filtering out distracting 
noises. 

• Attending to the human touch, face and voice: Intentionally focusing on the 
human touch, face and voice. 

• Attending to changes in the environment: Intentionally focusing on changes 
in the environment. 

Focusing attention is closely related to the specific mental function of attention and the 
activity called “Purposeful sensory experiences”. It affects participation in learning activities, 
the ability to complete one or more tasks, communication and interpersonal relationships. 
At the moment in which attention is focused on a person or on the surrounding environment 
all senses are oriented toward the perception of any changes. This activity can be stimulated 
differently depending on the individual characteristics of the subject involved.  
For autistic subjects sudden or rapid changes tend to distract attention, leading to escape 
behaviours. This is also linked to the difficulties they have in maintaining visual contact with 
persons and in interacting with them, since they are too “changing and unpredictable”. Thus, 
in order to focus attention, simple and repetitive activities must be proposed, and in familiar 
environments, introducing minimum changes and eventually verbally stimulating to focus 
attention on proposed activities and objects. 
In the presence of cognitive disabilities and mental retardation, focusing attention can occur 
in a non-functional manner, concentrating on a single object and carrying out repetitive 
activities, stereotyped without interactions with others (Robins & Dautenhahn, 2006). 

2.2.3.2. Directing attention 
Intentionally maintaining attention to specific actions or tasks for an appropriate 
length of time. 

When deciding in which modality to carry out an activity, it is also important to consider the 
ability of the child to keep attention focused for a sufficiently long period of time. This time 
certainly depends on the intrinsic functions of the child, but also on the characteristics of the 
activity that must adapt to such functions.  
In general, the more the child is actively involved, the more he/she is stimulated through 
various channels of interaction, and the more he/she is emotionally involved in the activity, 
the greater the attention time (see also specific attention mental functions). In addition, the 
presence of an adult providing verbal stimulation, including instructions or assistance, helps 
to extend the attention time. Even the possibility of carrying out a task in a group or, in any 
case, with peers extends the attention time since there is greater emotional involvement and 
the natural motivation to interact socially.  
On the contrary, in other cases, to keep attention focused longer the amount of stimuli must 
be reduced, since they represent a distraction and not an aid.  
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If the proposed activity is designed based on individual characteristics it should help to bring 
out and develop the child’s potential and this should correspond to an increase in the ability 
to maintain attention on that activity. 

2.2.3.3. Thinking 
Formulating and manipulating ideas, concepts, and images, whether goal-
oriented or not, either alone or with others, with types of thinking activities, such 
as pretending, playing with words, creating fiction, proving a theorem, playing 
with ideas, brainstorming, meditating, pondering, speculating, or reflecting. 

• Pretending: Engaging in make-believe activities involving imaginary 
persons, places, things or events.  

• Speculating: manipulating ideas, concepts, or images by guessing or 
assuming something based on incomplete facts or information. 

• Hypothesizing: Manipulating ideas, concepts or images involving the use of 
abstract thought to state or to test unproven facts. 

The most evolved stage of play, both symbolic and based on rules, directly involves thinking. 
When disabilities are involved, this development stage is not always achieved or if it is, in 
general, this occurs more slowly and with much more limited results in terms of complexity 
and duration of the activity. 
This occurs differently depending on the type of disability. Autistic children have a marked 
deficit in pretending as demonstrated by their inability to engage in object substitution, use of 
a doll as an agent, or imaginary actions with toys. In some cases, under the guidance of an 
adult, they can carry out symbolic types of activities with toys, but in this case it is a learned 
activity and not self-initiated. This limitation is also exhibited by the inability of foreseeing and 
imagining the behaviour of persons or the possible changes in the environment, of attributing 
a different meaning from the literal one (metaphors) and of creating and imaging stories.  
In the presence of motor disabilities, limitations involving this type of activity can be attributed 
to impaired mental functions or because the experiences that allow the child to develop 
through sensorial exploration and motor play and social relationships were restricted by the 
difficulties in manipulating objects, movements, and communication. 

2.2.3.4. Solving problems and making decisions 
Finding solutions to questions or situations by identifying and analysing issues, 
developing options and solutions, evaluating potential effects of solutions, and 
executing a chosen solution, such as in resolving a dispute between two people.  
Making a choice among options, implementing the choice, and evaluating the 
effects of the choice, such as selecting and purchasing a specific item, or 
deciding to undertake and undertaking one task from among several tasks that 
need to be done. 

The activities in question require, as underlying perquisites, thought and high-level cognitive 
functions and contribute to their development at the same time. Many play activities, 
especially if they involve rules, require problem solving and decision making, and thus 
represent a testing and development field for the mental functions linked to them. The 
proposed level of complexity should match the child’s possibilities. 

2.2.4. General tasks and demands 
This chapter is about general aspects of carrying out single or multiple tasks, 
organizing routines and handling stress. These items can be used in conjunction 
with more specific tasks or actions to identify the underlying features of the 
execution of tasks under different circumstances. 
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2.2.4.1. Undertaking single/multiple task 
Carrying out simple or complex and coordinated actions related to the mental and 
physical components of a single task, such as initiating a task, organizing time, 
space and materials for a task, pacing task performance, and carrying out, 
completing, and sustaining a task. 
Carrying out simple or complex and coordinated actions as components of 
multiple, integrated and complex tasks in sequence or simultaneously.  
Inclusions: undertaking multiple tasks; completing multiple tasks; undertaking 
multiple tasks independently and in a group. 

Cognitive skills clearly affect a child’s possibilities to perform a given activity, but such 
possibilities also heavily depend, as we have seen, on motivational factors and on the 
emotional involvement in that activity.  
In general, the experiences reported in the literature with disabled children in a rehabilitation 
environment involve single activities, such as using Lego constructions with the Playrob robot 
system, the imitation and turn-taking game with the doll robot, and controlling an electric train 
using a computer. These activities are carried out by the child without any others peers, but 
with the support of an adult. 
The fact that the child can gradually control component actions and incorporate these into 
more complex sequences to complete the tasks and that he/she can do so with less and less 
assistance is interpreted as a positive result with regard to developing his/her cognitive skills 
(Cook et al., 2005). 
On the contrary, in the educational environment, efforts focus in general on multiple tasks, 
possibly carried out in groups, such as making up a story or putting on a play (Rizzo e al., 
2003). In this case, the objective is not only to improve performance but, above all, to 
develop and improve social skills. 
Depending on the objectives and skills of the child, the proposed activities may be single or 
multiple, simple or complex, carried out independently or with assistance, by themselves or 
in a group. 

2.2.4.4. Handling stress 
Carrying out simple or complex and coordinated actions to manage and control 
the psychological demands required to carry out tasks demanding significant 
responsibilities and involving stress, distraction, or crises, such as taking exams, 
or being involved with a large group of children or finishing a task with a time 
limit. 

Limitations in intrapersonal functions may affect the ability to manage stress caused by some 
particular situations. To ensure that the activity proposed to the child fosters development of 
skills and social interactions, it is necessary to know what components may cause the child 
to feel stress, in order to avoid them. 

2.2.4.3. Managing one’s own behaviour  
Carrying out simple or complex and coordinated actions in a consistent manner in 
response to new situations, persons or experiences, such as being quiet in a 
library. 

• Accepting novelty: Managing behaviour and expression of emotions in an 
appropriate accepting response to novel objects or situations. 

• Approaching persons or situations: Managing behaviour an expression of 
emotions in an appropriate pattern of initiating interactions with persons or 
in situations. 

At the time in which a new activity is proposed to a child, it is important to consider how that 
child will react to the new situation. This is linked to the child’s intrapersonali mental functions 
and to how and from whom the activity is proposed.  
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For some disabled children, such as the case involving autism, «the need to maintain 
sameness and resist any change is very strong in order to moderate potentially overpowering 
sensory stimulus. This might extend to the general environment and any change or 
movement of furniture in a room, for example, can cause distress» (Robins et al., 2006). 
For this reason, experiments are often conducted in places that the subjects are already 
familiar with and using operators who thanks to their presence help to reduce possible cause 
of stress (Robins et al., 2005). 
Despite such precautions, these children still have problems in getting close to persons and 
objects. Therefore, the professionals involved in the experiment must be adequately 
prepared, so as to stimulate them to interact, and be capable of recognising any possible 
approach, reacting in an appropriate manner (Robins & Dautenhahn, 2006). 
For what concerns motor disabilities, the approach to new stimuli and to persons can be 
characterised by passivity and a lack of interest due to the deficiency of the possible 
interaction modalities. Also in this case, the role of the adult is of fundamental importance to 
establish a relationship with the child that simulates him/her to interact.  

2.2.5. Communication 
This chapter is about general and specific features of communicating by 
language, signs and symbols, including receiving and producing messages, 
carrying on conversations, and using communication devices and techniques. 

The communication activity basically consists of two interactions, one involving “reception” of 
messages and one “production”. In both cases, there can be two types of modalities: a verbal 
one, through spoken messages and a non-verbal one, through signs, symbols and gestures. 
A third type of communication occurs during the production phase based on vocalisations, 
i.e. non-articulated sounds that represent a kind of pre-verbal communication. 
Various types of limitations linked to body functions can be additional causes of the problems 
relative to the communication activity: cognitive limitations in the language area, sensory as 
well as motor impairments. Regardless of the cause, «when children have special interaction 
and communication needs their social, emotional, educational, and creative development, 
can be impeded, further reducing their ability to function in society» (Hornof & Cavender, 
2005). 

2.2.5.1. Communicating with – receiving – spoken messages: 
Comprehending literal and implied meanings of messages in spoken language, 
such as understanding that a statement asserts a fact or is an idiomatic 
expression, such as responding and comprehending spoken messages. 

• Responding to the human voice: responding to the human voice in a very 
basic manner reflected by changes in breathing patterns, or with gross or 
fine body movements. 

• Comprehending simple spoken messages: responding appropriately in 
actions or with words to simple spoken messages (2-3 words) such as 
requests (e.g. give me) or commands (e.g. no, come here). 

• Comprehending complex spoken messages: responding appropriately in 
actions or words to complex spoken messages (complete sentences), such 
as questions or instructions. 

The limited understanding of spoken language is generally related to cognitive disabilities.  
For both motor disabilities and autism there may be cognitive problems lead to receptive 
language delay.  
For what concerns the first group of children, this delay may be aggravated by the fact that in 
general, developing children learn cognitive and linguistic skills through the manipulation of 
objects, often in a play context and therefore due to the motor impairments the experiences 
that allow for such development are significantly reduced (Cook et al, 2005). 
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For this reason, expanding their motor and sensory experiences through the use of robot 
technologies should have an effect on their communication opportunities. 
For what concerns autistic children, the distinguishing feature of their comprehension 
difficulties is the inability to understand verbal messages without a strictly literal meaning, 
such as metaphors, play on words, and idiomatic phrases. 

2.2.5.2. Communicating with – receiving – nonverbal messages 
Comprehending the literal and implied meanings of messages conveyed by 
gestures, symbols and drawings, such as realizing that a child is tired when she 
rubs her eyes or that a warning bell means that there is a fire.  Inclusions: 
communicating with - receiving - body gestures, general signs and symbols, 
drawings and photographs. 

• Communicating with - receiving - body gestures: Comprehending the 
meaning conveyed by facial expressions, hand movements or signs, body 
postures, and other forms of body language. 

• Communicating with - receiving - general signs and symbols: 
Comprehending the meaning represented by public signs and symbols, 
such as traffic signs, warning symbols, musical or scientific notations, and 
icons.  

• Communicating with - receiving - drawings and photographs: 
Comprehending the meaning represented by drawings (e.g. line drawings, 
graphic designs, paintings, three-dimensional representations), graphs, 
charts and photographs, such as understanding that an upward line on a 
height chart indicates that a child is growing. 

«Humans have a special ability to see invisible mental states in visible postures and 
movements. This ability enables us to engage in social activities, or communication in a 
broad sense, where we cooperate with, and sometimes compete against others. Because 
they have difficulties in understanding gestures and facial expressions, autistic children have 
difficulty in developing the ability to understand other minds and thus display certain 
disorders in pragmatic communication in daily life» (Kozima et al., 2004). 
The use of robot technologies, providing a simplified environment that also adapts to the 
child’s individual development, may help to improve the understanding of these non-verbal 
messages. 
The ability to understand symbols and drawings must also be considered for the case in 
which such modalities are used for the robot-child interaction: for example, if an activation 
and control button has an identifying symbol or if the robot responds and interacts through 
the visualisation of drawings and symbols on a display. 

2.2.5.3. Communicating - Producing - Speaking  
Producing words, phrases and longer passages in spoken messages with literal 
and implied meaning, such as expressing a fact or telling a story in oral language. 

Having good comprehension of spoken language does not always mean that there is the 
same good level of producing words and sentences. There may be problems with articulation 
or producing sounds, linguistic expression and grammatical and syntactical organisation. In 
the first case, the not being able to express oneself correctly and in a clear manner that 
everyone can understand may reduce the number of communication attempts, especially if 
the surrounding environment is not adequately prepared to welcome and encourage them. In 
these cases, the use of IT voice recognition that is sufficiently sophisticated to adapt to the 
type of speech may stimulate practice (Kozima et al., 2004) and represent an aid for 
translation. In the second case, because the development of communication is linked above 
all to mental functions, various approaches must be integrated.  
If one of the possible means of interaction with the robot is voice recognition, it must be able 
to be adapted to the quality of the voice and the content of the message.   
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Instead, some subjects may have verbal communication problems since, by refusing any 
social interactions, they tend not to use the relative instruments, whether that means just 
exchanging glances or answering verbally. 

2.2.5.4. Communicating – producing – pre-talking 
Vocalizing when aware of another person in the proximal environment, such as 
making a sound when the mother is close; babbling; babbling in turn-taking 
activities; vocalizing in response to speech through imitating speech-sounds in a 
turn-taking procedure. 

Many of the studies analysed involved children who express themselves through simple 
vocalisations. They do not express real words but moods, joy, participation or fear, anger or 
discomfort. Even if the objectives of such interventions are different, one of the positive 
effects is often an increase in vocalisations while doing activities or in a different context. 
This is interpreted as a sign of greater participation and involvement. Also in this case it 
would be interesting to recognise the various sounds, attributing a meaning and a special 
feedback to them. 

2.2.5.5. Communicating – producing – nonverbal messages 
Using gestures, symbols and drawings to convey messages, such as shaking 
one's head to indicate disagreement or drawing a picture or diagram to convey a 
fact or complex idea. Inclusion: producing body gestures, signs, symbols, 
drawings and photographs. 

Although some children have severe expressive limitations, they have enormous 
communication potential in terms of gestures and facial expressions. Even if they cannot 
write and speak, some can appropriately communicate through symbolic language. The 
development of this communication potential, obtained by encouraging expressions and 
gestures and increasing the number of symbols used and even the complexity of their 
combinations, is one of the objectives to improve social interaction. Obviously, knowledge of 
individual means of expressing oneself is a prerequisite for a proper interaction between a 
child and a robot.  
The main characteristic of this autistic spectrum is, on the contrary, the lack of gestures and 
expressive communication: these children not only do not understand this type of 
communication but are unable to produce it: they find alternative means of exhibiting 
feelings, such as discomfort and joy. Therefore, to foster the social interaction efforts must be 
made in the area of understanding and production. 

2.2.6. Mobility 
This chapter is about moving by changing body position or location or by 
transferring from one place to another, by carrying, moving or manipulating 
objects, by walking, running or climbing, and by using various forms of 
transportation. 

In this context, the activities related to mobility were divided into three groups: the mobility 
that involves the body, from maintaining a position to transferring to another location, and 
from walking to moving in a wheelchair; the mobility that involves actions on objects whether 
they are carried out with the upper limbs or with other parts of the body, and fine dexterity 
that makes it possible to grasp a pencil or press on a keyboard. The opportunities in each of 
these areas affect the opportunities and modes of interacting with the robot. 

2.2.6.1. Mobility (body) 
• Maintaining a body position: Staying in the same body position as required, 

such as remaining seated or remaining standing for carrying out a task, in 
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play, work or school. Inclusions: maintaining a lying, squatting, kneeling, 
sitting and standing position.  

• Transferring oneself: Moving from one surface to another, such as sliding 
along a bench or moving from a bed to a chair, without changing body 
position. Inclusion: transferring oneself while sitting or lying.  

• Walking: Moving along a surface on foot, step by step, so that one foot is 
always on the ground, such as when strolling, sauntering, walking forwards, 
backwards, or sideways.  Inclusions: walking short or long distances; 
walking on different surfaces; walking around obstacles.  

• Moving around: Moving the whole body from one place to another by 
means other than walking, such as climbing over a rock or running down a 
street, skipping, scampering, jumping, somersaulting or running around 
obstacles. Inclusions: shuffling and crawling, climbing, running, jogging, 
jumping, and swimming. 

• Moving around using equipment: Moving the whole body from place to 
place, on any surface or space, by using specific devices designed to 
facilitate moving or create other ways of moving around, such as with 
skates, skis, or scuba equipment, or moving down the street in a 
wheelchair or a walker. 

The activity involving the robot, which takes place in a real, three-dimensional environment, 
is fraught with problems linked to the child’s position and mobility. It’s possible that these 
children must maintain a given position in order to control the robot and interact with it, or 
must move to follow it or get away from it. The possibilities the child has to carry out these 
actions are of fundamental importance and the environment and the robot must be adapted 
to match these possibilities: if the child can remain seated comfortably the robot must move 
within his/her visual field; if the child can move for brief distances, the robot must always be 
in his/her range of action and so on. Obviously, the child must have all aids, such as posture 
and mobility systems, that will allow him/her to carry out the activity as effectively as 
possible. 

2.2.6.2. Mobility (objects) 
Lifting and carrying objects: Raising up an object or taking something from one 
place to another, such as when lifting a cup or carrying a toy or equipment from 
one room to another. Inclusions: lifting, carrying in the hands or arms, or on 
shoulders, hip, back or head; putting down. 

• Lifting: Raising up an object in order to move it from a lower to a higher 
level, such as when lifting a glass from the table.  

• Carrying in the hands: Taking or transporting an object from one place to 
another using the hands, such as when carrying a drinking glass or a 
suitcase. 

• Carrying in the arms: Taking or transporting an object from one place to 
another using the arms and hands, such as when carrying a pet or a child 
or other  large object. 

• Carrying on shoulders, hip and back: Taking or transporting an object from 
one place to another using the shoulders, hip or back, or some combination 
of these, such as when carrying a large parcel or school-bag 

• Putting down objects: Using hands, arms or other parts of the body to place 
an object down on a surface or place, such as when lowering a container of 
water to the ground. 

• Moving objects with lower extremities: Performing coordinated actions 
aimed at moving an object by using the legs and feet, such as kicking a ball 
or pushing pedals on a bicycle. Inclusions: pushing with lower extremities; 
kicking. 

• Pushing with lower extremities: Using the legs and feet to exert a force on 
an object to move it away, such as pushing a chair away with a foot. 
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• Kicking: Using the legs and feet to propel something away, such as kicking 
a ball. 

 
Hand and arm use: performing the coordinated actions required to move objects 
or to manipulate them by using hands and arms, such as when turning door 
handles or throwing or catching an object. Inclusions: pulling or pushing objects; 
reaching; turning or twisting the hands or arms; throwing; catching.  

• Pulling: Using fingers, hands and arms to bring an object towards oneself, 
or to move it from place to place, such as pulling a string or closing a door. 

• Pushing: Using fingers, hands and arms to move something from oneself, 
or to move it from place to place, such as when pushing a toy or an animal 
away.  

• Reaching: Using the hands and arms to extend outwards and touch and 
grasp something, such as when reaching across a table or desk for a book.  

• Turning or twisting the hands or arms: Using fingers, hands and arms to 
rotate, turn or bend an object, such as is required to use toys, tools or 
utensils.  

• Throwing: Using fingers, hands and arms to lift something and propel it with 
some force through the air, such as when tossing a ball.  

• Catching: Using fingers, hands and arms to grasp a moving object in order 
to bring it to a stop and hold it, such as when catching a ball.  

The various play activities may require interaction with other objects, such as a ball, a doll or 
with the robot itself. These may be transported, pushed, thrown, grabbed, etc.: the possibility 
of the child to carry out these actions, eventually using appropriate aids, must be carefully 
evaluated. 
In some cases reported in the literature, the robots become the tool for carrying out these 
actions. 

2.2.6.3. Mobility (fine hand use) 
Performing the coordinated actions of handling objects, picking up, manipulating 
and releasing them using one's hand, fingers and thumb, such as required to lift 
coins off a table or turn a dial or knob.  Inclusions: picking up, grasping, 
manipulating and releasing. 

• Picking up: Lifting or taking up a small object with hands and fingers, such 
as when picking up a pencil.  

• Grasping: Using one or both hands to seize and hold something, such as 
when grasping a tool or a door knob. 

• Manipulating: Using fingers and hands to exert control over, direct or guide 
something, such as when handling coins or other small objects, cutting with 
scissors, tying a shoelace, filling in colouring books, o using chopsticks or 
knife or fork 

• Releasing: Using fingers and hands to let go or set something free so that it 
falls or changes position, such as when dropping an item of clothing or a 
toy.  

• Fine coordinated hand use: Using fingers and hands to carry out 
coordinated actions (such as cutting with scissors). 

Fine hand use is an activity necessary for the first play activities: to grab objects, to transfer 
them from one hand to another, to let them fall and pick them up are actions that the child 
does to become familiar with and explore the world that surrounds him/her. If this experience 
is not acquired due to motor problems, cognitive development may be significantly limited 
and it will be very difficult for any skills that may be present to emerge. In general, motor 
limitations that prevent the child from independently manipulating objects tend to make the 
child be perceived as having a greater delay in development (Cook et al, 2005). 
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In general, in experiences in which this type of children were placed in the conditions in 
which they interacted independently with the environment using robot (Cook et al., 2005; 
Kronreif et al., 2005) or computer technologies (Besio, 2003) their potential exceeded 
expectations. 
The method of interacting with the robot must be adapted to match the fine hand use of the 
children, selecting for example adequately large keys that can be activated even with rough 
movements of the limbs, the body or the head. Instead, to choose and personalise the 
appropriate interface so that even minimum residual motor capacities can be fully exploited, 
it becomes of fundamental importance to know, at an individual level, the possibilities of the 
single subject. 
The diffusion and applicability of eye-control interface systems have increased significantly in 
recent years. 
Finally, it should be noted that, within the limits of the possibilities provided by the 
neuromusculoskeletal functions, often strong motivation allows children, with the support of 
special professionals, to implement motor control strategies that at first glance may appear 
impossible. Similarly, without any motivation, even an apparently easy movement will be 
ineffective. 

2.2.7. Interpersonal interactions and relationships 
This chapter is about carrying out the actions and tasks required for basic and 
complex interactions with people (family members, friends, relatives, adults in the 
proximal environment, and strangers) in a contextually and socially appropriate 
manner. 

The individual mental functions (orientation to person, global psychosocial functions sharing 
attention, emotional functions, mental functions of language), sensory functions, voice and 
speech functions, some activities such as focusing and maintaining attention, thinking, 
solving problems, making decisions, managing one's own behaviour, as well as 
communication and social skills are all aspects that must be considered along with the 
contextual factors to permit or limit participation in interpersonal interactions and social 
relationships.  
In fact, the main objective of the project is to improve social interaction that must go through 
the development of the aforementioned functions and activities. 
Thus, evaluation of the outcome of an intervention is often assessed in terms of improvement 
of the social interaction with peers, family members and operators whether it occurs as an 
increase in vocalisations during the scholastic activities or if it is evaluated through body 
contact with the experimenter. 

2.2.7.1. General interpersonal interactions  
Basic interpersonal interaction. Interacting with people in a contextually and 
socially appropriate manner, such as by showing consideration and esteem when 
appropriate, or responding to the feelings of others. Inclusions: showing respect, 
warmth, appreciation, and tolerance in relationships; responding to criticism and 
social cues in relationships; and using appropriate physical contact in 
relationships.  
Complex interpersonal interaction: Maintaining and managing interactions with 
other people, in a contextually and socially appropriate manner, such as by 
regulating emotions and impulses, controlling verbal and physical aggression, 
acting independently in social interactions, and acting in accordance with social 
rules and conventions. Inclusions: forming and terminating relationships; 
regulating behaviours within interactions; interacting according to social rules; 
and maintaining social space.  

The various characteristics of autism include the difficulties in forming social relationships 
due to the inability to understand others’ intentions, feelings and mental states, in 
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understanding gesture and facial expressions, and in comprehending metaphors. In addition, 
people with autism usually show little reciprocal use of eye contact. They rarely get engaged 
in interactive and symbolic games, the activities that allow the child to experiment with and 
develop new ways of relating to himself/herself and with others. 
As demonstrated by the works of the Adaptive Systems Research Group of the University of 
Hertfordshire, anthropomorphic robots that offer a simplified and adaptable context in which 
to test basic relation-oriented activities, such as imitation and turn-taking, can be used to 
develop different levels of interaction with that robot over time, in the hopes of being able to 
convey these new skills to the human interaction level. 
In case of communication limitations through spoken language the interpersonal 
relationships can be limited under various aspects, in general linked to a lack of 
independence in managing relationships. This is the case in which an interpreter is required 
to make others understand the not perfectly articulated language or the way of using symbols 
or signs unfamiliar to others, or finally to interpret the meaning of a glance on a transparent 
panel. 
Finally, children with motor impairments as well as autistic children may have problems in 
which they have poor control over their emotions and impulses and they react aggressively 
either by escaping or by closing down, acting in a way that does not comply with the rules 
and social expectations. 

2.2.7.2. Particular interpersonal relationships – Informal social relationships 
Informal social relationships: Entering into relationships with others, such as 
casual relationships with people living in the same community or residence, or 
with co-workers, students, playmates or people with similar backgrounds or 
professions.  

As already mentioned, the various limitations described may have effects on the ability to 
enter into a relationship with others. As far as children are concerned, this means entering 
into a relationship with classmates or, more generally, with peers.  
In some of the experiences reported in the literature, technologies are used during sessions 
in which the child is alone with operator or with teachers. Therefore, based on the evaluation 
of the positive effects of these interventions in terms of interaction in the class with peers we 
can propose or hope to extend tests to contexts in which the activity involving technologies is 
carried out in the presence of one or more peers, so that cognitive development will be 
supported and affects social development.  
In a similar manner, the work with autistic children can be carried out in various ways, 
including the one in which the experimenter enters into a relationship with the child to 
stimulate or share experiences with him/her, or in which two or more children share the 
activity in which the robot becomes the subject of the shared attention. 
The ability of the child to interact with others is also affected by the context in which he/she 
grows up: the fact of being integrated or not in groups that include what are considered to be 
“normal” children may have an enormous influence.  

2.2.7.3. Particular interpersonal relationships – Family relationships 
Creating and maintaining kinship relationships, such as with members of the 
nuclear family, extended family, foster and adopted family and step-relationships, 
more distant relationships such as second cousins, or legal guardians. Inclusions: 
parent-child and child-parent relationships, sibling and extended family 
relationships.  

• Parent-child relationships 
• Child-parent relationships 
• Sibling relationships 
• Extended family relationships 

Relationships with family members, in general, have limitations that are similar to those that 
were previously described. 
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In general, autistic children limit the interpersonal relationships through eye contact and 
physical contact even with parents, while children with motor disabilities tend to have a 
relationship in which they strongly depend on their parents. For the case in which a 
communication limitation is also present, the fact that the mother is the preferred contact 
tends to transform her into a single interpreter of the needs and the communications.  
In both cases, acquiring greater mastery of the social interactions can only improve the 
family relationship, even if this does not always occur without some stress. Parents and 
siblings can be very important playmates, since they usually know very well the child and 
his/her limits and possibilities and can act very strictly with him/her. Within an inclusive 
perspective, they also can be a fruitful resource and contribute in bridging the gap between 
the child and the others – peers and the other adults. 

2.2.8. Major life areas 
This chapter is about carrying out the tasks and actions required to engage in 
education, work and employment and to conduct economic transactions 

2.2.8.1. Informal education 
Learning at home or in some other non-institutional setting, such as learning 
crafts and other skills from parents or family members, or home schooling. 

Generally speaking, the PC is now a widely spread instrument, thus contributing to the 
educational occasions offered to children at home and in other contexts; this happens of 
course also in the case of families where children with disabilities live, becoming curious 
about this tool and the activities they can make through it. At the same time, technology is 
becoming more and more present everyday life, and electronic toys, as well as robotic toys, 
can belong to the children’s experience when they are very young (Lindstrand & Brodin, 
.2004). 
At the present time, technological development of TIC focuses attention on the possibility of 
carrying out effective educational and rehabilitative activities at home, under the supervision 
of operators from a remote location. The experience with the GIRT (Gestural Interface and 
Robotic Technology) is an example of such an opportunity: if properly adapted to the child’s 
individual needs, the robot becomes a tool to carry out play activities with a rehabilitative goal 
at home (Lathan & Malley, 2001). 

2.2.8.3. Preschool education 
Learning at an initial level of organized instruction, designed primarily to introduce 
a child to the school-type environment and prepare the child for compulsory 
education, such as by acquiring skills in a day-care or similar setting in 
preparation for school (e.g. educational services provided in the home or in 
community settings designed to promote heath and cognitive, motor, language 
and social development and readiness skills for formal education). 

Regardless of physical age, the skills of children involved in many of the experiences 
reported in the literature often are at a preschool level for what concerns the cognitive and 
social functions and activities.  

2.2.8.4. School education 
Gaining admission to school, engaging in all school-related responsibilities and 
privileges, and learning the course material, subjects and other curriculum 
requirements in a primary or secondary education programme, including 
attending school regularly, working cooperatively with other students, taking 
direction from teachers, organizing, studying and completing assigned tasks and 
projects, and advancing to other stages of education. 
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The important and unique role played by Assistive Technology in the education of students 
with disabilities has been studied and demonstrated since many years. Together with ICTs, 
Assistive Technology is one of the strongest instruments to make these students 
autonomous and to increasingly include them in their communities. 
Successful application of AT requires that professionals responsible for recommending AT 
devices to students and their families acknowledge the complexity and interaction of the 
issues relating to it. Educators seeking to optimise the impact of AT for students with 
disabilities also must consider the several perspectives and sets of values that impact AT 
use: those of the user, parent, specialists, special education teacher, regular classroom 
teacher, teaching assistants, and classmates. Each of these individuals has an important role 
in assuring that technology fulfils its promise to assist, rather than complicate, the process of 
educating students with disabilities (Todis & Walker, 1996). 
Play activities are recognized for their importance in support of the child’s learning and social 
inclusion; for this reason they are often represented in the school curriculum, for example in 
infant schools, but also as play-like activities or didactic games at first and second grade 
schools. Robots as play companions and social mediators can be interesting in the infant 
schools, and they have confirmed their educational potential in many consolidated 
experimentation (Chioccariello et al, 2004, 2003). 
It appears more difficult to use them as such at higher school levels. In this case – as it 
happens for AT – robots could be “assistive” and support the child with disability in doing 
things he or she is not able to do, also in the case of games that have educational purposes. 
Or they can become the real object of learning, a tool for developing abstract thinking and 
problem solving, through simulation and experimentation. 

2.2.8.2. Engagement in play  
Purposeful, sustained engagement in activities with objects, toys, materials or 
games, occupying oneself or with other 

• Solitary play: Occupying oneself in purposeful, sustained engagement in 
activities with objects, toys, materials, games.  

• Onlooker play: Occupying oneself by purposeful observation of the 
activities of others with objects, toys, materials or games but not joining in 
their activities 

• Parallel play: Engaging in purposeful, sustained activities with objects, toys, 
materials or games in the presence of other persons also engaged in play, 
but not joining in their activities. 

• Shared cooperative play: joining others sustained engagement in activities  
with objects, toys or materials or other activities with a shared goal or 
purpose. 

As it has been discussed in Cluster of Factors no. 1 (Factors related to Play), some 
researchers do not agree with this list of play categories, that were proposed by Parten and 
now included in ICF-CY; according to them, the progression here presented toward the 
cooperative play as the final scope, is not the only way to describe play and its development, 
and there are adolescents who play alone while very young children learn to play with their 
peers effectively. 
This is true also in the case of children with some kind of impairment: if cooperative play can 
be impossible for an autistic child, a parallel play can be envisaged for him or her after 
careful and successful education and in controlled contexts through the use of appropriate 
technology. On the contrary, a robotic toy can become the first or unique possibility for 
children with severe motor impairment in making solitary play, a kind of play they never are 
able to do, since they are strongly dependent on the others. 
Autistic children rarely play in a cooperative manner with peers; they prefer to do solitary 
activities, without letting themselves become involved in those being carried out around 
them.  
When severe motor disabilities are involved, all the play activities are excluded and these 
children, if introduced within a social context with peers, often remain only spectators. 
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Sometimes, however, the commitment and preparation of the scholastic environment may 
lead to group games and activities that inserts the child according to his/her ability to realise 
the common project. 

2.2.9. Community, social and civic life – play  
This chapter is about the actions and tasks required to engage in organized 
social life outside the family, in community, social and civic areas of life. 
Play. Engaging in games with rules or unstructured or unorganised games and 
spontaneous recreation, such as playing chess or cards, board games or 
activities with a set of rules (e.g. hide and seek). 

In this item play is considered from the social point of view and it is described as a 
participation activity. For this reason  although it can be a structured activity with rules 
organised by adults, or a spontaneous play among children on a playground, the main 
characteristic is that involve more than one children in a social context with interactions  
among peers.  
For both our categories of disabled children we are thinking of to join to these play activities 
is restricted by their impairments. As regards games and activities involving motor ability as 
running, grasping, seeking and so on motor disabled children cannot have the same 
performances of their peers and for this reason they are naturally excluded. Autistic children 
are instead restricted by their social impairments in such a complex interaction with many 
children with unpredictable behaviour.  
As regards games as  chess or cards autistic children without other cognitive impairment  
can  play with them trough a computer but  often the same game cannot be played in a real 
context which requires human interaction and communication.  
Also for motor disable children this type of play is often impossible with peers because the 
need of an assistive devices and the time required to performs the required action make the 
participation in the real play context difficult. 
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3. FACTORS RELATED TO THE CONTEXT ACCORDING TO ICF-CY 
ICF takes into account the social aspects of disability and does not see disability 
only as 'medical' or 'biological' dysfunction. By including Contextual Factors, in 
which environmental factors are listed, ICF can be used to record the impact of 
the environment on the person’s functioning. 

The second domain of the ICF covers Contextual Factors. The third Cluster relative to 
context includes two classes of Critical Factors, in essence based on the ICF, version for 
children and youth: 

• Environmental factors 
• Personal factors 

A list of Environmental Factors is the first component of Contextual Factors. Environmental 
factors have an impact on all components of functioning and disability.  
Personal Factors are also a component of Contextual Factors but are not classified in ICF 
because of the large social and cultural variance associated with them.  

3.1. Environmental factors 

Environmental factors are organized in the classification to focus on two different 
levels: (a) Individual – in the immediate environment of the individual, including 
settings such as home, workplace and school. Included at this level are the 
physical and material features of the environment that an individual comes face 
to face with, as well as direct contact with others such as family, acquaintances, 
peers and strangers. (b) Societal – formal and informal social structures, services 
and overarching approaches or systems in the community or society that have an 
impact on individuals. This level includes organizations and services related to 
the work environment, community activities, government agencies, 
communication and transportation services, and informal social networks as well 
as laws, regulations, formal and informal rules, attitudes and ideologies. 

The environmental factors are those elements that by their very nature are “external” to the 
person but capable of acting directly on that individual, either positively or negatively, as 
facilitators or as barriers. Hence, this refers to each feature in the context in which the (even 
disabled) child lives and grows: from physical, environmental, social and attitudinal 
conditions to the instruments and adaptations of which that child can utilise. These factors 
can influence the capability and the performance of each person. 
In ICF, environmental factors are organized in sequence from the individual’s most 
immediate to the general. The former are linked closely to the individual (the environment 
and persons in the home, at school…), while the others concern all the formal or less formal 
structures of the society in which one lives and include traditions and unwritten rules as well 
as laws and standards.  
There is a close connection between environmental factors and the components of Body 
Functions and Structures and Activities and Participation: «different environments may have 
a very different impact on the same individual with a given health condition. An environment 
with barriers, or without facilitators, will restrict the individual’s performance; other 
environments that are more facilitating may increase that performance. Society may hinder 
an individual's performance because either it creates barriers (e.g. inaccessible buildings) or 
it does not provide facilitators (e.g. unavailability of assistive devices)» (WHO, 2001). 
We extracted the points of greatest interest for our project from the ICF-CY chapters relative 
to environmental factors: 

• Products and technology 
• Natural environment and human-made changes to environment. 
• Support and relationships  
• Attitudes 
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• Services, systems and policies 

3.1.1. Products and technology 
This chapter is about the natural or human-made products or systems of 
products, equipment and technology in an individual's immediate environment 
that are gathered, created, produced or manufactured. The ISO 9999 
classification of technical aids defines these as "any product, instrument, 
equipment or technical system used by a disabled person, especially produced or 
generally available, preventing, compensating, monitoring, relieving or 
neutralizing" disability. It is recognized that any product or technology can be 
assistive. 
For the purposes of this classification of environmental factors, however, 
assistive products and technology are defined more narrowly as any product, 
instrument, equipment or technology adapted or specially designed for improving 
the functioning of a disabled person. 

Under this item we consider all the products or instruments, both natural and human-made, 
that can be used by persons to carry out various activities. This includes generic instruments 
as well as those specifically designed according to the definition of “technical aids” found in 
ISO 9999: «any product, instrument, equipment or technical system used by a disabled 
person, especially produced or generally available, preventing, compensating, monitoring, 
relieving or neutralizing» disability (ISO 9999: 2nd version). 
Any product or technology can be assistive. For the purposes of environmental factors, 
assistive technologies are defined as any product, instrument, equipment or technology 
adapted or specially designed for improving the functioning of a disabled person.  
Considering the central role of technology in the IROMEC project, it was deemed appropriate 
to further analyze the issue separately in a dedicated Cluster of Factors no. 4 (Factors 
related to Technology and Robotics), focusing here only on some general aspects of the 
subject. In fact, we limited ourselves to macro-considerations that can be made concerning 
the choice and use of products and technologies capable of facilitating communication, play, 
learning and access to culture and to sports. The choice and successful use of technology 
must take place starting form the personal factors but also considering the entire set of 
environmental factors, in particular assessing support, relationship and attitudes. 

3.1.1.1. Products and technology for personal use in daily living 
Equipment, products and technologies used by people in daily activities, 
including those adapted or specially designed, located in, or near the person 
using them. 

• Environmental control units aimed at facilitating individuals’ control over 
their indoor setting (scanner, remote control systems, voice control 
systems, timer switches) 

In the ICF classification products and technology for personal use in daily living are referred 
to technology assisting people in their every day domestic life, such as home automation 
(smart houses) and particularly Environmental Control Units.  
Environmental Control Units (ECU) are devices that enable adults or children with disability 
to control their immediate environment – basically electronic equipment - through alternate 
means, easing every day activities and helping people with disability to  carry on 
independently several tasks (turning on a CD or a DVD player, a TV, switching on and off the 
air conditioning or the ceiling fan, opening and closing doors and windows and more). The 
user interface can be operated by a wide range of  inputs  -   switch’s activations,  speech or 
vocal utterances, eye movements or even  EEG signals -  and can provide visual, acoustic or 
tactile feedback.  ECU are basically used by individuals with severe motor impairments such 
as muscular dystrophy (Paul et al. 2006) or bed restricted ones (Satchell et al. 2001) even if 
some authors report possible benefits coming from environmental control units introduction 
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with cognitive impaired users (Braddock et al. 2004).  Controlling the environment ensures a 
major degree of autonomy, self efficacy and comfort, improving quality of life.  For these 
reasons  many occupational therapy  programs include  specific training on environmental 
control.  
In the last years have been set up environmental control units that work as integrated 
systems allowing the users to operate with the same interface both household appliances 
and other devices (powered wheelchair,  communication devices, toys).  Robotic 
technologies gave a new impulse in the development of integrated  systems for personal 
care, play and  entertainment of people with severe physical disabilities, combining 
environmental control with robotic artefacts such as a robotic arm (Ding et al 2003).    
State of the art of environmental control, offering a wide range of technical solutions,  should 
be considered a critical factor in the IROMEC robot development, especially for the target 
groups of physically impaired and bed restricted children.  

3.1.1.2. Products and technology used to play 
Equipment, products and technologies used by children in structured or 
unstructured play. 

• Objects, materials, toys, and other products used in play by an individual or 
a group. 

• Adapted or specially designed objects, materials, toys and other products 
that assist play such as remote control cars or modified playground 
equipment). 

Within the context of our project, it is important to be able to use technologies that make play 
possible and accessible. One of the barriers affecting many disabled people is the problems 
in using toys; this emerged from the clinical observations and information provided by 
parents during the User Panels organized within IROMEC;

13
 as a consequence, this limits 

the variety of toys that can be used, hence also limiting the different types of play activities 
and the possibility of sharing toys with other children. 
Interacting with a robot toy-system may present similar difficulties. In particular, the child 
must be able to provide input and commands compatible with their features and functions: 
the communication interface must be adequately structured so as to adapt to various 
operating needs. This means utilising elements of personalisation that can be built into the 
system, or ensuring that the system is compatible with existing assistive technologies. It 
should be recalled that each user is different, and often requires different communication 
systems with the robot system and with others in order to reach a common result.  
Play as a key educational factor has been studied by pedagogy throughout its history and is 
considered the main driving force behind a child’s cognitive development. 
The Spanish Toy Research Institute AIJU

14
 is a non-profit organization committed to 

promoting research, safety and quality in the toy sector. It has developed a guide for games 
and toys classified by type with the ESAR system, created by Garon et al. (1996) starting 
from the play activity according to Piaget. The ESAR acronym stands for play involving 
Exercise, Symbols, Assembly and Rules, that can be simple or complex. 
The Institute has classified games and toys into 33 categories, taking into account the 
characteristics and possible uses, with or without adaptations, by disabled children. With 
reference to their study, the following are some features that toys must have to be easily 
manipulated by children: 

• possibility of being controlled with movements that children are capable of making 
and can control; 

• they must be simple to activate, with buttons positioned at such a distance that it is 
not possible to press two at the same time; 

• they must be easy to assemble, and fit into each other; 

                                                 
13 Reichrath/Gelderblom (IRV). IROMEC. Deliverable D1.1., Phase 1, Orientation. Internal document. 
14 AIJU is also one of the partner of the IROMEC consortium. 
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• the dimensions of the “toy furniture”, such as various kitchens and work tables, should 
be, wherever possible, large enough to provide access from the front even by children 
in a pram, or must be able to be disassembled so that pieces can be placed on 
different tables; 

• they must provide easy access to all adjustments and functions; 
• they must be supplied with no-slip devices (Velcro, hooks, clamps); 
• they must not require fast movements or, in any case, it must be possible to adjust 

the game’s response time; 
• they should not require children to make simultaneous movements. 

It is also recommended to provide different types of adaptations of games available on the 
market to make them easier to use, personalising the changes based on the child’s needs. 
Some examples include Velcro, magnets or clamps to fasten the bases of games, doll’s 
clothes with Velcro fasteners, adding cords or handles to make it easier to drag toys, 
changing the dimensions of the toy when it is possible to provide front access, and adding an 
external button to electric toys or similar items.   

3.1.1.3. Products and technology for communication 
Equipment, products and technologies used by people in activities of sending 
and receiving information, including those adapted or specially designed, located 
in, on or near the person using them. Inclusions: general and assistive products 
and technology for communication. 

The ICF classification considers each system that can be used to send/receive 
communications (i.e. audio recorders and receivers, television and video equipment, 
telephone devices, sound transmission systems and face-to-face communication devices, 
not adapted or specially designed) as well as products and technologies that assist people to 
send and receive information. 
This second group includes a wide range of assistive interfaces and technologies that allow 
persons to use their residual capabilities as efficiently as possible, such as specialized vision 
devices, electro-optical devices, specialized writing devices, drawing or handwriting devices, 
signalling systems and special computer software and hardware, cochlear implants, hearing 
aids, FM auditory trainers, voice prostheses, communication boards, glasses and contact 
lenses. 
An extensive analysis of the technologies available for communication, with explicit 
references to the possible benefits for persons with special needs, is contained in Roe 
(2007). European commissioner Viviane Reding’s introduction begins by posing some key 
questions about including the disabled in the information society, in light of the eAccessibility 
initiatives of the COST programme: «For many years, accessibility efforts have been 
concentrated on removing existing barriers. But this is not enough. COST 219 activities have 
been pioneers in preventing eAccessibility problems by promoting a Design for All approach 
for telecommunication products and services. This book addresses the accessibility of next 
generation ICT networks and services running on them. Some of the specific issues in this 
context are: how to ensure accessibility to new IP based communication solutions? What 
features do we need to build in next generation networks to ensure real-time multimodal 
conversations?». 
The text answers these questions by providing an overview of the use of technologies and 
adaptations in relation to various disabilities, and by providing methodological indications that 
designers and developers should always take into account: to insert accessibility criteria from 
when products are first created while illustrating the importance of User participation in 
technology, especially for what concerns the choice of IT instruments in the workplace. 
All this obviously also has a different effect on the development of innovative technologies for 
play. Play is also communication. Playing means interacting with others, with peers; play can 
also be developed through network and communication technologies. 
Among its various objectives, the IROMEC system also aims at being a mediator of the 
interaction and communication processes that arise during and through play. 
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Play can take place in different interaction scenarios, between two or more children, and with 
or without the use of toys. Each recreational moment activates more or less complex 
communication processes to a different extent. The communication might require the use of 
specific technologies or interfaces, for which it should be possible to personalise according to 
the personal characteristics of the child.  
Motor disabilities limit the possibility of a person to interact and to communicate and thus, in 
the child, limit the possibility to play. «This need is especially acute for people with severely 
impaired motor abilities, who cannot move their limbs or speak, such as people with partial 
paralysis resulting from Amyotrophic Lateral Sclerosis (ALS, or “Lou Gehrig’s disease”), brain 
injury, or cerebral palsy. These people are severely limited in their ability to interact and 
communicate with the rest of the world» (Hornof & Cavender, 2005). 

3.1.1.4. Products and technology for education 
Equipment, products, processes, methods and technology used for acquisition of 
knowledge, expertise or skill, including those adapted or specially designed. 
Inclusion: general and assistive products and technology for education. 
Equipment, products, processes, methods and technology used for acquisition of 
knowledge, expertise or skill at any level, such as books, manuals, educational 
toys, computer hardware or software, not adapted or specially designed. 
Adapted and specially designed equipment, products, processes, methods and 
technology used for acquisition of knowledge, expertise or skill, such as 
specialized computer technology. 

The role of information technologies in educational processes is recognised by everyone as 
a positive factor. In school, the use of the computer and of technologies as an educational 
aid has by now been firmly established. Technologies are also recognised as acting as an 
agent that facilitates the introduction of disabled students in school. 
To this regard, even the more recent robotic technologies have extensive value in education: 
they are not only the most effective means relative to scientific subjects, but they also 
encourage imagination and creativity, moving education closer toward play: «Arguably, 
robotics is the most effective way of motivating and supporting the study of many areas of 
the curriculum. The evidence is that robotics also has an impact on children's social skills, 
and helps them develop teamwork skills. Robotics certainly encourages children to use their 
imagination and be innovative in design. The area of robotic art from children remains to be 
investigated, but robotic art already stimulates interest in adults. Robotics may improve 
literacy and encourage creativity. It may motivate children  to write more easily, as they 
document their designs and experiments. In robot competitions, it has been seen that 
children will  integrate robotics into performances that include music, their own poetry, and 
themselves» (Johnson, 2003). 
The multidisciplinary aspect that results is more motivating for the child, who is stimulated to 
learn: is this different from other learning? Robotics is different from other learning modes. It 
is multidisciplinary, and involves more subject areas than other motivating contexts 
(Johnson, cit.). 

3.1.1.5. Products and technology for culture, recreation and sport 
Equipment, products and technology used for the conduct and enhancement of 
cultural, recreational and sporting activities, such as toys, skis, tennis balls and 
musical instruments, not adapted or specially designed. 
Adapted or specially designed equipment, products and technology used for the 
conduct and enhancement of cultural, recreational and sporting activities, such as 
modified mobility devices for sports, adaptations for musical and other artistic 
performance. 

Bruner (1966) developed the idea that the essence of learning is closely related to interactive 
tools that are used to translate experience into a more efficient system of classification. This 
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establishes communication between culture and technology. Bruner primarily refers to 
cultural tools and skills; in this view, language can be considered a technology.  
Critical factors must also include the instruments for activity environments that we consider 
pertinent to play (that is not included in this item), such as equipment, products and 
technology used for the conduct and enhancement of cultural, recreational and sporting 
activities, including those adapted or specially designed. 
Play and movement are in fact the means through which children acquire experience with 
their body and with regard to their relationship with the environment. 
For the ancient Greeks, sporting activities were an essential part of education, in particular 
because of their social aggregation power. The word “sport” appears in England around the 
end of the 15th century, and probably comes from the old French word desport, meaning 
recreation or fun. 
The motor aspect is a predominant factor in the play of smaller children, based on a 
repetition of a simple movement with or without a purpose. Over time, the child is able to 
control such a movement in a precise and coordinated manner, a skill needed when 
assembling games. 
This group of critical elements also includes an evaluation of the child in order to plan work: it 
is only through an effective and comprehensive evaluation of all aspects of the child’s 
development that is becomes possible to choose the most suitable access device as well as 
to propose the best use context (Besio, 2003). 

3.1.2. Natural environment and human-made changes to environment 
This chapter is about animate and inanimate elements of the natural or physical 
environment, and components of that environment that have been modified by 
people, as well as characteristics of human populations within that environment. 

Research has contributed to the definition of support environments and linguistic tools in 
order to discuss robotics. It is important to consider the state-of-the-art in the scientific and 
technological field, and the experiences acquired in the rehabilitation sector, in order to 
assess the effectiveness of the solutions. It is interesting to note how the concept of robotics 
in rehabilitation evolves, leading to the recent definition of “Assistive Environment” (van 
Woerden et al., 2004): «Rehabilitation Robotics is the discipline that deals with applying 
robot technology to rehabilitation and the support of disabled persons. In the robotics world, 
that moved from the idea of robotics (1920) via the introduction in factories (1960), 
Rehabilitation Robotics can be characterised by the development of service robots (1990 
onwards) and is still in an infant stage. Currently a new area is entered with the integration of 
(Rehabilitation) Robotics with environmental control systems and smart home technology in 
ambient intelligent environments. The name of this new dimension is “Assistive 
Environments”». 
Here, from the ICF chapter, we have selected some factors that are only important for play, 
excluding many others linked to outdoor activities (such as Flora and fauna, Climate, Natural 
events...) since they are not as interesting with regards to the purpose of our study, that puts 
the focus on indoor activities.  
With reference to environmental conditions, a Critical Factor may be the ability of a robotic 
system to distinguish between persons, objects and furnishings, reacting in an appropriate 
and a diversified manner. Noisy and cluttered environments may disturb on-board sensors, 
as Salter explains in an article: we are given suggestions on how to structure the 
environment to minimise noise within the robot's sensor readings; the effect of different 
environmental conditions on the infrared readings are catalogued, including boxes and chairs 
(Salter & Dautenhahn, 2004). 

3.1.2.1. Light 
Electromagnetic radiation by which things are made visible by either sunlight or 
artificial lighting (e.g. candles, oil or paraffin lamps, fires and electricity), and 
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which may provide useful or distracting information about the world. Inclusions: 
light intensity; light quality; colour contrasts. 
The nature of the light being provided and related colour contrasts created in the 
visual surroundings, and which may provide useful information about the world 
(e.g. visual information about the presence of stairs or a door) or distractions (e.g. 
too many visual images). 

Light in the environment where play takes place, or light emitted by the toy may have an 
effect on children. For example, for children with limited sight, it is important to create an 
environment with the proper lighting in which it is possible to see the robot (its parts, any 
messages and changes in the surface or of a display) and to see the environment where 
they are, to ensure they can move safely and to improve comfort. 
With regard to light as a property of play itself, even for play-designed robotic systems the 
same considerations apply for creating and choosing standard toys, with respect to lights and 
contrasts. 
Lights and colours can be attractive (to attract attention and the interest of the child), 
informative (to indicate various functions or different states of an object, for example on/off) 
and communicative (to communicate a response to an action). 
Coloured lights and sounds can also become the principle factors in a game or a system, to 
be used in free activities as well as during rehabilitation, as is the case of the “Light&sound 
cylinder” and the “Rolling Pin” projects being developed by the University of Siena. 
«The “Light&sound cylinder” system consists of three types of units [...] The patient can pile 
up LSUs in different configurations, obtaining different local visual and audible feedback. 
Visual feedback is given by six RGB LEDs embedded in each LSU which are able to 
generate any kind of colour. A loudspeaker in the LSU is used for audible feedback (e.g. 
small melodies).  [...] A “RollingPin” consists of a semi-transparent plastic tube with solid end 
caps of black sandblasted plastic (…). The patient has to reproduce the movements of the 
therapist. Each time the task is executed correctly, the “RollingPins” emit the same light and 
sound. The devices get gradually coloured shading from green (minimum input) over 
different colours to red (maximum input) and emitted sounds according to a harmonic scale 
from low tones (minimum input) to higher tones (maximum input). The tools vibrate when the 
sum of the actions reach the maximum output».

15
 

However, it should not be forgotten that if there are no specific needs (such as carrying out 
activities to learn to recognise colours) in all other cases it is appropriate not to use a single 
interactive sensory channel, to facilitate maximum accessibility and to rely on a redundancy 
of “information” (e.g. combining shapes and colours, or sounds and images). Furthermore, 
the presence of various stimuli facilitates learning by those with a mental retardation. We can 
take the principle of “no single information channel” from the accessibility requirements of the 
software in the WAI of the W3C and included in various legislative packages. 

3.1.2.2. Sound 
A phenomenon that is or may be heard, such as banging, ringing, thumping, 
singing, whistling, yelling or buzzing, in any volume, timbre or tone, and that may 
provide useful or distracting information about the world. Inclusions: sound 
intensity; sound quality. 

• Level or volume of auditory phenomenon determined by the amount of 
energy being generated, where high energy levels are perceived as loud 
sounds and low energy levels as soft sounds. 

• Nature of a sound as determined by the wavelength and wave pattern of 
the sound and perceived as the timbre and tone, such as harshness or 
melodiousness, and which may provide useful information about the world 
(e.g. sound of dog barking versus a cat meowing) or distractions (e.g. 
background noise). 

                                                 
15 Marchigiani, Marti, Pollini, Rullo (UNISI). Literature review about play scenarios with robots. Contribution to 
IROMEC task T2.1.1 “First review of play scenarios”. Internal document. 
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Activities with a robot can be based on interaction through sounds (e.g. sound as a means of 
input, or different types of sounds to differentiate the feedback of the robotic system to 
actions carried out by the user, …). Different types and quality of sounds can have 
communicative, informative and control meanings for the user. 
Sound can be an element of attraction, and a channel for interaction suitable for many 
children, such as those with visual or motor impairments.  
The quality of sound is important, especially if play involves activities to develop the ability to 
listen and to discriminate sound stimuli. This is also true for the quality of the voice and its 
understandability, if vocal synthesis is involved. 
Another consideration to be made with respect to the use of sound is the need to be able to 
adjust the intensity or even eliminate it in order to play without being heard by others or 
without disturbing others. 
Sound must not be the only means of interaction: indeed, to guarantee accessibility by 
everyone, based on the accessibility requirements of the software in the WAI of W3C found 
in various legislative packages (e.g. Italian Law 4/2004, Section 508) we can make similar 
considerations like those for the light factor: be careful not to use sound as the only 
information (or interaction) channel since it might become an impediment for children with 
hearing impairments. 
Finally, sound can be a component of the physical environment in which the activity is 
located: natural and artificial sounds coming from outside, voices and sounds of the same 
environment (e.g. school). A very noisy environment might create disturbances for certain 
activities, such as when vocal synthesis or a voice recognition based input system must be 
used.  

3.1.3. Support and relationships  
This chapter is about people or animals that provide practical physical or 
emotional support, nurturing, protection, assistance and relationships to other 
persons, in their home, place of work, school or at play or in other aspects of their 
daily activities. The chapter does not encompass the attitudes of the person or 
people who are providing the support. The environmental factor being described 
is not the person or animal, but the amount of physical and emotional support the 
person or animal provides. 

Among the Critical Factors, we must also consider all the actions and behaviours of the 
persons who interact with the child (behaviours and attitudes that can support or sometimes 
act as an obstacle): the family, the persons related to the child, those outside the family but 
with close and direct ties, and extended bonds.  
The success in using technologies to facilitate the child’s development through play is heavily 
affected by contextual factors, such as emotional support and encouragement by family 
members and by rehabilitation and educational operators. Cooperation from the family, 
clinical and educational environment contribute to the success of each intervention: «we 
noticed that the Assistive Technology specialist and mother that we visited gave their 
children continual constructive feedback and encouragement as the child progressed through 
an activity» (Hornof & Cavender, 2005). 
Robots can facilitate the interaction, even in the family environment, during the play activity 
(non-rehabilitative and not necessarily structured) carried out by the entire family together: 
«the use of the technology to facilitate play and family interaction... Janey is a bright and 
lively 5 year old. Janey’s parents like the GIR-T storytelling function because when one of 
them is away on a business trip, they can create a story over the Web and download it to the 
robot to tell Janey a bedtime story. Janey’s grandmother also likes this storytelling function 
since she lives far away» (Lathan & Malley, 2001). 
Like for assistive devices, even for robots the success of an intervention can be positively 
evaluated at the time in which, at a family level, a way to use the tool within the specific 
context of an unplanned activity is invented or found. This is exemplified in the case 
described by Lathan & Malley (cit.) in which a robot designed for rehabilitative purposes to 
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overcome motor impairments is transformed into a tool to create relations with the family, to 
have fun and to communicate.  
A key factor is the use of play in a group that uses the robot to facilitate social interaction: 
«group play using the GIR-T was one of the key design goals that evolved from our pilot 
activities. Operating the robot together or for each other was a key play-factor for children in 
continuing to use the GIR-T system» (ibidem). 
The involvement of parents/operators must be diversified but favourable: on one hand, the 
different kinds of competencies involved in the child’s care (medical, rehabilitative, 
technological, parental and that of the child on him/herself) have interacted in a fruitful way 
for the same purpose (Besio, 2003). 
It is important to consider the extent of the rehabilitation, and the relationship that is 
established between the child and operator through the robot. 
The type of activity (in this case play with a robot) is classified as an aspecific non-
pharmacological therapy and requires an in-depth evaluation of the patient’s conditions in 
order to define the therapeutic protocol and the objectives: «the way in which this general 
model of aspecific non-pharmacological therapy is implemented in each single intervention 
critically depends on the therapeutic objectives and protocols which are defined by the 
therapist after an in-depth evaluation of the patient’s conditions» (Marti et al., 2006). 
The following examples will help illustrate the value of play with robotic systems in treating 
autistic children: «Therapists and teachers are increasingly using virtual reality tools to teach 
social and life skills (e.g. recognising emotions, crossing the road, learning where and how to 
sit down in a populated cafeteria). The regulated computer environment that virtual reality 
can offer is used to help people with autism rehearse problematic real-life situations and 
learn how to better cope with the real world (Strickland, 1998). Similarly, computer-based 
interactive simulations in areas such as food, play and hygiene been found effective in 
enhancing appropriate functional communication in natural classroom settings (Hetzroni & 
Tannous, 2004). Another example of interactive computer technology that has been used to 
help children with autism learn how to recognise social displays of affect is the Affective 
Social Quest (Blotcher & Picard, 2002). Here a multi-media system synthesizes interactive 
social situations using an animated show containing emotionally charged video clips. The 
child, communicating with the system via toy-like objects (dolls with different emotional 
expressions) can be prompted by the system to identify the displayed emotion, or can 
explore different emotional situations himself».

16
 

An additional aspect to be considered is the behaviour of family members while playing with 
the child: the fact that the child is disabled often affects the family context in which the child is 
present and the parents’ conduct often does not naturally facilitate the development of play 
and exploration: «a certain number of international studies have considered the differences 
in play between children with or without a disability. For example, some researches have 
stressed that mothers of children with a Down syndrome tend to play with them in a more 
directive way, stressing the cognitive aspects of the play activity while underestimating its 
social value. According to other research projects, parents of children with disabilities can 
experience feelings of discomfort in sharing playing sessions with other parents and their 
children without disabilities. Hints and suggestions are given by these studies to improve the 
pedagogical relationship with the impaired children» (Besio, 2001). 
Another aspect concerns the ability of family members to use technologies to facilitate play. 
Involvement of the family and, in a broader sense, of all those around the disabled child, has 
great importance on the ability to use robotic technologies for play, and to such an extent that 
a phase should be planned specifically to teach them to use and configure the various 
technologies: «The software interface needs to be easy to use by all users – parents, 
therapists, and children. Finally, the mapping of the sensors to the robot response must be 
transparent. [...] Patients and clinicians will need to acquire new skills and develop new 
habits to achieve effective homecare strategies using telemedicine technologies» (Lathan & 
Malley, 2001). The active and cooperative participation of parents in any intervention has 

                                                 
16 UH Literature review about robots and children with autism. Contribution to IROMEC task T2.1.1 “First review of 
play scenarios”. Internal document. 
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positive effects, as demonstrated on several occasion in the literature For this reason training 
of familiar members in using the technology is one of the possible Critical Factors. 
Another clarification regarding the importance of context and support for a child, with a 
particular focus on children with motor disabilities, is described as follows: «Children with 
motor impairments, in particular, may find it difficult to use commercial toys, or may not be 
able to play at all. This is due not only to movement difficulties, but also to any associated 
cognitive, linguistic and sensorial impairments. Since the development of these children is 
sometimes rather difficult, some parents lose their natural ability to promote useful and 
affective play and experimentation activities. According to an Austrian study, parents of 
children with a motor impairment agree with rehabilitation professionals that play is the most 
important infant experience, and that it is basically a precluded activity for them» (Myers et 
al., 1996 cited in Besio, 2004). 
Finally, Aran et al. (2007) emphasise that the parenting style is a significant factor in the 
quality of life in children with CP (cerebral palsy). Because quality is an important treatment 
goal in children with CP, early family interventions, particularly those focusing on parenting 
style, should be considered. 

3.1.4. Attitudes 
This chapter is about the attitudes that are the observable consequences of 
customs, practices, ideologies, values, norms, factual beliefs and religious 
beliefs. These attitudes influence individual behaviour and social life at all levels, 
from interpersonal relationships and community associations to political, 
economic and legal structures; for example, individual or societal attitudes about 
a person's trustworthiness and value as a human being that may motivate 
positive, honorific practices or negative and discriminatory practices (e.g. 
stigmatizing, stereotyping and marginalizing or neglect of the person). The 
attitudes classified are those of people external to the person whose situation is 
being described. They are not those of the person themselves. The individual 
attitudes are categorized according to the kinds of relationships listed in 
Environmental Factors Chapter 3. Values and beliefs are not coded separately 
from the attitudes as they are assumed to be the driving forces behind the 
attitudes. 

Social psychology has focused on analysing attitudes in relation to numerous study 
environments, such as health (e.g. campaigns to limit damage caused by smoking, the 
consumption of alcohol, and the use of drugs), ethical and moral issues as well as political 
and religious opinions. The research also studied minority groups, such as immigrants, 
homosexuals in addition to ethnic, cultural and disabled minorities. 
Some researchers (Serino, 1996) have reached the conclusion that each person tends to 
assign value to one’s difference with respect to others, and often is unable to perceive and 
positively evaluate the peculiar characteristics of those around them. In most cases, these 
processes take place unconsciously and even stereotypes can be expressed in a completely 
involuntary manner. To overcome prejudices, it is necessary to learn to perceive the person 
as a specific individual, rather than as an indistinct member of a particular category. 
Special attention is focused on the attitudes of family members of disabled children: parents 
will go through tremendous suffering. Davin et al. (1989) assert that most parents experience 
this moment as a profound and terrible hardship since this child does not “conform” in any 
way to what they humanely had the right to expect, and thus experience different feelings: 
envy with respect to other couples and their children, the need to escape, as well as 
frustration since they are not always able to satisfy the needs of their children. 
Angiolari et al. (1977) emphasise the importance of the child’s family context at both a 
psychological and social level. The presence of a disabled person in the family can become 
a factor that enhances family unity. It can trigger opposing reactions such as acceptance and 
refusal, and opening toward others or isolation of the family core. Some parents can in fact 
refuse the evidence of the disability and act as if they were waiting for a miracle that will heal 
the child. Other parents dive headfirst into an intense re-educational programme, in the 
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hopes of a cure or a substantial improvement. Instead, others accept and seek to accept the 
disability of the child, assuming a realistic attitude that aims at allowing the child to achieve 
the greatest possible degree of development. 
Many researchers – including for example Hastings & Oakford (2003) – concur that the 
beliefs and attitudes expressed by teachers with regard to the disability are one of the key 
factors in introducing the disabled child into the school. The attitude of teachers not only 
affects their educational relationship with disabled students, but also sets an example for the 
students of the entire class. 
A group of Italian researchers conducted some years ago a study concerning the children’s 
attitudes towards their classmate with a physical disability (Catullo, 1984). They found that 
children with motor impairment and regular cognitive development are popular among their 
peers, while children with behavioural difficulties and inadequacy to rules are mostly refused. 
Generally speaking, females are more tolerant than males, while on the contrary children 
with disabilities do not show differences about the gender of their peers when choosing the 
preferred one. In addition, only 6% of drawings representing children with physical 
impairment showed evidence of this impairment, for example including the technological 
device. This fact was interpreted as a positive one, since children do not seem very 
interested to their peer’s impairment, while they consider him/her as a playmate among the 
others. 
This tendency has been also confirmed by a research conducted by Dalla Valle (2006) in the 
infant schools of the Valle d’Aosta Region, where this experiment has been repeated, finding 
that 8% of children decided to draw wheelchairs or other devices of their classmates. More 
interestingly, results showed that these objects related to disability were more represented in 
those classes where the process of social inclusion seemed more successful. This fact might 
suggest that positive experience with persons with disabilities are directly related with 
positive attitudes towards disability, and also towards its technological tools. 
Furthermore, data from the field literature (McMillen & Söderberg, 2002; Bender Pape et al., 
2002) clearly show that attitudes towards disabilities has direct influence on attitudes towards 
technology. During the past decades, changes happened in these two fields showing these 
interrelations. Thus, negative attitudes towards disability – viewed as dependence and 
weakness – are related to negative perceptions of assistive technology (an unpleasant  need 
or even as a stigma of an awful condition) positive attitudes towards disability – viewed as a 
normal condition in life – are related to positive perceptions of assistive technology (tools for 
autonomy and self-determination). 
Hence, the attitudes of society, at all levels (from the family to the political world), contribute 
to the definition of a positive or negative social context to develop the play activity. They 
affect the quality of the experience, influencing the possibility for the child to play an active 
role (Besio & Chinato, 1997): a milestone marking the evolution of thought and of society that 
is moving increasingly in the direction of inclusion. This mindset includes the ICF 
classification with which the WHO has helped to disseminate a new view of the person and 
of disability: «The ICF puts the notions of “health” and “disability” in a new light. It 
acknowledges that every human being can experience a decrement in health and thereby 
experience some degree of disability. Disability is not something that only happens to a 
minority of humanity. The ICF thus “mainstreams” the experience of disability and recognises 
it as a universal human experience. By shifting the focus from cause to impact it places all 
health conditions on an equal footing, allowing them to be compared using a common metric 
– the ruler of health and disability» (WHO, 2001). 
This new cultural trend has great influence mainly on the attitudes of rehabilitation and 
medical professionals, who are now encouraged to shift from an idea of disability as a direct 
consequence of a disease toward an idea of health and functioning, which in its turns will 
influence relationships and practices. 
From a paper by Gilman (2007) about an Italian research project carried out in Reggio Emilia 
«inclusive education aims toward integrating special-need students into all events of the 
typical classroom. For North American educators, the process of inclusion does not unfold 
naturally as in the routines of the Reggio Emilia approach. Reggio’s powerful image of the 
child nourishes the authentic practice of maximizing each child’s capabilities. With that, 
inclusion has the potential to reduce fear, to build respect and understanding not only in 
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school life, but for the future as well». The purpose of this study is to identify key principles 
that can foster new beliefs and attitudes regarding inclusion. «The goal is for teachers to 
consider alterations in their philosophies and practices concerning inclusion, and work 
toward adopting the research and making it into one of practice» (ibidem). 

3.1.5. Services, systems and policies 
This chapter considers access, quality, continuity, and comprehensiveness of 
services, systems and policies provided for the person: 1. Services that provide 
benefits, structured programmes and operations, in various sectors of society, 
designed to meet the needs of individuals. (Included in services are the people 
who provide them.) Services may be public, private or voluntary, and may be 
established at a local, community, regional, state, provincial, national or 
international level by individuals, associations, organizations, agencies or 
governments. The goods provided by these services may be general or adapted 
and specially designed. 2. Systems that are administrative control and 
organizational mechanisms, and are established by governments at the local, 
regional, national, and international levels, or by other recognized authorities. 
These systems are designed to organize, control and monitor services that 
provide benefits, structured programmes and operations in various sectors of 
society. 3. Policies constituted by rules, regulations, conventions and standards 
established by governments at the local, regional, national, and international 
levels, or by other recognized authorities. Policies govern and regulate the 
systems that organize, control and monitor services, structured programmes and 
operations in various sectors of society. 

In the cases in which hi-tech tools are introduces in play and rehabilitation activities, it is 
necessary to become more familiar with and extensively evaluate the context consisting of 
various professionals involved in the child’s life, to be appropriately inserted with educational 
processes that make operators capable of managing and taking advantage of the potential of 
the devices supplied independently from their attitude and training. If this is true for the case 
involving educational process in classes of “normal” children (Ackermann, 2002) and it is 
even more true for children with functional limitations due to the delicateness of the 
intervention. 
The cost to purchase assistive technologies may represent a barrier and prevent many 
disabled persons from acquiring the tools required to ensure their independence. In this 
case, national and international policies may offer the best opportunity for disseminating the 
technologies, with different types of initiatives. In Italy, for example, there are special 
allowances or public contributions for families that require expensive rehabilitative equipment 
and to ensure independence. These may vary in relation to political policies and general 
economic conditions of the government. 
With respect to societal attitudes and social norms, some studies have focused on how 
different cultural and national contexts may affect the possibility of using any technological 
devices in play or educational contexts (Lund et al., 2004).  
A widespread social attitude favouring the inclusion of disabled persons has a positive 
influence on welfare: it creates the cultural conditions and the opinions to which systems of 
laws and standards can be linked. 
At a European level, numerous initiatives are aimed at disseminating research and actions to 
support integration, in particular through the use of information technologies.  
Legislation and standards are factors of interest for the developer and for end users. The 
diffusion of laws that require compliance with the hardware and software accessibility 
prerequisites may be a way to create positive environmental conditions.  
A milestone, the Convention on the Rights of Persons with Disabilities, was adopted in 
December 2006 at the United Nations Headquarters in New York, and opened for signatures 
on 30 March 2007. «There were 82 signatories to the Convention, 44 signatories to the 
Optional Protocol, and 1 ratification of the Convention. This is the highest number of 
signatories in history of a UN Convention on its opening day. It is the first comprehensive 
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human rights treaty of the 21st century and is the first human rights convention to be open for 
signature by regional integration organizations. It marks a “paradigm shift” in attitudes and 
approaches to persons with disabilities. The Convention is intended as a human rights 
instrument with an explicit, social development dimension. It adopts a broad categorization of 
persons with disabilities and reaffirms that all persons with all types of disabilities must enjoy 
all human rights and fundamental freedoms. It clarifies and qualifies how all categories of 
rights apply to persons with disabilities and identifies areas where adaptations have to be 
made for persons with disabilities to effectively exercise their rights and areas where their 
rights have been violated, and where protection of rights must be reinforced. [...] There are 
eight guiding principles that underlie the Convention and each one has its own specific 
articles: 

a) Respect for inherent dignity, individual autonomy including the freedom to make one’s 
own choices, and independence of persons 

b) Non-discrimination 
c) Full and effective participation and inclusion in society 
d) Respect for difference and acceptance of persons with disabilities as part of human 

diversity and humanity 
e) Equality of opportunity 
f) Accessibility 
g) Equality between men and women 
h) Respect for the evolving capacities of children with disabilities and respect for the right 

of children with disabilities to preserve their identities».
17

 

3.2. Personal factors 

Personal Factors is also a component of the factors related to Context. This group includes a 
set of information about individuals; they are not classified in ICF because of the large social 
and cultural variance associated with them: 

• Gender 
• Age 
• Nationality and culture 
• Cognitive styles and adaptability 
• Previous experiences 
• Social background 
• Education styles 

3.2.1. Gender 
At first glance, activities involving robots might seem to be more interesting for male children. 
It’s enough to recall the various contests in which the construction of robots by adults often 
focuses on wrestling or football matches and a typically masculine activity immediately 
comes to mind. In reality, in the literature we find instead confirmation that the intensity of 
interest toward play activities with robots is independent from gender, that instead partially 
affects the type of activity: «are there gender issues to be addressed? There are gender 
issues to be addressed in robotics. The evidence is that girls find robots as attractive as boys 
do, but in different ways» (Johnson, 2003).  
Studies conducted on educational activities carried within the scholastic environment 
demonstrate in fact that males and females are equally attracted by and interested in robots, 
even if they often exhibit a different type of approach: «Young girls seem more attracted by 
the organic metaphor (to create something that can move separately) than by the industrial 
one (to create a machine). Young boys like to dismantle a mechanism to understand how it 
functions, while young girls sometimes hesitate in taking things to pieces. The also like to 

                                                 
17 From www.un.org/esa/socdev/enable/conventioninfo.htm.  
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keep them so that they can be used in role playing sessions, treating them as fantasy 
characters» (Ackermann, 2002). 
In addition, based on consultations in Panels, experts and parents agree that in play, it must 
be possible to differentiate activities and/or toys/tools on the basis of personal preference. 
To facilitate empathy with the child, and the interaction, it may be useful for the robotic 
system to have an anthropomorphic appearance. In this case, it might be an important factor 
to consider also the gender of that toy, with respect to the gender of the child. Studies 
conducted in other sectors, and bullying behaviour in particular, and illustrated in an article 
by Woods et al. (2007), stress the impact of gender on the design of animated agents that 
aim to evoke empathy and to encourage children to explore issues related to bullying. A 
questionnaire presented to 80 ten-year-old children focused on, amongst other things, the 
empathic relationship between the child and the characters in the storyboard. «Results 
indicate significant differences between the genders, with greater levels of empathy and 
comprehension achieved when characters are of the same gender as the child. This has 
considerable implications for the design of animated characters for bullying scenarios, 
requiring that the gender of the child is taken into account when designing animated 
characters and the scenarios they participate in» (ibidem). 
The issue concerning the exterior appearance of the robot in studies aimed at children with 
autism leads to further considerations: Robins et al. (2004) studied the effect of a robot’s 
design (appearance) in facilitating and encouraging interaction of children with autism with a 
small humanoid robot. They compared the children's level of interaction with the response to 
the robot in two different scenarios: one where the robot was dressed like a human (with a 
“pretty-girl” appearance) with an uncovered face, and the other, when it appeared with plain 
clothing and with a featureless, masked face. The results of these trials clearly indicate the 
children’s preference in their initial response for interaction with a plain, featureless robot 
over interaction with a human-like robot. 

3.2.2. Age 
Different ages correspond to different types of play, according to known classifications. The 
topic of age must be considered in relation to: 

• stages of play (solitary play, playing with others) 
• different types of play (from play with objects to more abstract play and playing with 

rules). 

In particular, the study on the ESAR (Garon, 1996) scheme highlights how age influences the 
type of play, its duration and its complexity. 
Children with cognitive disabilities and mental retardation may exhibit preferences to play at 
a lower level than his or her physical age. 
The literature and the information acquired from panels of users involved in the IROMEC 
project confirmed the link between evolution of play and age. Age also affects independence 
in using a robotic toy, and the possibility of managing interfaces and more complex 
functionalities. 

3.2.3. Nationality and culture 
The origins of an individual, and the culture in which that person was educated and lives, the 
available tools and the reference behavioural models affect at least partially the type of play 
activities that he/she likes and/or can do. This point is directly linked to Attitudes. 
Even though play is present everywhere, it takes place according to locally different 
traditions. However, the possibility of introducing highly technological pay activities is strictly 
connected to the resources of each country. 
Children with different environments and health conditions interact differently (based on 
health, literacy, culture): in our scenarios, we consider children with different abilities (fully 
able, physically impaired, or with cognitive delays), in different cultures (Denmark, Tanzania, 
and Italy), and with a different level of alphabetization (Lund et al., 2004). 
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3.2.4. Cognitive styles and adaptability 
Numerous authoritative scholars have tackled the issue of individual differences in general 
principles of cognitive organisation, which can also be partially linked to differences in 
personality and different experiences. Cognitive styles do not indicate the level of 
intelligence: according to Bruner (1966), they are linked to how each person “processes 
information” and adapts to the environment. They concern the real choice of cognitive 
strategies used to solve a task and should not be confused with someone’s skills.  
Among the broad range of Cognitive Styles provided by the scientific literature, the most 
widely studied remains field dependency/independence (Witkin et al., 1977): the field-
dependent style tends to identify relationships between subjects, while the field-independent 
style tends to isolate the individual subjects. 
In contrast, Borkowsky (1992) and Cornoldi (1991) identify five moments in processing 
information, each included between two extremes (visual-verbal, concrete-abstract, creative-
executive, global-analytical, intuitive-systematic). For example, and considering how 
information is memorised, the verbal style indicates a penchant for language (such as texts, 
sound recordings) and the visual style a preference for the visual-spatial code (images, tales, 
summary charts). 
The use of robotic technologies is directly linked with the construction of knowledge. A study 
by the University of Siena investigated «how the narrative mediates construction of meaning 
and the child’s organization of knowledge. The description of how the narrative as an artefact 
interacts with other physical and cultural artefacts is seen as equally important. These 
research questions will be addressed by the pedagogical objectives that will guide the POGO 
project» (Rizzo, 2003). 
An interesting observation is Ackermann’s description (1991) of the behaviour of children: 
when they interact with cybernetic types of games, they are playing the psychologist, while 
when they program and assemble, they are playing the engineer. 
Many children seek characteristics of personality in the robot, and they try to interpret the 
robot’s behaviour as being motivated by intentions.  
Personality in the human-robot social interaction is a relatively unexplored field. Such an 
interaction not only involves the personality of the user but also the possibility of interpreting 
the robot’s behaviour as characteristics of individuality. According to Woods et al. (2005), the 
question is whether a robot’s personality should match that of the human user, or be different 
in the sense that humans do not want the robot to be like them. In a simulated living room 
situation, some adults interacted with non-humanoid robots that demonstrated two robot 
behaviour styles (Socially Interactive, Socially Ignorant). Subjects viewed themselves as 
having stronger personality characteristics compared to the two robot behaviour styles. 
«Important group differences were found; factors such as subject gender, age and 
technological experience were important in how subjects viewed their personality as being 
similar to the robot personality» (ibidem). 
Fujii & Okada (2006) conducted studies to identify the factors that facilitate interpretation of a 
behaviour (of the robot) as social: It is necessary not only to create a mechanism for social 
interaction, but also to implement “common sense” in a robot that will allow it to evolve into a 
social entity that can participate in mutual interactions with humans; to become a social and 
cultural partner of people. Researchers concluded that robots have to be aware of “marked” 
patterns in the course of interaction, and have to display this awareness in appropriate 
situations. It was also suggested that these manners in interactions are linked to some kind 
of “membership” in a community.  
Another example of the studies regarding the possible social relationships between a robot 
and a child is provided by Kozima et al. (2004): it starts from the consideration that infants’ 
development of social and communicative skills, especially of an empathetic understanding 
of others, involves «two fundamental abilities, namely eye-contact and joint attention, as the 
prerequisites for this cognitive development. Then in psychological experiments using robots 
that are capable of eye-contact and joint attention, we observe how people, especially infants 
and children, attribute mental states to the robots. Based on these investigations, we 
consider a possible mechanism of empathy which is based on the space-tie coordination of 
attention and bodily movement between the self and another». 
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3.2.5. Previous experiences 
The previous experiences must be understood in the broad sense and concern what 
comprises an individual’s set of knowledge and personality: to have used different types of 
toys and to have taken part in play activities and situations involving social relationships of 
varying complexity. 
Play experiences have an influence on development, on the structuring of self, and on 
relationships with others. In this case Assistive Technology becomes the real occasion to 
empower the users to build their own autonomous life; it is the indispensable basis towards a 
comprehensive psychological development of children, that is – of course – cognitive, but 
also emotional and relational. The child who can suddenly modify the world around him/her 
(and who understands he/she can), who can build, invent a story, represent it, can choose 
among some options, can make a project, achieve, verify and modify it, who can interact with 
real and virtual people by attributing roles and inventing characters; this child is building a 
self-identity stronger and more reliable than before (Besio, 2003). 
One particular case involves children with autism, in which the social relational experience is 
usually rather poor. People with autism have impaired social interaction, social 
communication and  imagination (referred to by many authors as the triad of impairment). 
This may emerge as difficulties in forming social relationships, the inability to understand 
others’ intentions, feelings and mental states, difficulties in understanding gestures and facial 
expressions, having a limited range of imaginative activities, etc. In addition, people with 
autism usually show little reciprocal use of eye-contact and rarely get involved in interactive 
games (Robins et al., 2004b). 

3.2.6. Educational styles 
The use of robots in school makes it possible to synthesise various technical competencies 
and disciplines: my conclusion is that robotics is different because it is so multidisciplinary 
and involves a synthesis of so many technical things. Of all the motivating media discussed, I 
think robotics is especially motivating (Johnson, 2003). 
A study about the use of Lego robots describes an approach to Lego Mindstorms robot 
programming that favours collaborative methods and meta-reflection. The overall building 
behaviour is the final result of elementary behaviours that act in an independent but 
combined way. For example, a sensor that reacts when it hits obstacles can be controlled by 
two different behaviours: go forward, go back and turn in the opposite direction. The 
relationship between the cause and the effect is used to favour abstract thinking and meta-
cognition (for example, if the temperature increases, the robot switches on the cooling fan) 
(Chioccariello et al., 2003) 
Much research about the use of robotic systems in playing confirms the constructionist 
theory according to which knowledge is not conveyed but is actively constructed in the mind 
of the learner. Constructionism suggests that «learners are particularly likely to create new 
ideas when actively engaged in making external artefacts that they can reflect upon and 
share with others […]. Using a cybernetic construction kit, children can observe the 
behaviour of one or more robots interacting with the environment, influence their behaviour, 
and modify them by reprogramming and reconfiguring their buildings blocks. In doing so, 
children may learn and experience cybernetic concepts such as feedback and emerging 
behaviours, thus enriching the range of ideas they can explore in a learning-by-doing mode» 
(Chioccariello et al., 2000). 
The learning context can be based on various types of relationships between teacher and 
students: 

• constructionism refers to the importance of cooperative work, and creates the concept 
of “scaffolder”; 

• dynamic psychology, psychoanalysis, highlight the importance of the empathetic 
relationship, that seems to be more suitable for children with autism; 

• the relationship of mediator originates from the cognitivistic approach. 
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The adaptability of technologies to learning styles has been confirmed for some time now by 
various constructionist studies. In particular, these aspects that refer to play were analysed 
by Ackermann, in a project that defines the «principles and prototypical instantiations of a 
series of game-like learning environments. The “Magix” series supports learning through 
playful exploration. Extending the engaging nature of constructionist-style tools, 
acknowledging the great diversity in human learning and thinking styles and asserting that 
“style” pertains to issues of control, we address potential benefits of situations in which 
learners can share control. Our design maintains the constructivist principles of people 
learning through building and individually selecting what they build, but also addresses how 
the building happens» (Ackermann, 1999). 
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4. FACTORS RELATED TO TECHNOLOGY AND ROBOTICS 

4.1. Approach to technology development 

This Cluster takes into account all the Critical Factors – related to Technology and Robotics 
– that deserve careful attention when setting educational and rehabilitation activities for 
children with disabilities involving play robots. 

4.1.1. Assistive Technology 
Assistive Technology (AT) is an umbrella term used to describe any product or technology-
based service that allow an individual to perform a task he would otherwise be unable to do, 
or increase the ease and safety with which the task can be performed (Seale & Turner-
Smith, 2003). It helps people with disability to live, learn, work and enjoy life. As defined by 
the International Standard Organization (ISO-9999) – and already cited in Cluster of Factors 
no. 3 – Assistive Technology is «any product, instrument, equipment or technical system 
used by a disabled or elderly person aimed to prevent, compensate, relieve or neutralise the 
deficiency, the inability or the handicap». 
Assistive Technology can mainly be divided into two broad categories: prosthetic and 
therapeutic. Prosthetic device technologies supplement or replace natural abilities in which a 
person may have a disability. On the other hand, therapeutic devices provide assistance in 
the form of teaching or therapy (Kaliouby & Robinson, 2007). The IROMEC robot is being 
developed under the therapeutic category with the aim of helping children to deal with a 
disability or particular deficiency through teaching and intervention programmes. For 
example in the case of cerebral motor disabilities such as cerebral palsy, a therapist, with the 
support of a robot, might be able to help a child to improve posture, movement and 
communication. 
Cook & Hussey (1995) suggest a broader approach, defining AT as a broad range of 
devices, technical aids, strategies, services, or practices, with the main objective of 
improving the quality of life of the disabled and the elderly. The IROMEC robot – as an 
Assistive Technology device – should promote a child’s independence in a variety of areas 
such as mobility, communication, and socialization. It should contribute to the enhancement 
of the lives of children with disabilities, helping them to overcome and solve their functional 
problems, reducing dependence on others, and contributing to their integration into their 
families and society.  
The use of AT should never be considered an end in itself, but rather a means by which 
functional, developmental skills may be attained. Assistive Technology serves as a vehicle 
through which children can learn, interact and have fun (Reinhartsen, 1995).  
Advances in technology have increased opportunities for persons with various physical or 
mental limitations. Physical and sensory limitations can be minimized through the use of 
Assistive Technologydevices. AT devices plays a crucial role in the development of play for 
children with special needs. For a child who is physically challenged, his ability to learn and 
grow through play is compromised; therefore there is a need for adult interaction and 
direction in assisting the child through the movements required for play. This child requires 
adaptations or alternative means of accessing toys and other items and this can be 
accomplished by using AT. Assistive Technology can serve as the key that enables the child 
greater independence and active involvement in play (Lewis et al., 1993). 
The success or failure of a robot as an Assistive Technology device depends on several 
factors that are important to keep in mind during its development and during its 
implementation in educational or rehabilitational sessions. Some of these factors are directly 
related to the child’s characteristics and his impairment (e.g. the individual medical condition 
and the personal past experience in using AT). Others are influenced by the environment 
(the role of intermediaries, the end-user’s situation, and the attitude and knowledge of the 
surrounding helpers and professionals). As suggested by Peterson & Murray (2006) 
Assistive Technology can provide greater opportunities for persons with disabilities when the 
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device matches the user and the environment. Assistive Technology should overcome 
barriers to mainstream facilities or compensate for specific functional limitations, in a way to 
facilitate or make possible the child’s daily activities. Catalogues of accessible (see below for 
definition of accessible) toys have been published, as well as catalogues in which 
commercially available toys are evaluated on the basis of their accessibility (Lewis et al., 
1993; Reinhartsen, 1995; Besio, 2002a). The Assistive Technology device should allow 
children with disabilities to have the right tools and the right solutions to overcome the 
obstacles they experience. 
Although AT devices have potential for increasing the quality of life (see below Class of 
Factors no. 4.4.) of persons with disabilities, success is not guaranteed. Studies of 
abandonment reveal that on average, about one-third of all devices provided to consumers 
end up stored in the closet, basement or drawer (Phillips & Zhao, 1993). Poor device 
performance may be the result of inaccurate or inappropriate expectations on the part of the 
user, a mismatch between consumer skills and device characteristics, or actual device 
failure. Phillips & Zhao (1993) surveyed over 200 users of assistive technologies and 
identified that the primary factor significantly related to the abandonment of AT devices is the 
failure of providers to take consumer’s opinions into account. Therefore it is important that 
the design process focuses both on the user and the environment so that the device 
becomes integrated into the lives of those who will use it and benefit from it.  

4.1.2. Universal Design 
The concept of Assistive Technology should always be considered in tandem with another 
important concept: so-called Universal Design (UD).

18
 Universal Design is an approach 

whose aim is to design products and environments that are accessible and usable by people 
with a wide range of abilities or disabilities. It emphasizes a creative approach to design that 
is inclusive, aesthetically pleasing and functional for the greatest number of people – 
including those with disabilities – without any special effort. In this case the device developed 
is intended for general use, not only for persons with a specific disease or disability. Without 
being restricted to persons with a disability, technology can be adjusted so that it includes 
them among its potential users.  
The difference between Assistive Technology and universal design is often social rather than 
technological. An Assistive Technology device is developed specifically for people with 
disability. A universal technology tool can be used without any problem also by people with 
physically and/or cognitive disables, avoiding segregating or stigmatizing any users.

19
 

In particular for the IROMEC project it is important to take into account the universal design 
approach, by developing a toy robot that will be used by children with a wide range and 
level

20
 of disabilities, but also by typically developed children. 

The Center for Universal Design at North Carolina State University, which has defined UD as 
the design of all products and environments to be usable by everyone regardless of age, 
ability, or situation, has published seven Principles of Universal Design

21
 (Center for 

Universal Design, 1997) that are important to be taken into account during the development 
of the IROMEC robot. Such a list of principles is also useful in evaluating the IROMEC toy 
robot’s usability throughout its life cycle, and to describe the characteristic that the robot 
should have to be a toy of autonomous and safe play (see Class of Factors no. 4.5). 

                                                 
18 Other terms for Universal Design used around the world include Design For All, Inclusive Design, and Barrier-
Free Design. 
19 For example, a ramp that is used to enter a building both walking and in wheelchairs is universal technology; a 
wheelchair ramp at the back of the building intended only for those who cannot use the stairs at the front is 
assistive technology. 
20 Individuals with autism present a broad spectrum of difficulties and abilities, and vary enormously in their levels 
of overall intellectual functioning. 
21 The principles are: equitable use, flexibility in use, simple and intuitive use, perceptible information, tolerance 
for error, low physical effort, size and space for approach and use. 
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4.1.3. Accessibility 
Related to Assistive Technology and universal design, another important concept to note is 
accessibility. Accessibility is about making things accessible to all people (whether they have 
a disability or not) and it is a necessary precondition for usability. In the disability context, 
applying the International Classification of Functioning and Disability’s (ICF) definition, 
accessibility is defined as an environment in which an individual with any impairment can 
‘function independently’. That means that an accessible environment must match the abilities 
of an individual or a group.  
The IROMEC robot should be designed to satisfy the requirements of a core target group, 
made up of children with cognitive disabilities – especially autism – and physically disabled 
children; besides, the same system should be accessible also for typically developing 
children, parents, teachers, and caregivers (the secondary users). 

4.1.4. Innovation 
The IROMEC robot should be innovative, technically efficient, competitive and viable. To be 
innovative, the robot should show such characteristics in its design, functionality and 
technology that improve the existing systems, for example through modularity and versatility 
(changing aspect, dimensions, weight, possibility to move on different surfaces, etc.). 
Furthermore, a high degree of modularity gives the secondary users the possibility to adapt 
the robot to the different needs of children. 
To be technically competitive, it should make use of technology that brings it to a position of 
advantage when compared to other existing systems. To be technically efficient, it must 
comply with the technical demands that are singled out. Finally, to be technically viable, its 
technical development should be carried out with the existing resources. 
A system is considered innovative if it is not yet included in the so-called “state of the art” of 
the technology, which means all existing systems in the field that are accessible to the 
general public, by any means. In order to have an invention legally protected by a patent, it 
must be innovative, it must entail an inventive activity and have a commercial application. 
An invention entails an inventive activity if it is not the result of the state of the art of the 
technique in an evident way for an expert in the field or, which is the same, if it is the result of 
an “extraordinary intellectual achievement”. 

4.2. Usability 

Usability of products has been considered as one of the most critical aspects of human-
product interaction. According to the International Standard Organization (ISO 9241) usability 
of a device is defined as the effectiveness, efficiency and satisfaction with which specified 
users achieve specified goals in a particular context of use. The IROMEC robot must comply 
with the usability requirements, and usability tests must be applied.  
In more detail, effectiveness requirements define the accuracy and completeness with which 
specified users (e.g. children with autism) can achieve specified goals (e.g. constructive play) 
in particular environments (e.g. at school). Whereas efficiency is the resources expended in 
relation to the accuracy and completeness of the goals achieved. The properties of 
effectiveness and efficiency of the robot do not reside in the device itself; rather they are the 
outcome of the user’s interaction with the device to accomplish activities in different 
environments. Satisfaction is related to the consumer’s perceived comfort and acceptability 
with use of the product (Babbar et al., 2002). In this case it is useful to enlarge the term 
consumer to include not only the primary users – children with disability – but also the 
secondary users – parents, teachers, caregivers, and typically developing children. 
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4.2.1. Usability target group 
The robot toy to be developed in the IROMEC project will have an impact on a different 
range of users; not only the primary users (i.e. children with disabilities, namely the 
consumers of the device), but also on the secondary users such as family members, 
caregivers, therapists, teachers, educational or rehabilitation practitioners, and children 
without disabilities. Both groups of users must take part in the usability evaluation of the 
device.  
It is easier involving adults in usability tests than children; despite that an effort should be 
made to involve children with and without disabilities (primary and secondary users) during 
the usability evaluations. As underlined by Good & Robertson (2004) adult evaluation will not 
find all of the issues that children will face – for example, the use of a funny noise as an error 
message that children enjoyed so much that they stopped continuing the test and simply 
made the error again and again (Hanna et al., 1997). 
Deciding the size of the sample is not a clear-cut issue; several researchers have determined 
that three to five participants are enough to find about 80% of the usability problems in a 
product (Nielsen, 1994). However, recently researchers have begun to question this general 
guideline (Woolrych & Cockton, 2001) and Barendregt et al. (2005) assert that many more 
children are needed to uncover a reasonable proportion of problems – this is more 
understandable when children with cognitive impairment are the target users group. 

4.2.2. Performance Indicators for Usability Tests 
Several measures can be collected for testing the usability of a technological device. The 
most important are the following (Shneiderman, 2004): 

• Time to learn: the time that a typical member of a given population needs to learn the 
necessary actions to do a task. 

• Speed of performance: the time that a user needs in order to accomplish a particular 
(benchmark) task. 

• Rate of errors: the number and kind of errors that users make to accomplish a 
predefined task. 

• Retention over time: the quality of maintained acquired knowledge from a proposed 
solution after certain durations. 

• Subjective satisfaction: the amount of user satisfaction using a particular interface. 
Subjective satisfaction can be collected either through a live interview or by a survey. 

Although many books have been written on how to conduct usability tests with adults 
(Nielsen, 1993; Rubin, 1994) it is only recently that attention has also been given to usability 
testing with child participants. Usability studies are different in children as their reaction and 
meaning of usability is quite different from adults (Gilutz et al., 2003). Hanna et al. (1997) 
created guidelines for usability testing with children and this is one of the very few and most 
often cited articles on this subject. As they suggest, special considerations – depending on 
the children age group – should be applied when testing usability problems with children.  
There are several concepts to have in mind when we are going to apply usability tests: the 
validity of its results, the feasibility of applying the method in a particular context 
(robustness), how effective it is in meeting its aim, how efficiently resources are used and the 
subjective satisfaction. Some of these aspects are more salient when we discuss usability 
testing with children: 

• The validity of usability testing methods pertains to whether the problems it helps 
uncover are actually usability problems or not.  

• The robustness of a method concerns the feasibility of applying it to different 
contexts, (such as the laboratory versus the field, early in product development 
versus late, etc.). Robustness pertains to different ages or capacities of children that 
may render inapplicable a method established for adult participants. Actually children 
are not a homogeneous user group and this is even more important when autistic 
children are involved as a target group; autism is a spectrum disorder that can occur 
to a different degree and in a variety of forms. 
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• The reliability of a usability testing method concerns whether the individuals acting as 
test participants, facilitators or evaluators influence the outcome of the method when 
the same testing procedure is used for the same product. It pertains to what extent do 
external factors influence its outcome. 

• The effectiveness of a usability test can be described in terms of several parameters: 
the number of problems found, the number of problems missed, and in each of these 
cases the severity of problems concerned. The parameters should be chosen 
according to the characteristics of the group of children involved in the evaluation.  

• Efficiency pertains to the amount of the resources used to execute a particular 
usability in relation to its outcome (e.g., the time required for a test session, the 
number of real problems found per child participant or evaluator).  

The current measurement tools that capture the subjective aspect of technology device 
usability are the Quebec User Evaluation of Satisfaction with Assistive Technology (QUEST), 
and the Psychosocial Impact of Assistive Devices Scale (PIADS). These instruments are well 
established and valid in measuring their respective constructs of user satisfaction, 
psychosocial well-being related to Assistive Technology use, and user-technology match 
(Lenker et al, 2005). 

4.2.3. Characteristics of children that impact the usability test  
Usability tests often require the child to translate their experiences to verbal statements. This 
ability can be missing when the users are children with cognitive impairment. For example, 
some children with autism do not speak at all, others speak in limited phrases or 
conversations, and some have relatively normal language development. That means that the 
child’s capacity to verbalise (vocally or in writing) and to think aloud is a characteristic that 
affects the process of usability testing and its outcome, with this user group.  
Also the reading level of the child and their ability to understand concepts and the way they 
are presented are critical. Many instruments rely on advanced reading levels and not only do 
the children have to understand the question, but they are also required to match their 
response to a specific scale. Beyond this there is also the issue of concept comprehension; 
young children may not understand abstract concept involved in the assessment. 
Other elements that can affect usability tests are the child’s capability to concentrate on a 
single activity and the child’s attention span. Typical development children can concentrate 
for about 30 minutes (Hanna et al., 1999), however children with autism have a very short 
attention span that does not allow long evaluation sessions. The impact on the usability test 
is that for different age groups different sizes of tasks should be given. 
Different degrees of extroversion skills may have a direct impact on the outcome of the 
usability test, as for example they may be less likely to report usability problems or they may 
not be used to speak up to adults. 
As well, trustworthiness of self-report should be taking into account: children are reported to 
be very honest (Druin, 1999), but sometimes the reliability of reported data is questionable 
(Hanna et al., 1999). Studies that involved typically developing children highlight that, 
depending on their age, children are influenced by others – such as other children, parents 
and teachers – in different ways. For example, they may simply name problems to please the 
evaluator who looks for them or they may conceal problems if they think they would offend 
the researcher. This features it is more complicated when children with cognitive impairments 
are involved; for them not only to report, but to recognise and identify that there is a problem 
could be a very difficult issue. 
Among others characteristics that may affect the process of usability testing and its outcome 
there is the child’s ability for abstract and logical thinking; which affects reasoning (Berk, 
1997) and can influence the task descriptions and abstract questions for feedback. It also 
influences the possibility of comparing or judging products on multiple aspects, varying in 
level of detail. Furthermore, it influences the number of concepts they can keep in mind at 
once or their ability to score their preferences/opinions along Likert scales.  
Moreover, the way in which products are presented can influence the manner in which they 
are evaluated. According to Acuff (1997), it is important to show 3-dimensional objects rather 
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than flat representations to children. Asking to visualize an object from a 2-dimensional 
representation is not reasonable when children with cognitive impairments are involved in the 
evaluation; for example children with autism suffer imagination and generalization 
impairment that make them unable to achieve this task.  

4.3. Quality of life 

People with disabilities benefit from new technological developments, as more and better 
systems are designed to improve their quality of life. In general terms, quality of life is defined 
as a multi-dimensional concept that describes overall comfort with life, which may cover 
different domains. The concept of quality of life as an aspect of ‘health’ was first proposed by 
the World Health Organization (WHO) in 1948 (WHO, 1952). Health was redefined as not 
only an absence of illness, but also the presence of physical, mental and social well being. 
The quality of life of people with disease or disability depends to a large extent on the 
availability of enabling technology. Between practitioners there is agreement that AT has little 
to do with health in the biological sense. What is more, from the users’ perspective the 
ultimate impact of AT cannot be properly described within the domain of functional abilities, 
although it is true that most ATs extend abilities, these tend to be regarded by the user as 
means to achieve personal goals rather than objectives in themselves. Personal variables 
(attitudes, education, knowledge about AT, etc), systemic variables and environmental 
variables all influence perceived changes in quality of life. Assistive Technology can generate 
positive changes within any of these domains, and, vice versa, individual acceptance of 
technology device is influenced by how the individual feels in each domain.  
Quality of life measurement in paediatric clinical research has been introduced in order to 
quantify the relationship between the traditional clinical indicators of a disability and the 
subjective experience of the impact of the disability on the child and/or on the family 
(Bjornson & McLaughlin, 2001). 
The relationship between symptoms and quality of life is neither simple nor direct. A direct 
link between the clinical measurements (i.e. range of motion, spasticity, and strength) and 
the patient’s well being is expected, but researches show that the relationship is often small 
and inconsistent (Guyatt et al., 1999). Considering quality of life as the discrepancy between 
our expectation and experience provides a way of explaining how to evaluate our quality of 
life. 
Many quality of life measures used with children are based on adult models of quality of life 
(Titman et al., 1997). Measures adapted in this way are inappropriate not only because their 
content may not be relevant, but due to the differences between child and adult perceptions 
of and interactions with the world.  
Children are not a homogeneous group and the meaning of quality of life and its relevant 
dimension will change with the age and with the severity of the disability. 
Lack of conceptual models of quality of life in children has made it difficult to develop 
practicable, valid measures of child quality of life (Vincent & Higginson, 2003). 
Parental, teacher or caregiver assessment of health-related quality of life can supplement or 
be used as a proxy for the children’s assessment; they are indispensable source of 
information about the quality of life of children who cannot complete these assessments. 

4.4. Functional aspect of the technology 

As the main primary users are children with autism and physically disabled children, the 
technology should enhance aspects related to communication and social interaction, 
manipulation and mobility, which are the main areas of impairment for these user groups. 
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4.4.1. Communication and social interaction 
Communication is the ability to generate, emit, receive and understand messages, 
interacting with other individuals face to face or at a distance in a particular social context. It 
involves the transmission of messages (thoughts and feelings, ideas and needs) from one 
person to another, with participants influencing each other in the course of the exchange. It is 
a complex process of information transfer that individuals use to influence the behaviour of 
others. Communication skills are critical for developing and maintaining social relationships 
and learning within the social environment.  
Many children with communication disorders may not be able to communicate effectively 
using human modes of communication and Assistive Technology devices may enable these 
children to become better communicators.  
The acquisition of social communication is a major challenge faced by children with autism. 
Research since the 1980s has identified a number of core social communication deficits as 
targets for early intervention in young children with autism, specifically in the areas of joint 
attention, eye gaze, symbolic behaviour and initiation of social contact (McConnell, 2002).  
Various authors acknowledge the need to enhance social communication skills through early 
intervention, as they are associated with social reciprocity, which is vital for increasing 
productive interactions, social behaviours and social learning. 
Children with autism spend a large proportion of time engaged in non-social play (i.e. play 
that is solitary or near, but uncoordinated with, peers, as well as watching others play), and a 
smaller proportion of time in direct social play with others (Sigman & Ruskin, 1999). 
Children with autism show impairment in understanding others intentions, feelings, and 
mental states. They have difficulties in understanding gesture, facial expression, and 
metaphors and forming social relationships, and relating to others in meaningful ways 
generally poses a big problem for them. People’s social behaviour can be very subtle and 
could seem, to those with a communication problem deficit in mind regarding skills, widely 
unpredictable. This can present itself as a very confusing and possibly stressful experience 
to children with autism, an experience that they, understandably, try to avoid. In this case 
Assistive Technology devices may provide a simple safe and predictable environment that 
might encourage these children and ease their communication with others. Through 
interactions with the robot and the child’s primary social partners, that can take place in 
everyday contexts, the child’s social communication skills should be increased. 

From the point of view of innovation, an interesting technical goal should be reached if the 
robotic system will be able to show emotions or to interpret some signs and gestures coming 
from the child.. 

4.4.2. Manipulation 
Manipulation is the individual’s ability to control the physical environment in order to perform 
an activity. At a very basic level, manipulation often refers to those activities normally 
accomplished by the use of the upper extremities, particularly the fingers and hands. It also 
refers to the ability to regulate control mechanisms using any tool, independent of the part of 
the body used.  
In this case the technology should help physically disabled children to perform tasks that 
otherwise they are unable to do (for example from simple task as touching an object, to a 
more complex act as building). 

4.4.3. Mobility 
Mobility is the individual’s ability to execute distinctive activities associated with moving 
himself within the environment. Mobility is fundamental to each individual’s quality of life and 
is necessary for functioning in performance areas such as self-care, school, and play and 
leisure. 
For physically disabled children mobility is a big issue. Limitations in functional mobility can 
be overcome or reduced by the use of Assistive Technology devices. 
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4.5. Characteristics for autonomous and safe play 

As it has been detailed in Cluster of Factors no. 2, children with some kind of impairment do 
not play like regular children. Sharing and imitation are something that they do not naturally 
do; understanding of the robot’s behaviour, ability to interact with it can also be impaired. 
Robots should be designed to help children to develop such skills. Here are listed 
characteristics that can influence the successful robot design. 

4.5.1. Simple and intuitive 
The robot interface should be easy to understand, regardless of the user’s experience, 
knowledge, language skills, or current concentration level; unnecessary complexity must be 
avoided. The robot should be simple and as intuitive as possible to use by the target groups. 
This includes primary users – children with different disabilities – and secondary users – 
parents, caregivers, and typically developing children, who should easily understand how to 
interact with it.  
It should also be simple enough so it can be operated by non-robotic experts and easily re-
configured by parents and teachers without extensive computer science or robotics training. 

4.5.2. Safe 
The highest priority in the characteristic of any human-robot interactive device is to prevent 
any actions that might cause harm to people. All executable tasks of the robot must be 
subject to this restriction. 
The robot itself has to be safe in its construction to prevent any electrical (electric shock and 
electromagnetic wave) or mechanical (shock and scar) injuries for the different users (e.g. a 
built-in obstacle avoidance mechanism to prevent any collisions with people). 
It is vital to provide a safe environment where the child can explore as unconstrained as 
possible the robot’s capabilities in an enjoyable and relaxed atmosphere. Since the child 
should learn through playing, any aspects of the robot that might upset or scare the child 
need to be avoided.  
Taking into account child safety also means that the weight and the strength of the robot 
should be carefully considered. Having removable parts seems to interest autistic children, 
but the robot is a safe tool only if they are of a suitable size; all small components or material 
that can be easily removed should be avoided. Children with autism usually focus on the 
‘literal meaning’ and details of things, rather than perceiving the world in a holistic and 
socially and culturally interpreted sense. 
There should be an overview button and remote control facility for an emergency stop/shut 
down for the use of the secondary users. 
Robots with a certain degree of autonomy can show unexpected responses that might 
potentially cause distress for the child. This suggests the need to take extra care in the 
design, preparation and the conduct of the trials. 

4.5.3. Predictable behaviour 
People with autism feel comfortable in predictable environments, and enjoy interacting with 
computers (Moor 1998; Murray, 1997; Powell 1996). It has been shown that computers can 
provide a predictable, ‘safe’, and thus enjoyable environment for autistic children 
(Dautenhahn & Werry, 2004).  
Although it is desirable that the child adapts to the complex and often unpredictable 
behaviour of other people, children with autism can easily get overwhelmed by sensory 
stimuli. To an autistic person other people’s social behaviour often appears confusing and 
therefore threatening.  
Studies into the behaviour of children with autism suggest that they show a preference for 
interacting with objects rather than with other people. Low-functioning autistic children need 
interventions which take into account their particular interests and their decoding deficits by a 
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predictable and simple medium that is able to catch their attention. Robots may become a 
tool that could be simpler than any human being, and that can guide the child through 
increasingly more varied and complex types of interactions, in which he exercises skills that 
play an important role in human-human interactions (such as turn-taking and imitative skills).  
Contrary to people’s social behaviour – which can appear to children with autism very 
unpredictable – the robot could allow for a simplified, safe, and reliable environment. 
Because computers follow simple rules in a predictable way their behaviour requires less 
‘interpretation’ than that exhibited by humans. The robot could be used to bridge the gap 
between the variety and unpredictability of human social behaviour and the predictability of 
repetitive and monotonous behaviour so appreciated by children with autism and that can be 
reproduced continuously by the robot. 
The robot’s behaviour should be simple, but not completely predictable. This issue is 
important since using robots in autism therapy should not perpetuate existing repetitive 
tendencies. Highly stereotypical behaviour frequently noted in children with autism should not 
to be encouraged. These highly repetitive forms of behaviour frequently become self-
injurious (Jenson et al., 2001; White-Kress, 2003). 
When using robots that are capable of a relatively limited and repetitive range of movements, 
in order to develop basic interaction skills through simple imitation and turn-taking activities 
between the robot and child (Robins, Dautenhahn, Dubowski, 2005), a caution must be 
raised that this might increase rather than decrease the incidence of highly stereotypical 
behaviour. Robins et al. presented some examples taken from trials with robots and children 
with autism, where the children exhibit social isolation and stereotypical behaviour, and 
discussed possible ways of being sure not to reinforce these behaviours in the children. 
Robots show potential in this regard because they can be designed in accordance with 
particular interests and decoding deficits of children. Game activities and social interaction 
should gradually increase in complexity. The robot should learn over time and gradually 
change the ways in which it responds to the interaction, generating more sophisticated 
responses and unpredictable situations that can help capture and retain the child’s interest. 

4.5.4. Physical Appearance 
Many children get very curious about discovering how a robot works. To promote the child’s 
manipulation and exploration, safe removable parts should be included on the device. Its 
physical appearance can attract the child’s attention (colours, shapes, lights, objects that 
rotate or mechanical parts).  
Different surfaces of the robot can be interesting to interact with, but it is important to keep in 
mind that children might have different sensitivity to shape, colours, brightness and tactile 
proprieties (e.g. textures/plastic/metal surface). The robot surface and colours should be 
modular, according to the child’s specific needs. For example an important issue for children 
with autism is the possibility of having a robot with or without face/eyes, because some of 
them likes eyes, others cannot tolerate them. 
Moreover, in a robot that is aimed to be used by children with autism bright and mixed 
colours should be avoided. Some of these children may be attracted by only one colour and 
may not have the ability to see the whole shape of the robot.  
Since each child is an individual with distinct interests and capabilities, the robot should offer 
a different set of games. Different interaction modules could be attached to the robot in order 
to easily retarget the user groups. The appearance of the robot could be tailored toward the 
particular developmental stage, learning needs, and individual interests of the child. 
The device must be flexible enough to accommodate a wide range of individual preferences 
and abilities and to allow changes in order to respond to individual differences. It needs to be 
applicable at different, interrelated stages of development, from the instructor giving 
maximum help, to the user operating the robot unaided. 
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4.5.5. Compatibility and adaptability 
The robot should be adapted to the environment in which it will be used (indoor or outdoor) 
and to give children the possibility of interacting with it in any position they like (standing or 
kneeling in front of the robot, lying on the floor, etc.).  
Any autism therapy method faces the problem that people with autism have great difficulties 
in generalising learning achievements across contexts, such as applying what was learnt in 
class to contexts outside the school. For this reason a modular robot design to be used in 
different environment might be useful for autism therapy and education.  
The size and weight of the device should be suitable for it to be carried by teachers without 
help and to be stored in a cupboard. 
The robot should recognize different children’s interaction styles and adapt to the different 
individual behaviours. 
Moreover, it has to provide compatibility with a variety of devices used by people with 
sensory limitations. 

4.5.6. Visual and sound effects 
Any visual effects – such as lights, colours, pictures, etc. – and any sound effects – such as 
music, tones, etc. – produced by the robot should be modular and interchangeable, in order 
to be suitable for the different targets groups and their impairments (for example some 
autistic children are extremely sensitive to noise).  
It is important to ensure that visual effects do not irritate the child. Such effects should 
sustain the child’s interest and supports the robot-child interaction. Some children respond 
well to visual effects, but other can be scared by them. 
Sounds must be pleasant and used to catch the attention of the child without scaring him or 
her. The vocabulary used by the robot should be very simple; messages should be short and 
frequently repeated (Michaud et al., 2007).  
Nevertheless sound and visual components have to be consistent with the children’s play 
environment. 
Both light intensity and sound volume settings should be adjustable, and simple enough to 
be operated by the secondary users, according to the particular needs of the child, and by 
the children themselves when suitable (for example some autistic children are over sensitive 
to sound and/or light). 

4.5.7. Feedback  
Feedback is very important to guide children through learning new concepts. Moreover, 
children expect to see the results of their actions immediately, if nothing happens after their 
input, children may repeat their action until something does occur (possibly causing a chain 
of unexpected and unwanted events) or they may give up and abandon the game. The robot 
should be able to create rewarding games that can be easily understood by the child. 

4.5.8. Robustness  
As children are often physically aggressive with toys, a robotic toy cannot be designed with 
the expectation that children will play with it in a manner that that adults might consider 
appropriate. Therefore encapsulating the fragile electronics parts of the robot inside a robust 
container is an ideal solution for a robot made to interact with children. 
Additionally, the design should minimize hazards and the adverse consequences of 
accidental or unintended actions.  

4.5.9. Social mediator 
Literature shows that people with autism feel comfortable in predictable environments, and 
enjoy interacting with computers (Moor, 1998; Murray, 1997). Studies of the behaviour of 
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children with autism suggest that they generally show a preference for the interaction with 
objects rather than with other people. People’s social behaviour can be very subtle and can 
seem, to those with communication problems and a deficit in mind reading skills, widely 
unpredictable. This can present itself as a very confusing and possibly stressful experience 
for children with autism. Different from human beings, interactions with robots can provide a 
simplified, safe, predictable and reliable environment where the complexity of interaction can 
be controlled. However, as children with autism frequently exhibit social isolation, ignoring 
other people near them, (Hobson, 2002; Siegel, 1998; Tustin, 1990) it is important to ensure 
that by providing this desirable toy to interact with these undesirable behaviours are not 
encouraged.  
At the same time, some children when exposed to one object, might seek an exclusive 
control over the object, and in the case of a robot they might seek to have an ‘exclusive’ 
relationship/interaction with it ignoring any other peers or adults present (Robins et al., 
2005a). This behaviour puts an extra emphasize on the need for the robots to be 
programmed in such a way that they will become social mediators and will encourage 
interaction with other people and do not reinforce existing behaviors and become social 
isolators. 

4.5.10. Cost  
Cost should be among the key factors necessary to the successful outcome of a technology 
device. The robot must be financially accessible so that the secondary users (parents, 
caregivers, schools etc) can afford the cost of the device. In relation to this, it is more correct 
to speak in relative terms like insignificant/affordable/unaffordable cost, than in absolute 
terms like low/medium/high cost. A very rich person may regard the price of an expensive 
device as an insignificant cost even if he or she has to cover it completely out of his/her own 
pocket. On the other hand, even if 90% of the cost of the same device is covered, the 
remainder might still represent an unaffordable cost for another person. 
In considering the cost element, we should taking into account also the cost after sale: the 
cost of service/repair for the robot device and all the cost related to the need for regular new 
adaptation. Cleaning, electricity, repairs, spare parts etc. are technology-related costs that 
are incurred continuously a or at regular intervals - in order to ensure that the robot works 
well for its whole technical lifetime. 
For the assessment of the cost-effectiveness of AT, different instruments have been 
developed: the CERTAIN (Cost-Effective Rehabilitation Technology through Appropriate 
INdicators), developed in the mid 1990s by the European Commission; the EATS (Efficiency 
of Assistive Technology and Services); the IPPA (Individually Prioritised Problem 
Assessment) instrument; the SCAI instrument, designed to help AT professionals and users 
to estimate the economic aspects of an individual AT device; and the SIVA

22
 Cost Analysis 

Instrument. 
The cost of the technological product – e.g., a robot – in relation to other existing products of 
similar characteristics is a decisive factor if a certain degree of commercial success is to be 
achieved. The cost of the product has to be lower than the price of the product and the price, 
lower than the value that the user considers for the product. 
For this reason a balance should be found between the possibilities offered by the system 
and its cost, especially by identifying those other characteristics that make the system 
attractive and innovative. 

                                                 
22 Servizio Informazioni Valutazione Ausili, Fondazione don Carlo Gnocchi, Milano, Italy. 
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5. FACTORS RELATED TO METHODOLOGY 

5.1. Research issues 

The Oxford English Dictionary (2002) defines research as the systematic study of materials 
and sources in order to establish facts and reach new conclusions. Good research is a 
thinking and strategic process that involves constantly assessing, reassessing, and making 
decisions about the best possible means for obtaining trustworthy information, carrying out 
appropriate analysis, and drawing credible conclusions.  
Research with children is different from research with adults, and it requires the researcher to 
be more careful during the data collection and analysis. For example children’s use of 
language and their understanding of the world – we refer particularly to younger children or 
children with disabilities – may differ from adults. If the research is to be in the best interests 
of the children it is essential that the researchers take heed of number of critical issues which 
arise in the planning, carrying out and dissemination stages of the research. Relevant issues 
include the approach guiding the research, the instrument applied and the quality of the 
involvement of the children. 

5.1.1. Qualitative and quantitative approaches 
Qualitative and quantitative methods have strengths and weaknesses that must be balanced 
during the project. It is important to select the approach most suitable for the different phases 
under consideration.  

a) Qualitative research is used to explore and understand people’s behaviour and 
interactions. For this reason, it is useful to apply a qualitative approach during the 
exploratory phase when the main aim is to discover the children’s needs and the 
various contexts within which the robot device is intended to be used. 

 Especially during the first phases of the research it is essential for the researchers to 
be open to new dimensions that can influence the interaction. Interaction is a dynamic 
process that is difficult to evaluate just by looking at the result or at the individual steps 
taken when they occur. To investigate the interaction of children with cognitive or 
physical disabilities with a device, it is more important to observe rather than to ask 
questions. Qualitative approaches based, for instance, on a description of periodic 
reports of interaction over a short or long period of time might bring added benefit in 
that regard. Moreover, a qualitative analysis of children’s activities in their natural 
context, reveals further aspects of social interaction skills and communicative 
competence that a quantitative analysis cannot reach. A quantitative analysis based on 
the frequency and duration of behaviours, cannot reveal some important aspects of 
social interaction skills and the communicative competence that the children can 
develop. 

 Substantial data should be collected for the qualitative approach. This approach 
emphasizes verbal analysis, rather than mathematical analysis, giving more attention 
to the subjective aspects of human experience and behaviour. Compared to the 
quantitative approach, qualitative methods apply a more holistic and natural approach 
to the investigation of the problem. The aim of qualitative analysis is a complete, 
detailed description of the phenomenon studied that allows researchers to look at 
changes over time. 

 Carrying out qualitative research has also some disadvantages. For example this kind 
of approach has limited ability to yield objective data, to produce generalizable results, 
or to provide precise descriptions of outcomes. Moreover, it is often somewhat difficult 
to accomplish and intensive to conduct and requires an extended period of time. 

 But one benefit of this kind of research is that it provides a special sensitivity to the 
influence of context. 
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 A stage of qualitative research should be a precursor for quantitative analysis, since 
before phenomena can be classified and counted, the categories for classification must 
first be identified.  

b) Quantitative research is most common as conclusive research, as such it can show 
results in the form of numbers that can be quantified and summarized. Quantitative 
research should be used to classify features, to count them, and to construct complex 
statistical models in an attempt to explain what has been observed during the first 
phase of the project research. 

 Compared to the qualitative approach where the researcher is an integral part of the 
investigation, the quantitative approach attempts to gather data by objective methods 
to provide information about relations, comparisons, and predictions and attempts to 
remove the researcher from the investigation. The data are gathered using more 
structured research instruments and the analysis of the results is more objective. 

 When a quantitative survey is performed, questions are answered on a numerical scale 
or with various options (Lester et al., 1997; Salzman et al., 1999). Attention must be 
given to the survey’s language, in order to be appropriate and easily comprehensible. 
This means that this kind of survey could be difficult to develop and to apply when 
children with cognitive disabilities are involved in the research. 

 Quantitative methods allow the evaluator to reach conclusions with a known degree of 
confidence about the extent and distribution of the phenomenon studied (for example 
imitation, turn-taking, role-switch). They are amenable to an array of statistical 
techniques and they are generally assumed to yield relatively objective data. However, 
the picture of the data which emerges from quantitative analysis is less rich than that 
obtained from qualitative analysis. 

5.1.2. Data collection 
Once it has been decided which type of research to use, the next step is to determine how 
the information will be gathered. There are a number of different techniques to collect data 
that are used in research, each with its own strengths and weaknesses. All children and 
young people in general are important sources of information - whatever their communication 
and/or cognitive impairment are. It is up to the researcher to find ways of understanding their 
views and experiences and collect this information. The issue of using appropriate methods 
to collect data is a central concern in any research. However when children are involved – 
especially cognitive impaired children – ‘child-friendly’ methods should be applied. Some of 
the most common research approaches include questionnaires, interviews, observation, and 
experimentation research. 
Nevertheless, data should be collected in a consistent way. It can be obtained either by the 
researcher observing subjects being studied or communicating directly or indirectly with 
them. 

5.1.2.1. Questionnaires 
Questionnaires offer a quick, cheap, and easy way to collect a great deal of information. 
They can be administered to a large number of respondents in a way that allows statistical 
analysis of the results. 
It is important to keep in mind that applying this technique reduces the variety, the creativity, 
and the individuality of the responses that can be given by the participants. Moreover, as 
suggest by Scott (2000) standard questionnaires techniques are an inappropriate way to 
collect data directly from children, and from children with cognitive impairment especially. 
Young children find it difficult to distinguish between what is said and what is meant and thus 
almost any hypothetical question becomes problematic.  
When cognitive impaired children are involved, even a structured interview could be difficult 
to manage; questions can be misunderstood or answers can simply be not true. When 
children with cognitive impairments are involved in research, a solution could be to apply less 
structured methods of collecting data (for example interviews or observations) or – when it is 
possible –to administer the questionnaire to adults that can act for the children. 
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5.1.2.2. Interviews  
In research projects involving children, one way to collect data could consist of direct 
questions or questions that invite the participants to tell stories. Individual interviews are an 
appropriate method to collect information, especially from children who are not used to 
conventional methods of communication, as suggested by Morris (2003).  
When the subject of the interview is a primary user (child with disabilities), some precautions 
measure should be arranged depending on the level of his cognitive impairment. It is very 
important in this case to adapt the interview to the level of child’s cognitive age and to 
formulate very few simple questions, using words that he is able to understand. The 
researcher has to remain open to the child’s individual language style and employ reflective 
techniques to check that his understanding matches the intended meaning of the child’s 
response. 
Traditionally, interviewing children has been criticized because of assumptions about their 
suggestibility. However, researchers have argued that adults and children are equally 
suggestible (Kelly, 2007). 
Interviews with typical-development children usually are not longer than 30 minutes. Instead, 
the average duration of the interview should be shorter when children with cognitive 
impairment or learning disability are involved. In this case length of the interview should be 
determined according to their ability to follow the discussion. 
It is useful to gather information also from people who are in daily contact with the children – 
parents, teachers, caregivers, and therapists. When the interviewed person is an adult, the 
questions can be more open and a digression from the topic outline can be made each time 
it is thought to be fruitful, in order to pursue an idea in more detail.  
When adults are involved, structured and semi-structured interviews can be applied, making 
it possible to administer a questionnaire (a set of pre-determined questions). A question 
guide should be written, in order to act as a checklist during the interview and ensure that 
basically the same information is obtained from all the sample. Instead, when it is important 
to explore a subject in detail or probe for latent attitudes and feelings an in-depth interview is 
an appropriate technique to use.  
In setting up interviews with children and young people who have communication 
impairments is it important to take care of details such as (Morris, 2003): 

• venue (whether it is comfortable, quiet); 
• timing (allowing more time, ensuring that the time suits the young person); 
• identifying any need for a facilitator tool; 
• checking that, if the young person uses a communication aid, it is available and in 

working order; 
• being sure that the child knows that he can stop the interview whenever he wants; 
• being careful about the language used (avoiding figures of speech for example) and 

how the questions are asked (such as avoiding using double negatives). 

Interviewers must be experienced and skilled, since it is crucial that they and the respondent 
establish some kind of rapport, and that they can adapt quickly to the personality and mood 
of the person being interviewed (this will elicit more truthful answers). A competent 
interviewer possesses the same skills that are necessary for good listening and assessment 
in therapy - active listening, reflection of meanings, asking for clarifications, and formulating 
summaries. 
With the approval of the respondent, the interview can be audio taped, which enables the 
researcher to use the data also as a basis for quantitative analysis. 

5.1.2.3. Observations 
It is common for children who have significant communication impairment to be excluded 
from research because traditional research tools such as questionnaires and interviews are 
inappropriate methods to gather information from them. Observation techniques can help to 
collect data from children with this disability and can be part of qualitative research as well as 
quantitative research.  
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Observation can be arranged in a contrived or in a natural setting. In the first case the 
subject of interest is viewed in a laboratory setting; the benefit is that the situation can be 
controlled by the experimenter. The drawbacks of lab observation are that the setting can be 
unnatural and the subject is aware that they are being studied. Moreover, it is difficult to 
manage a lab setting when children with autism are involved in the observation. The nature 
of their impairments makes it difficult, ethically inappropriate, and useless to make 
observations in an environment that is not familiar for them.  In contrast, a naturalistic 
observation allows researchers to observe participants in real-world settings and respect the 
requirements of the target user group. The strength of this method is that researchers can 
view the behaviours as they really occur within a natural setting. The drawback is it is 
impossible to control outside variables that might impact the children’s behaviour. That 
means for instance, when a child interact with a device, his reaction can’t be ascribed 
exclusively to the features of it. 
Observation can be divided between structured and unstructured, which refers to the use of 
guidelines or a checklist used for the aspects of the behaviour that must be recorded. In 
order to collect data it is appropriate to start with unstructured observation, and then building 
the structure step by step, in a way that includes all the possible aspects of the interaction 
between the child, the device, and the other actors involved. Structured observations are 
fruitful in order to enable researchers to collect data that can be easily quantified and used 
for quantitative analysis.  
Depending on whether the subjects being studied can detect the observation, it is possible to 
distinguish between unobtrusive and obtrusive observation. A critical aspect of obtrusive 
observation is that when someone is aware of being observed, he behaves in a different 
way. This reaction is strongest when the subject observed is an adult and less intrusive when 
children are observed. Children rapidly forget that they are being observed, and their 
behaviour is less conditioned by the presence of the researcher. 
A necessary first step in conducting an observation is the definition of the behaviour to be 
observed; deciding what to observe. Conducting preliminary observation periods helps to 
reach this point. Preliminary observation helps to formulate precise and accurate research 
questions and to determine the appropriate measure and recording methods to be used. A 
preliminary observation period should be used as a time to develop and practice using the 
relevant observational categories. Additionally, the preliminary period should be used as a 
time during which the participants are getting used to the presence of the observer. As 
children get used to the observer’s presence, their behaviour will more closely approximate 
to ‘normal’ behaviour. 
Generally, behaviour can be described in two ways: in terms of structure and in terms of 
consequence (Martin & Bateson, 1986). Structural description relates to the physical forms 
and/or temporal patterns of behaviour (examples of structural description are ‘punch’ and 
‘smile’). Descriptions of consequences are the effects on the environment, others, or self - 
examples of descriptions of consequences include ‘aggression’ and ‘having fun’, 
respectively. One more distinction we can make is between events and states: events are of 
short duration – such as laughing; states are of long duration. Events are typically measured 
with frequency counts; duration measures are appropriate for states. Categories should be 
mutually exclusive, and a ‘waste basket’ category could be added. Once the categories have 
been decided, the researchers must decide how they will measure them – latency, duration, 
and/or intensity. 
Observations can take the form of activity via one-way mirrors or using video cameras to 
capture data (talk, movement, gesture, and machine interaction) for later analysis. Often 
remote recording devices are used and it is imperative that the participants in the research 
and/or their parents are informed of techniques to be used. 
Numerous observations should be conducted so that the children, having become 
accustomed to the devices, act naturally. It is important to remind that repeated observations 
minimize obtrusiveness, but probably do not eliminate it. During the observation the 
researcher has to minimally interfere with the behaviour of the child being observed. The 
notion of minimal interference should be stressed because observers typically have an effect 
on those are being observed. 
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5.1.2.4. Experimentation 
One way of establishing causality between variables is through the use of experimentation. 
Experimental method involves the manipulation and measurement of variables. It is a highly 
controlled method that allows the researcher to manipulate a specific independent variable in 
order to determine what effect this manipulation has on other dependent variables. Ethical 
consideration (see Class of Factors no. 5.3) should be applied before using this method of 
collecting data when disabled children are the main target group. 
The researcher can decide whether the experiment should take place: in a ‘natural’ setting 
(field experiments) or in an ‘artificial’ setting (laboratory research). Laboratory research 
allows the researcher to control and eliminate as many intervening variables as possible, but 
it can be very difficult to use especially when children with disabilities are the target group. 
Besides, the artificiality of the experimental situation may mean that the subjects behave 
different in the laboratory than they do in a real-world situation (Bronfenbrenner, 1979). 
Experimental methods are relatively weak in producing findings that can be generalized to 
other situations, because they are usually conducted in rather controlled settings. Moreover, 
some variables of interest cannot be studied through experimentation for ethical reasons. For 
these reasons field experiments are most suitable when children – especially children with 
disabilities – are involved. Field experiments take place in real situations; however, the 
researcher can change the environment.  
Experimentation calls for a control group as well as an experimentation group, and subjects 
should be assigned randomly to either group. Experimentation is a quantitative research 
technique, but depending on how the experiment is set up, it may also become a more 
qualitative approach. An explicit description of the experimental treatment is necessary in the 
case of experiments following a qualitative approach; the detailed description allows others 
researcher to replicate the results in similar and different conditions. 

5.1.2.5. Case Studies 
A case study is an in-depth analysis of a particular individual. While this research method 
provides a great deal of information about a specific person, the results are often difficult to 
generalize to larger populations. For this reason, case studies are most often used in clinical 
research or other cases where certain aspects of the subject’s life cannot be reproduced or 
duplicated. Some example of case studies in which children with autism were involved can 
be found in Robins et al., 2005. 

5.1.3. Quality of measurement 
Researchers have emphasized the impact of the researcher’s personal assumptions about 
childhood and disability on research with children (Kelly, 2007). Seale (1999) argued that all 
research, whether qualitative or quantitative, is open to bias and value-laden. In recognizing 
the fact that researchers can never eliminate their effects on the research process, it is 
important to attempt to minimise or control those effects or at least understand them when 
interpreting data.  
Qualitative methods are more liable to this unfavourable aspect. When qualitative techniques 
are used, an effort must be made by having data analysis peer reviewed, clearly stating 
theoretical perspectives, and being sure to report negative and contradictory examples from 
the data, in order to reach satisfactory valid results (Seale, 1999; Silverman, 2000).  
To ensure validity and reliability of research results, not only should the data recording 
procedures be uniformed and the data collected be stored systematically, but most 
importantly, the techniques and the assessment tools applied must be reliable and valid. 
Validity is related to what is measured and how well it is measured (Anastasi, 1968). In short, 
the validity of the test is the truth value.  
If experiments are to be used, they should be designed such that they are both internally and 
externally valid. Internal validity is concerned with the degree of certainty that observed 
effects in an experiment are actually the result of the experimental treatment or condition (the 
cause), rather than intervening, extraneous or confounding variables (Trochim, 2000). 
Internal validity is enhanced by increasing the control of these other variables. In contrast 
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external validity is concerned with the degree to which research findings can be applied to 
the real world, beyond the controlled setting of the research. This is the issue of 
generalisability. Attempts to increase internal validity are likely to reduce external validity as 
the study is conducted in a manner that is increasingly unlike the real world. 
For qualitative research obtaining multiple sources of data is essential to producing valid 
results (Nelson & Poulin, 1997). When qualitative analysis is used, the best way to achieve 
valid results is to accompany these results with numerical data from surveys, questionnaires, 
or observational procedures.  
A valid measure must also be reliable. Reliability is an essential pre-requisite for the validity 
of the research. It concerns the extent to which the instruments used yield the same results 
on repeated trials. Although unreliability is always present to a certain extent, there will 
generally be a good deal of consistency in the results of a quality instrument gathered at 
different times. The tendency toward consistency found in repeated measurements is 
referred to as reliability.  
When observations are made, the inter-rater reliability score, that shows the agreement 
between different observers, should be measured. Inter-rater reliability is defined as the 
extent to which observers in the same study agree that they see the same thing. It can be 
expressed in terms of percentages of agreement or correlation between different 
observations of the same behaviour and ensure a certain degree of objectivity of the 
observations. The percentage of agreement is calculated by comparing the occurrence of 
agreement to the total occurrence of behaviour.   

5.1.4. Sample 
The research sample must be composed of primary and secondary users of the device. 
Children are the primary source of knowledge about their own views and experiences and 
they should be directly involved in the data collection. Adults can be involved and act for 
them only in cases where they are not able to be directly involved in the research. 
Recognising children as subjects rather than object of research entails accepting that 
children can speak ‘in their own right’ and report valid views and experiences. Such speaking 
may involve sign language when children cannot talk, and other expressive body language 
and sound, such as those made by children with autism and severe learning difficulties. 
Besides, it is important to directly involve especially children with disabilities in the research; 
as suggested by Christensen & James (2000) simply doing research helps children to gain 
more skills.  
The end-users (made up of primary and secondary users) should take part actively in all 
stages of the design process. The development of prototypes must be tested with the help of 
the disabled children for whom they are meant, to make sure that the final products can be 
used properly. Users are the best judges of products and services designed for them. 
Small samples, studied over an extended period of time and selected on the basis of how 
well a group of participants represent a particular phenomenon, should be used during 
qualitative research. In contrast to reach quantitative results a larger sample sizes that is 
representative of the entire population is needed. 
In assembling the research sample it is important to refer not simply to the chronological age 
of the children, but also to their mental age. Comparing two children with the same 
chronological age is inappropriate when their mental age is completely different. For this 
reason it is useful to be aware of the mental age for each child involved in the research.

23
 

The research sample should be large enough to group together cultural differences.  
Besides, it is important also to consider and to include the gender difference that 
characterizes the different disabilities. Involving girls in the research is particularly difficult for 
autistic subjects since autism is about four times more prevalent in boys than in girls (exact 
ratio varies according to sources)

24
. Thus, while from an experimental and educational point 

                                                 
23 For autistic children this information can be collected by the Childhood Autism Rating Scale (CARS) or the 
Communication and Symbolic Behaviour Scales Developmental Profile (CSBS–DP) or the Scales of Independent 
Behaviour Revised (SIB–R) that assess communication and behaviours. 
24 For Asperger’s syndrome the ratio is nine males to one female (NAS, 2007). 
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of view it is desirable to involve girls in the work with robotic toys, for IROMEC in particular 
this seems only be a secondary concern. 

5.2. Design development 

Identifying Critical Factors potentially influencing the design of a social robot system targeted 
to children with different abilities is neither simple nor straight. The design of digital 
technologies is a discipline taking different nuances and emphasis depending on approaches 
and principles, visions and application domains.  
Commonly design methods are reviewed according to three points of view: that of creativity, 
that of rationality and that of control over the design process (Jones, 1992). 
From the creative point of view, the designer is a black box out of which a creative leap 
comes. From the rational viewpoint, the designer is a glass box inside which a completely 
explicable rational process can be discerned. From the control view point the designer is a 
self-organising system capable of finding short cuts across unknown territory. 
A first Critical Factor for a successful design is to be sensible to all the three view points and 
to define a control strategy able to systematize both creative ideas and rational decisions. 
In what follows we discuss some Critical Factors generally related to different design 
approaches which are likely to inform the IROMEC design process. 

5.2.1. Creative Design 
A significant number of design theorists (Osborn, 1963, Gordon, 1961, Broadbent, 1966, 
Matchett, 1968) suggest that the most valuable part of the design process is that which goes 
on inside the designer’s head and partly out of reach of control. In making this point the 
“creativity” theorists place themselves in opposition to the rationalists of designing. In 
particular Broadbent (1966) identifies the “mental rigidity” and the desire for certainty as a 
chief enemy of creative thinking, stating the importance of tolerating ambiguity and conflict 
for anyone who whishes to produce anything but stereotyped designs. 
Even if we find reasonable this position, however we firmly affirm the importance of sharing 
and negotiating the creative outcomes within the design team and with the target users, and 
the necessity of applying a clear design process which helps to control structure and evolve 
the creative insights. 
Basically the problem of evaluating novel design proposals implies both the search for a 
suitable design and a control strategy along the design process. If this is achieved, it is 
possible to replace blind searching of alternatives by an intelligent/opportunistic search that 
uses both internal criteria (experience, sensibility, individual inspiration) and external criteria 
(requirement collection, user studies, specific needs). This process is eased by the adoption 
of a clear design process model and the means for implementing it. 
For this reason we suggest to depict strategies for creative design that are based on the 
activity of a multidisciplinary team that firstly produces high level concepts from the point of 
view of different disciplines, and then integrates them in concept scenarios through a 
collaborative activity of meaning negotiation and sharing of values carried out in 
brainstorming sessions. Once the preliminary outcomes of the creative process have been 
shared in the team, a strategy of user-centred and participatory design and evaluation can be 
adopted to evolve the concepts in form of mock-ups and interactive prototypes to support 
user evaluation and involvement in re-design. The software development starts only once 
prototypes have been fully accepted by the users. 
In this respect, the primary aim of the evaluation is not only to verify, validate, and test the 
acceptance of a system, but to determine problems and design opportunities. Frequent, 
small, informal evaluation activities iteratively improve the design. The approach hinges on 
iterative cycles of evaluation with end-users, from concept generation to functional 
specifications, from early mock-ups to the testing of interactive prototypes on the field. 
Evaluation is continuous and as closely and authentically related to use as possible. In order 
to guarantee such a close relationship, the design and evaluation process are strongly 
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informed by scenarios of use. An important strategy for this is close interdisciplinary 
collaboration between different perspectives: use, design, technology and activity analysis. 
Concepts, ideas, scenarios, prototypes and evolving practices are continuously examined in 
the light of all the perspectives to ensure their quality and appropriateness. 
The proposed approach suggests to adopt cheap, fast and easy to use methods that still 
achieve the goal of designing effective solutions that affect human activity providing added 
value. Techniques include brainstorming, focus groups, mock-up development, 
storyboarding, scenarios, walkthroughs and participatory heuristic evaluation. 

5.2.2. Universal Design 
Currently in the design literature the following (possibly artificial) streams are referred to as 
the main areas of design of digital technologies (Newell & Gregor 2000): 

• mainstream design (which often seems to be exclusively for able-bodied people); 
• the design of systems exclusively for people with disabilities (sometimes called 

“orphan” products); 
• the so-called design for all/universal design approach. 

In recent years, as the notion of accessibility has been broadened to encompass much more 
than design for people with disabilities, the concept of “universal design” has gained visibility. 
Traditional design has focused on filling the needs of the “average” person, with the 
assumption that design for the average provides for the needs of most. The universal design 
argument is that designing for the “average” is by definition exclusionary, because the 
“average” user is a fictitious construct (Bergman & Johnson, 1995). 
Proponents of universal design do not assume that all users will be able to use all designs, 
but instead argue that by redefining our definition of the user, a much wider range of users 
can be accommodated without significant extra effort (Vanderheiden, 1992). 
Universal Design is a worthy goal, but it is important to acknowledge that there are complex 
customization-related HCI (Human Computer Interaction) issues that must be resolved 
before it can be achieved with technologies.  
Critical factors of universal design are particularly related to redundancy and control. For 
example, the technical solution of providing multiple redundant interface input and output 
mechanisms is not, in itself, sufficient to resolve conflicting user needs. In the absence of any 
means for intelligently designing and customizing their use, highly multimodal interfaces 
could lead to as many usability problems as they resolve, causing some users to trip over 
features designed to help other users (Bergan & Johnson, 1995). 

5.2.3. User-centred Design 
User Centred Design (ISO 13407; Newman & Lamming, 1995; Nielsen, 1993; Preece, 1994) 
enables developers to focus on the users as the heart of the design process, and involving 
disabled people as a normal part of such design gives them the dignity of being treated in the 
same way as any other users of products. User-Centred Design implies: 

• an early focus on users, activities and context; 
• the active involvement of users; 
• an appropriate allocation of function between user and system; 
• the incorporation of user-derived feedback into system design. 

User-Centred Design is then characterised by a series of methods that allow to: 
• understand the users and their needs with respect to their activities; 
• understand and specify the context of use (make it explicit – avoid assuming it is 

obvious); 
• specify user and socio-cultural requirements (note there will be a variety of different 

viewpoints and individuality); 
• produce design solutions (prototype); 
• evaluate designs against requirements (involves real users, test, feedback into the 

requirement analysis and design phases). 
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Design is based upon understanding the domain in which people are engaged and in which 
they interact with interactive systems. The critical questions are: “What are the human 
activities the system should support?” “Which goals the user should perceive using the 
system?”. To answer these questions User-Centred Design focuses on users’: 

• abilities and real needs; 
• activities; 
• context. 

In a User-Centred Design process users are primary stakeholders: they are actively involved 
in the process and participate as members of the design team. The user involvement is 
obviously a Critical Factor in user-centred design. 
Newell & Gregor (1998), Newell (1997) suggest considering carefully whether the 
involvement of users with disabilities should impose significant changes to a User Centred 
Design philosophy. Indeed there are specific challenges when people with disabilities are 
part of the formal user group within a product development environment. These include: 

• it may be difficult to get informed consent from some users; 
• the users may not be able to communicate their thoughts; 
• users with disabilities may have very specialised and little known requirements; 
• providing access to people with certain types of disability can make the product 

significantly more difficult or impossible or dangerous to use by people with a different 
type of disability. 

A second but not less important Critical Factor is gaining a comprehensive understanding 
and a perspicuous view on user requirements in the domain of disability. This poses a 
number of methodological challenges for inclusive design. Countering design exclusion 
indeed, is not merely about the design itself but also the methods we adopt for informing 
design. It is not only that many of the important ethical and deployment issues concerning 
the development, deployment and evaluation of real systems remain unexplored, but that 
methods for eliciting needs in such a complex setting are relatively under-developed.  
For example in User-Centred Design ethnographic observation is regarded as one of the 
most important methodologies for gaining a deep understanding of the users and the context 
of use. 
This methodology implies the description of human activities and culture and it is based on 
fieldwork. It involves the study of people performing activities and interacting in complex 
social settings in order to obtain a qualitative understanding of these interactions. 
The pioneer of this method is acknowledged in Bronislaw Malinowski’s work. In the early 20s 
he changed anthropology by entering into the lives of the people and learning what they 
actually did on a day-to-day basis. Rather than questioning them from the reports of travelers 
and colonial officials, he went to places, learned their language and recorded their activity (to 
the extent possible with a still camera and a pencil on paper). 
His approach consisted in “going and getting one’s hands dirty” by conducting research 
through first hand observation. 
Although ethnography was originally associated with an interest in the study of less familiar 
and perhaps more exotic cultures, over the past few decades it has been increasingly used 
to describe the ‘naturalistic’ organisation of activities in work settings. Ethnographic studies 
are currently used for a variety of purposes, such as developing new services, new 
organisational arrangements, and the design, evaluation, and deployment of new 
technologies. 
The term ‘ethnography’ is often used interchangeably to refer to one of the several qualitative 
methods of investigation, namely fieldwork, such as participating in and observing activities. 
However, the translation of fieldwork into design recommendations and requirements in the 
design of interactive systems for disable people is often regarded as not only difficult but 
often inappropriate and intrusive. The deeply personal nature of care or rehabilitation 
activities and the difficulties in involving patients with cognitive impairments in the design 
process limit just what can be investigated, as well as how it can be investigated, and 
reporting the interactional elements in a range of activities and contexts is often difficult. 
These and other delicate issues represent potentially obdurate problems and methodological 
responses have taken a number of forms.  
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The suggestion is to keep observational studies as well as more ‘lightweight’ ethnographic 
studies with people with disabilities. It may be that we require significant shifts in our 
investigative techniques as well as in our understanding of design, to consider how 
technology relates to ‘care’ settings. 

5.2.4. Participatory Design 
The origins of Participatory Design (PD) are deeply intertwined with trade unions efforts to 
bring democracy into the work domains. During the Seventies the Scandinavian Approach 
lead by Ehn and Kyng among the others was the first that clearly recognized workers’ 
democratic participation in the organisational change process as a multi faceted issue (Ehn & 
Kyng, 1987; Ehn, 1988). The possibility to voice one’s own opinion in the management 
decision-making process is certainly one relevant means to bring the workers in a more 
active stance, but often it does not suffice. Given the pace of technological innovation one 
legitimate objective may also be to ensure that the introduction of new technological devices 
do not spoil workers’ knowledge and acquired skills. An awkward technological innovation is 
then likely to de-qualify workers from professionals/craftsmen to machine-assistants, by 
routinising and disrupting those workers’ tasks that requires professional skills (Latour, 
1991). The Scandinavian Approach tried to overcome this drawback by ensuring that 
workers’ core competencies and professional knowledge could play a major role in the 
technology design process. A design process where workers are given effective means to 
participate can more easily address real operational needs, rather than being driven by 
technological possibilities, and most of all it can exploit existing operational knowledge to 
support designers’ decisions and to solve design problems.  
By reviewing the literature on user participation in the design process different roles for users 
participating in the technology design process can be envisaged. For example, Druin (1998) 
defined four roles that children can play in the technology design process: user, tester, 
informant or design partner. Summarising, according to Druin: 

• users are children who contribute to the research and development process by using 
technology, while adults observe and videotape with the aim to test concepts and 
understand the learning process; 

• testers are children who use prototypes of emerging technologies. The goal of this 
type of research is to shape new technologies before these commercial products or 
research projects are released; 

• informants contribute at various stages of the design process mainly being asked for 
their feedback when researchers feel that children could provide needed information; 

• design partners are equal stakeholders in the design of new technologies. While 
children do not have the same specialized expertise that adults have, they have equal 
opportunity to contribute in any way they can to the design process. 

Both in-house users and testers represent traditional roles of the users in the design process. 
These roles act as informants and testers. Their involvement is supervised by the design 
team with the aim to get information needed to feed the design process. They can be 
considered as “subjects” of the study and part of the system to design and evaluate.  
A different and less traditional role is played by the mediator users (Lanzi et al., 2004). The 
mediator users are a “hybrid” category of users that mediate the relationship between the 
design team and the tester users. Being asked to hold the tester and the design team 
viewpoints, the mediators’ task consists in interpreting the behaviour of the testers according 
to the objectives and the perspective of the designers. Hence, they cannot be considered 
subjects of the study, since they are actors fully involved in the design activity. To achieve 
their goals, the mediators are given a two-fold training which concerns not only the use of the 
new system (i.e., how testers should deal with a new robotic platform) but also the evaluation 
objectives and techniques utilised by the design team to assess the system functionalities 
and redesign potential defects.  
However, if we consider to include in the design process children or adult with some kind of 
disabilities there is the possibility of a tension between issues of “needs and expectations” 
and research goals and methodologies. Sleeman (1998) comments that: «in Participatory 
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Action Research (PAR) individuals with disabilities are involved in setting the research 
agenda, developing research questions, participating in the research as researchers, 
advisors, and consultants, testing research ideas, and most importantly, evaluating the 
results of the research». This may be appropriate within a sociological research agenda, but 
in User Centred Design although the needs and wants of users are the focus of the research, 
the user can not be in control of the research, as is sometimes suggested by the proponents 
of PAR. In this respect we share the opinion of Newell & Gregor (200) who state that in 
product research and development, the role of potential users who are disabled should not 
include setting research agendas, developing research questions, the choice of evaluation 
methodologies, which need trained researchers. 
Users should be “involved in” the process, but not have a dominant role in it. The contribution 
of such users varies with their skills and experience and also is dependent on the particular 
phase of the research or development. Some parts of the process involve very intensive 
interaction with users (e.g. in evaluations of prototypes), others almost none (e.g. research 
agenda, conceptual design).  

5.2.5. Some final remarks on design development 
The designing for inclusion and accessibility implies the adoption of a design process where 
creative and analytical methodologies co-exist and inform each other. 
To this aim we suggest to adopt a co-evolutionary design approach where concept design, 
technology design and activity design are carried out in parallel so that each strand of the 
process can inform, without constraining, the others. 
The co-evolutionary design may integrate well-known design approaches, coming 
respectively from the industrial design and from the information systems design fields, but it 
can also absorb the principles of theories including activity theory, distributed cognition and 
cultural psychology (Marti & Moderini, 2002). 
Indeed the industrial design approach has its specificity in the fact that the design and 
realization phases are continuously fed by a concept generation activity. In this phase, often 
defined “simulate to stimulate”, the designers develop and visualize scenarios of use, re-
conceive the brief of the project, and specify the qualities and the attributes of the service. 
The concept generation phase allows a constant flow of innovation into the design process, 
going beyond the mere interpretation of user needs, to stimulate the demand of new 
functionalities that will transform the way in which the users see and understand their 
environment. 
On the other hand, the user-centred and participatory approaches to system design have 
been developed as a means to achieve a close fitting between user needs and habits and 
the new system to be developed through the direct participation of the users to the various 
phases of system development.  
However, pure user-centred and participatory design approaches are limited in creative 
design and concept generation, whilst the industrial design approach underestimates the 
social observation phase. 
A co-evolutionary approach may intertwine cycles in which the User Driven and the Design 
Driven development are parallel, intersecting them frequently to compare the results and re-
tune the process. Representative users of the application scenarios must be constantly 
involved in the process even if a pure creative phase of concept generation is carried out 
independently by the design team and within the design team.  
Of necessity, such kind of approach usually generates an extraordinary diversity of 
‘components’, technologies and integrated prototypes. All these activities must be performed 
in strict collaboration with end users including stakeholders at different levels (testers, 
designers, mediators etc.), where appropriate. Towards the end of the development, the 
parallel processes has to merge and produce one final result that will take advantage of all 
contribution and manage both innovation and user adaptation. 
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5.3. Ethical issues 

Research that involves children must promote their wellbeing and should be supported, 
encouraged and conducted in an ethical manner (RCPCH, 2000). According to the Oxford 
Dictionary of Philosophy, ethics is the ‘branch of philosophy concerned with the evaluation of 
human conduct’, that means ethics in research is about good practice.  
Ethical issues in non-medical research with children have received very little attention. Most 
of it has been focused into the specialist area of medical research involving invasive or 
painful procedures (Hill, 2005).  
In this section we discuses the most relevant elements related to the ethical aspect of the 
research that involves children with disabilities. 

5.3.1. Non-harmful and safe procedures 
A research project must work in the interests of the physical and moral integrity of the 
individuals involved. Subjects involved in the research must be treated in an ethical manner 
not only by respecting their decisions and protecting them from harm, but also by making 
efforts to secure their well-being and the right of their integrity (as defined by the article 3 of 
the Charter of Fundamental Rights of the EU).  
During the project development special attention must be paid to children – especially to 
children with disabilities – in order to protect them from any situations that can cause injuries, 
damage or harm. Every attempt must be made to avoid any discomfort or distress to them. 
The project is intended to create a joyful play context for the children and no pressure must 
be placed on the children to perform a specific type of interaction or behaviour.  
It is important that in each phase of the project, research procedures that may harm the child 
either physically or psychologically should not be used, and actions that risk harming other 
users should be avoided (Peterson & Murray, 2006). Psychological harm in particular 
instances may be difficult to define; nevertheless, researchers are obliged at all times to use 
the least stressful procedure whenever possible.  
Two general rules should be followed as complementary expressions of safe actions: 
maximize possible benefits and minimize possible risks. The relation between benefit and 
risk will be evaluated in a risk analysis according to ISO 14971 (Medical Devices – 
Application of risk management to medical devices, 2000). Concerning, in particular, the 
risks for children during user tests, we can say that they can be considered relatively small 
due to the nature of the research (the risk for the children is comparable to any other play 
context).  
The data collection experience is something that children in general, and even more children 
with disabilities, can find difficult (Druin, 2002). Researchers need to keep this in mind when 
designing ways to understand the impact technology has on children. As an example, the 
trial should be stopped when the child seems to become bored, distressed or wants to leave 
the room. During the research process, researchers may need continually to ask if the 
participants are comfortable, want to continue, or prefer to discontinue. Discomfort for the 
participants should be prevented as much as possible. 
The best way to respect children’s vulnerability is to carry out the research in a natural and 
familiar context. The environment should be comfortable and not anxiety producing; it should 
provide researcher and participant with the opportunity to explore the research questions in a 
relaxed, safe, and comfortable interaction. The children should never be left alone during the 
trials, i.e. the experimenter should be present in the same room and should carefully monitor 
the children’s behaviour in order to ensure their safety and wellbeing. 
Moreover, it is intuitive that the final result of the project must not harm the child or the 
secondary users psychologically or physically. Safety should be provided in systems for the 
control of robots autonomy, as suggested by the EURON roboethics Roadmap (Veruggio, 
2006). Operators should be able to limit robots autonomy when the correct robot behaviour is 
not guaranteed. 
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5.3.2. Consent 
Legally valid consent – preferably in writing – should be obtained from parents before starting 
the research. Informed consent requires the parents or other guardians to agree to their child 
participating in the project as well as giving consent to use photo/video material for scientific 
publication while not disclosing the identity of the children.  
Parents should be informed of all the features of the research that may affect their 
willingness to allow the child to participate. Researchers should give clearly written leaflets 
for families to keep. This information should include the description of the project, the 
profession and institution affiliation of researchers involved, and also the name of a 
researcher whom they can contact with inquiries.  
Researchers should explain and answer questions throughout the project and should report 
the results to the families involved. Not only the right of the responsible adults to refuse 
consent will be respected, but also they should be informed that they may refuse to 
participate or withdraw from the study at any point without incurring any penalty to them or to 
the child. Consent is not a single response; it involves willing commitment that may falter 
during a long project. Families may need to be supported and informed frequently; for all 
these reasons it is important that researchers keep in contact with parents and secondary 
users throughout the project’s duration. 
As the project involves children with disabilities, researchers should make special efforts to 
explain the research procedures to the parents and be especially sensitive to any indicators 
of discomfort in the child. 
Any other persons – such as school teachers for example – who interact with the child as a 
caregiver, should also be informed about the aim of the project and the research’s activity. All 
questions posed by such persons should be answered and the persons should be free to 
choose to participate or not, and to discontinue participation at any time.  
Also the child should be informed of all features of the research that may affect his or her 
willingness. According to the child’s age and to his/her ability to understand, a description of 
the project or of the research’s phase in which he/she is involved should be given. 
Nevertheless, answers to the child’s questions should be given in terms appropriate to the 
child’s comprehension.  
Researchers should respect the child’s freedom to choose to participate in the research or 
not by giving the child the opportunity to agree, or refuse, to participate as well as to choose 
to discontinue participation at any time. Assent means that the child shows some form of 
agreement to participate without necessarily comprehending the full significance of the 
research necessary to give informed consent. 

5.3.3. Confidentiality and data protection 
Disabled persons in general deserve an even higher degree of protection of their privacy 
than others. In the research special consideration should be granted to maintaining the 
privacy and anonymity of the users involved, strictly following ethical guidelines.

25
 Everyone 

involved in the project should have the right to the protection of personal data concerning him 
or her. All information obtained about children involved in the research should be kept in 
confidence, and identified information should not be made available to anyone who is not 
directly involved in the study. 
Participants’ confidentiality and anonymity should be maintained, and their personal privacy 
protected, accordingly to European laws (EU Directive 95/46). The identity of the participants 
should be concealed in written and oral reports, and private data should only be used and 
documented for the purposes of the project in an anonymous way. 
Anonymity of the information should be preserved and no information used other than that for 
which permission was obtained. It is the researchers’ responsibility to ensure that 

                                                 
25 See Charter of Fundamental Rights of the EU (especially articles 7, 8) and Directive 95/46/EC of the European 
Parliament and of the Council of 24 October 1995 on the protection of individuals with regard to the processing of 
personal data and on the free movement of such data. 
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responsible authorities do, in fact, have the confidence of the participant and that they bear 
some degree of responsibility in giving such permission.  
The identity of participants should not be revealed unless written permission is obtained and 
everyone has the right of access to data which has been collected concerning him or her, 
and the right to have it rectified. 
The robot should be equipped with a password to protect sensitive data needed by the 
system to perform its task or acquired during its activity. When a possibility exists that others 
may gain access to such information, this possibility, together with the plans for protecting 
confidentiality, should be explained to the participants as part of the procedure of obtaining 
informed consent.  
Besides, the robot should have an identification number and, like other sensitive systems, it 
should be able to register and document its behaviours (traceability). 

5.3.4. Encouraging desirable behaviours 
In encouraging children with various disabilities to play and interact with robotic toys, the 
researcher has the responsibility to investigate and insure that they are not encouraging 
undesirable behaviours or side effects at the same time.  
High stereotypical behaviour, frequently noted in children with autism, increase social 
isolation and frequently become self-injurious (Hudson & Chan, 2002; White-Kress, 2003). 
When using robots that are capable of a relatively limited and repetitive range of movements, 
in order to develop basic interaction skills through simple imitation and turn-taking activities 
between the robot and child, a caution must be raised that this might increase rather than 
decrease the incidence of highly stereotypical behaviour. Robins, Dautenhahn and Dubowski 
(2005) presented some examples taken from trials with robots and children with autism, 
where the children exhibit social isolation and stereotypical behaviour, and discussed 
possible ways of ensuring not to reinforce these behaviours in the children (Robins et al., 
2005). 
Children with autism have impaired social interaction, social communication, and imagination 
(referred to by many authors as the triad of impairment – Wing, 1996) that can make difficult 
to start any kind of interaction. The robot should be a mediator, a tool that can facilitate 
human contact. It should help the children who are prevented from playing, either due to 
cognitive, developmental, or physical impairments, to make the desirable contact with other 
children or adults.  

5.4. Educational issues 

The use of robots in education has been investigated by researchers in the last thirty years 
(Papert 1980; Druin & Hendler, 2000). Especially in autism therapy, the potential use of 
technology has been increasingly studied (Powell, 1996; Blocher, 1999, Robins et al., 2005). 
As to children with physical disability, Assistive Technology has been deeply studied as a 
fundamental mean to support education, rehabilitation and inclusion (Lazzaro, 2001). 
Children are often attracted to robotic device (Robins et al., 2005) and such technology may 
enable children with physical disabilities to play and facilitate learning in those who have 
cognitive challenges.  
Designers of children’s technology should concentrate not only on the mechanics of their 
interfaces but also on features that will keep children engaged. In products whose aim is 
education or rehabilitation, user motivation and engagement are as important as task 
efficiency. Value is only attained if children spend time with the product and it keeps their 
attention.  
Research shows that children with autism often interact naturally with computer technology 
or robotic devices (Michaud et al., 2000) and use it in an exploratory and creative manner. 
For these reasons educational systems should incorporate robots in their programmes and 
used them as tools to mediate the interaction between children with disabilities and their 
peers. 
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5.4.1. Educational approaches 
In education there are three basic theoretical approaches to learning, namely behaviourism, 
cognitivism, and constructivism. 

a) Behaviourism is an approach based on observable changes in behaviour; it focuses on 
a new behavioural pattern being repeated until it becomes automatic. It is particularly 
associated with Watson and Skinner’s researches and to the concept of reinforcement 
and the ‘cause and effect’ relationship. The teacher’s job consists of reinforcing 
children when they exhibit desired responses. Learning is viewed as a sequence of 
stimulus and response actions in the learner. Although these approaches have been 
criticized for use in the general education setting, they have shown promising research 
results, particularly for children with learning problems. 

 A lot of educational technologies, such as drill-and-practice software, are based on a 
behaviouristic approach; the student is offered the possibility to exercise on pieces of 
information organized in a hierarchical structure. Feedback is given both to positive and 
negative answers, to drive learn in the right direction. 

 In the most reductionist version of this approach, the computer can even substitute the 
educator, since the value of human relationship in education is disregarded, as well as 
the role played by higher level cognitive functions in determining the quality and the 
depth of learning. 

b) Behaviourism has generally dropped out of favour since the development of cognitive 
psychology. Cognitivism is based on the thought process behind the behaviour. 
Changes in behaviour are observed, and used as indicators as to what is happening 
inside the learner’s mind. Children actively construct knowledge and this construction 
of knowledge happens in a social context; from there the importance of the 
environment has been considered. Vygotskij proposed that all learning takes place in 
the ‘zone of proximal development’. This ‘zone’ is the difference between what a child 
can do alone and what he/she can do with assistance. By building on the child’s 
experiences and providing moderately challenging tasks teachers can provide the 
‘intellectual scaffolding’ to help children learn and progress through the different stages 
of development. The cognitive methods emphasize students’ ability to solve real-life 
problems. They tend to focus on projects that require solutions to problems rather than 
on instructional sequences that require learning of certain content skills. 

 This learning approach is more addressed to the needs of typical development children 
and children without disabilities, and it gave its most important contributions to the field 
of educational software with the now widespread tools for knowledge representation 
such as hypertexts, hypermedia, and conceptual maps. 

 Anyway, these applications has also been proved their effectiveness, under specific 
contextual conditions, in the learning and teaching processes including children with 
disabilities (Cañas et al., 2005). 

c) The last theoretical approach developed is based on the premise that we all construct 
our own perspective of the world, through individual experiences and schema. 
Constructivism focuses on preparing the learner to solve problems in ambiguous 
situations (Ackermann, 2001). One of the key ideas is that learning should be 
meaningful and related to real life situations. Children with learning disabilities will 
benefit from this approach because of their difficulty in generalizing from the classroom 
to other settings. With the realistic examples built into the instruction, the children have 
specific practice with generalization. Active learning is an important aspect of a 
constructivist approach. When students are actively involved in the lesson, they learn 
and retain the information (Harris & Alexander, 1998). 

 Modern constructivism is strongly involved in developing innovative models to share 
and build up knowledge within communities thanks to cooperative methodologies 
(Johnson & Johnson, 1990); technology play a fundamental role to accomplish this 
scope, since it is the basic tool to create online learning environments, through the use 
of local and global networks (Scardamalia & Bereiter, 1999). 

 Moreover, teachers following a constructivist perspective base their instruction on what 
the students already know as a foundation. Children with autism tend to engage in 
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more social interaction when activities are ones they prefer or when the materials that 
appear in them are predictable. 

 This educational approach helps children with learning disabilities; a new learning 
experience does not seem so frustrating when it is giving to them the chance to start 
with something familiar. In addition, the new constructivist trend that supports building 
of communities is very interesting to the scope of sustaining the inclusive educational 
project. 

5.4.2. Educational trends 
While constructivist, behaviourism, and cognitivism learning theories have all added value to 
the learning process, within the last two decades, there has been a focus on inclusion in 
education. As express by the Madrid’s Declaration (2002) disabled people must be 
integrated in society and not be a source of segregation; inclusion in the education system is 
the first step towards an inclusive society. 
Inclusive education means that all students in a school, regardless of their strengths or 
weaknesses in any area, become part of the school community. Specifically, the Individuals 
with Disabilities Education Act (IDEA, 2004) stipulates that children with disabilities are to be 
educated with children without disabilities to the maximum extent possible. Special classes 
occur only when the nature or severity of the disability is such that education in regular 
classes with the use of supplementary aids and services cannot be achieved satisfactorily. 
As expressed by the Salamanca Statement and Framework for Action on Special Needs 
(Unesco, 1994) every child has a fundamental right to education, and must be given the 
opportunity to achieve and maintain an acceptable level of learning. The Salamanca 
Statement underlined with authoritativeness the importance of sustaining and developing 
policies and strategies of educational inclusion of disabled people. Children with disabilities 
are not expected to earn their way into early childhood programs by having the necessary 
entry skills; instead programs may need to make special accommodation to make the 
inclusive experience successful. This view of inclusion is based on the belief that inclusion 
can be appropriate for all children; making it work successfully depends on planning, training, 
and support. 
In inclusive programs, children with special needs learn skills that help them become 
successful and independent.  Inclusion of children with disabilities or special needs with 
typically developing children in child care programs is beneficial to all the children; children 
who learn together, learn to live together. Parents of typically developing children often report 
beneficial changes in their children’s confidence, self-esteem, and understanding of 
diversity.  

5.4.3. Tool for learning 
Play is the primary vehicle for learning for a young child. It is through play that a child learns 
about the environment. For children who have little or no physical means of interacting with 
their environment, the experience of learning to control the environment is minimal. Assistive 
Technology should enable these children to play and facilitate the development of cognitive, 
language, motor, perceptual and social skills. When a robot is used in play, it can become 
also a learning tool. 
Many experiences has been conducted in this field at an international level, demonstrating 
the high potential of these tools as a support for the development of higher level cognitive 
functioning such as thinking, reasoning, problem solving, etc. This is mainly obtained by 
exploiting the possibility to program and interact with these tools, within social and sharing 
environments (Chioccariello et al., 2004, 2003). 
The robot is a tool to guide the child through increasingly complex interaction dynamics, 
engaging him in synchronous and imitative interaction games. Usually, mirroring/imitation 
methods used by a teacher are highly time and labour-consuming and require the teacher to 
undergo specific training. A robotic aid could provide an economical means to take some of 
the strains off teachers and/or parents. A full bodily interaction in imitative interaction games 
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is an important factor in a child’s development of social skills, and could help children with 
autism in coping with the normal dynamics of social interactions. 
The robot develop is not intended to replace teachers, caretakers or people in generals, it 
should mediate between the unpredictable way people interact and the more predictable 
behaviour of machines. The adult has an active role in play alongside the robot; the adult is 
actively engaged with the child’s play and helping the child to play. 
Teaching methods for children with autism are often based on highly structured teaching 
sessions (Watson et al., 1989) where the children are explicitly encouraged to make eye-
contact, take turns in a social setting, and associate facial expressions with emotions (Howlin 
et al., 1999). Robots in education and therapy provide the big opportunity for, and have the 
advantage of, putting the child in control, under the possible guidance of (and feedback from) 
the teacher but with the child learning at his/her own pace (Dautenhahn & Billard, 2002). The 
robot should be used by the teachers without replacing the personal interaction between 
children in classes, but providing an additional tool that enhances the opportunities for 
children with disabilities to take part in joint play activity with other children. 

5.4.4. Advice for educational practice 
The successful inclusion of children with disabilities in regular schools is a difficult process 
that requires the cooperation of professionals from different fields: education, rehabilitation, 
technology and research. In Italy school and health policies aiming at the full inclusion have 
being developed since more than three decades; this led researchers to clearly define some 
effective inclusive strategies. Ianes (2006) proposes this summarizing overview: «1) the link 
between and individualized programming and the class curriculum; 2) classmates and 
schoolmates involvement; 3) integrating behavioural strategies into the regular learning 
activities and educational relationships; 4) metacognitive teaching and learning; 5) 
information communication technology». 
Anyway, the introduction of technology in educational settings needs competence and 
awareness about the possibilities it offers, but also the limits in which they impose. 
As mentioned above, different from interactions with human beings, interactions with robots 
can provide a simplified, safe, predictable and reliable environment, and the robot can 
become a preferable object for joyful interactions. Robins et al., showed that providing a 
stress-free environment, with a high degree of freedom, facilitates the emergence of 
spontaneous, proactive, and playful interactions with robots (Robins et al., 2004). Robins et 
al. (2005), also showed how these kind of interactions could encourage elements of social 
behaviour that is directed at the robot, which can encourage the children to develop 
‘attachment’ or ‘bonding’ with the robot. 
For a child who is usually withdrawn and does not participate in any interaction with other 
people, ‘bonding’ with a robot could provide safety and comfort. But it would be beneficial 
only if it is used as a step towards the possibilities of ‘human’ interactions (interacting with 
other people) that are far more unpredictable and complex. The robot should be used as an 
object of shared attention, encouraging pro-active social behaviours and interaction with 
peers and adults, eliciting eye contact, and teaching the child the basics of turn-taking and 
interaction games. 
Within the educational practices that should be considered in intervention programs for 
young children with autism, great consideration should be given to assessing social 
interaction in naturalistic settings – including classrooms and homes – with children and 
adults as interactive partners. Although children with autism often possess social interaction 
skill delays and deficits, existing research suggests significant variation in the performance 
levels of individual children (Sigman & Ruskin, 1999). As a result, educational and other 
interventionists must explicitly assess social interaction rates, under natural conditions and in 
multiple settings, to evaluate the needed scope for social interaction intervention. 
The environment of the interaction should be arranged to prompt and support social 
interaction. It is important to create a ‘therapeutic’ environment for promoting social 
interaction for young children with autism. Environmental features should include an overall 
schedule and activity structure that is predictable, preferred, and appropriate for social 
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interaction; is should also include access to typically developing children and social 
interaction partners (Mundschenk & Sasso, 1995). 
A noteworthy point is to promote teaching specific social skills to children with autism in order 
to provide intervention to prompt social interaction. Educational practice should include some 
level of direct intervention for producing social interactions between children with autism and 
typically developing peers. 
Educational intervention on social interaction must be developed over an extended period of 
time, to allow and extend learning skill through time and in different contexts.  

5.4.5. Assistive Technology assessment  
An area in which many AT researchers have struggled is scientific methods for data 
collection and analysis, that is, developing randomized clinical trials. Most AT research tends 
to be ‘evidence-based’ or qualitative data, whereas the research community at large prefers 
quantitative methods such as the classical randomized trials. As research in the AT field 
matures it is growing beyond single-subject case studies. While there is not general 
acceptance of an AT outcomes instrument, there are several researchers in North America 
and Europe working to develop such instruments (DeRuyter, 1995). 
An AT device should be effective (really performing the task it is expected to do), contextual 
(well suited to the environment and context of use), and consonant (consistent with the 
user’s lifestyle and personality). It would be insufficient to make AT decisions on the basis of 
mere task analysis (the person’s resources vs. the activity to be carried out) as if the 
individual were isolated from the world. In fact, the context of use plays a fundamental role 
since it defines the individual’s world of relations. 
A clear understanding of the user’s needs is the first step to building an effectiveness system 
(Besio, 2002b). The ultimate objective of the project is, through a robot device, to enable 
children with disabilities to play with other children or adults. 
Effectiveness is measured in terms of the impact of the ‘product’ on the consumer’s life and 
needs. Therefore, the resulting measurements must focus on the consumer and the results 
of the Assistive Technology intervention.  
When researchers consider the resulting measurements for Assistive Technology systems, 
they need to develop measures and standards of performance that allow a careful 
determination of the effectiveness of such systems. Defining a baseline performance, they 
can then determine progress over time by comparing performance to this baseline. 

5.4.5.1. Matching Person and Technology & Child (MATCH) 
Matching Persons and Technology (MPT) (Scherer, 1994) has been designed for assisting 
technical aids advisers to better identify the areas of individual needs that could be solved 
through AT, and the individual predisposition to adopt technological solutions. This 
instrument helps to decide if a technology is the most appropriate choice given the 
characteristics of the person, technology and environment; and to decide on the most 
appropriate training strategies to ensure optimal use of a technology. The model focuses on 
the interaction of the user’s experiences, preferences, and needs with the functions and 
features of an AT device within a given environment. 
To provide a more specific approach to matching children with the most appropriate 
technologies for their use, Matching Person and Technology & CHild (MATCH) has been 
developed. The MATCH process consists of a progression of instruments designed for 
Assistive Technology evaluators, technology providers, therapists, and parents concerned 
about achieving the most appropriate match of a child with an AT.  Each of the instruments is 
meant to be completed by the child/parent and evaluator in partnership so that dialogue 
occurs around options, expectations, and concerns. The instruments are quick, easy and 
self-explanatory and no specific scoring system need be used for most practical applications 
(Scherer et al., 2005). It is believed that careful completion of each instrument item and 
observation of the balance of positive to negative responses will often give the provider 
sufficient insight to determine the quality of the match of a person and a technology.  
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This instrument is addressed to children without cognitive impairment; otherwise a better 
solution to investigate the user’s need is conducting a qualitative observation for an extended 
period. 

5.4.5.2. User Satisfaction: COPM and QUEST  
Any discussion of AT effectiveness must consider the recommended system and how well it 
meets the consumer’s needs. Therefore, the factors used to evaluate the effectiveness of the 
AT device must be based on criteria that are important to the users (primary and secondary). 
Measuring consumer satisfaction provides success at meeting consumer needs and 
expectations. 
User satisfaction is the consumer’s perception of the degree to which the Assistive 
Technology device achieves the desired goal(s). This is a multidimensional phenomenon that 
requires qualitative measures (Demers et al., 1996), but several quantitative instruments 
have been developed to evaluate users’ satisfaction. For example consumer satisfaction can 
be evaluated using the COMP (Canadian Occupational Performance Measure), an 
instrument that assesses the perspective of the individual with a disability (Smith, 1996; Law, 
1990). It is a mix of quantitative and qualitative data that provides a valuable perspective for 
Assistive Technology outcomes assessment. 
Another quantitative instrument to evaluate the user’s satisfaction is the QUEST (Quebec 
User Evaluation of Satisfaction with Assistive Technology). It is an outcomes-measurement 
instrument designed to evaluate a person’s satisfaction with his AT device; it allows 
rehabilitation professionals to consider a person’s psychological and physical comfort. 
Knowing the sources of user comfort and the reasons for any discomfort can help explain the 
reasons for use, non-use, or abandonment of the AT. 
Different criteria were used in the development of the QUEST (Demers et al, 1996). The first 
is the recognition that user satisfaction is a multi-dimensional phenomenon that includes a 
broad range of variables (Jutai, 2001), each of which can affect the user’s satisfaction with 
assistive technology. The second criterion relates to the inclusion of three types of variables: 
those involving the environment, pertinent features of the user’s personality and the 
characteristics of the Assistive Technology itself. The third was the recognition that the user 
himself should determine the relative importance of the satisfaction variable.  This aspect 
reflects the highly subjective nature of the user satisfaction measure.  
The QUEST was designed to be simple to understand and easy to use by AT practitioners 
when evaluating satisfaction; it requires approximately 30 minutes to administer and is 
guided by a three-part form. 
One limitation with satisfaction survey instruments is that they often ‘top out’, i.e. individuals 
use either the highest or lowest score, and the range of a scale is lost. Moreover, they are 
applicable when the subject is an adult and less reliable when the subject is a child, and 
especially a child with cognitive impairment. 

5.4.5.3. Impact on Quality of Life: PIADS 
As mentioned before the primary outcome measures used for assessing the effectiveness of 
Assistive Technology devices in a broader social context are quality of life measures. 
Assistive Technology manufacturers often claim that their device ‘improves the quality of life’ 
of the consumer.  
In order to address the need for quality of life related measures in assessing Assistive 
Technology outcomes, Day and Jutai (1996) developed the PIADS (Psychosocial Impact of 
Assistive Devices Scale). The development of the PIADS was based on information obtained 
through focus groups of the experiences of users of assistive technology. It is a 26 item self-
rating scale intended to measure positive and negative impact of assistive devices on the 
quality of life of the users of these products, by defining a scale from –3 (maximum negative 
impact) to +3 (maximum positive impact).  
The PIADS includes three subscales: competence (the impacts of a device on functional 
independence, performance, and productivity), adaptability (the enabling and liberating 
effects of a device) and self-esteem (the extent to which a device has affected self-
confidence, self-esteem, and emotional well being). This multi-dimensional aspect of the 
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PIADS contributes to its reliability and validity as a measure of the psychosocial impact of 
assistive technologies on the consumer. 
The utility of the PIADS is that it can predict at a significant statistical level the retention or 
abandonment of assistive devices.  
Like the other quantitative tools, the PIADS also is difficult to apply when the subjects of the 
assessment are children with cognitive impairments. A better choice is to evaluate 
improvements in the quality of life based on a qualitative method, built up with the framework 
beyond this instrument. 

5.5. Rehabilitation issues 

Rehabilitation is defined as an active and dynamic process by which a disabled person is 
helped to acquire knowledge and skills in order to maximise physical, psychological and 
social functional ability, and minimize disability and handicap (Barnes & Ward, 2000). The 
objective is to support people to perform tasks in their daily lives.  
Robots have the ability to become a useful tool to contribute to the child development and 
rehabilitation process. The use of robot devices in rehabilitation allows children with 
disabilities to gain more independence and control with considerable improvement in quality 
of life. Children with autism, like most other children, show a great affinity towards robots 
(Dautenhahn & Werry, 2004), which allows robots to be used as successful tools in 
rehabilitation and educational contexts by experience therapists (Robins & Dautenhahn, 
2006). The robot should be used like a channel for communication and indirect interaction 
with the therapist in a way that encourages children with autism in coordinated and 
synchronized interaction with the environment.  

5.5.1. Occupational and Play Therapy 
Rehabilitation takes into account not only the necessity in daily life for the disabled person to 
make use of damaged functions and mental capacities, but also the specific meaning that 
those damaged abilities have in the everyday life of those disabled people. By introducing 
play with toys in the life of children with motor disabilities, we can influence their cognitive 
development and improve their learning abilities. 
Occupational therapy is the evaluation and treatment of physical and psychiatric conditions 
through selected activities; the goal is to help people learn physical skills they need to 
function and become as independent as possible. Occupational therapy uses people’s 
strengths to help them cope with their disabilities. Through therapy, disabled people can 
achieve improvement in communication and movement, and can become more independent. 
A variety of intervention approaches are used in occupational therapy to stimulate 
engagement in an activity. Outcomes or progress is noted through improved occupational 
performance, client satisfaction, role competence, improved health and wellbeing, prevention 
of further difficulties, and improved quality of life. 
Since play is the most important child activity and the best way to learn, play therapy can 
provide an important role in increasing quality of life, learning skills, and social inclusion. 
Occupational therapists regard play as a primary, all-encompassing occupation of childhood 
(Stagnitti & Unsworth, 2000). Play allows children to learn and practice new skills in safe and 
supportive environments, and it is the primary means by which children gain multiple 
developmental and social skills.  
Play has been described as having a positive influence on a number of developmental areas, 
including social competence (Sturgess, 2003; Vygotskij, 1978). Peter (2003) suggested that 
during pretend play, children strengthen their awareness of social norms by engaging in 
imaginary situations that bring social opportunities and consequences. Children who lack the 
ability to interact spontaneously with their environment and other people are more likely to 
have impaired social understanding (Stagnitti & Unsworth, 2000). 
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5.5.2. Physiotherapy rehabilitation 
Physiotherapy is the treatment of disorders of movement and function in the human body 
caused by problems in the muscles, bones or nervous system. Children with cerebral palsy 
can benefit from various therapeutic interventions and a robot toy could be used during a 
physiotherapist’s session to treat these disorders by natural methods such as exercise and 
manipulation.  
Over the decades, there has been continuous progress in technological developments for 
rehabilitation (Gelderblom et al., 2003) and robots have been developed from the promise 
that children with severe impairments will benefit from these tools. 
It is important that parents and carers are involved in the therapy process on how to lift 
properly and how to position the disabled person for whom they care. They may teach a 
series of exercises that can be carried out regularly at home and the robot can be a useful 
tool to support the interaction and the activities. Physiotherapists, occupational therapists, 
and speech therapists often work closely together to devise treatment programmes that will 
meet the needs of both the child and the family. As the nature of cerebral palsy varies 
immensely, the therapy should be adapted to the needs of the child. 

5.5.3. Advices for Therapeutic practice 
During therapeutic session the robot should be used to engage autistic children in simple 
interactive games with the aim of encouraging basic communication and social interaction 
skills. Varieties of interactions can be realized (one child, or two children simultaneously, 
playing with a robot). The main purpose of the robot is to prevent social isolation and 
encourage interaction between the child and others children or careers, without reinforcing 
stereotypical behaviour. 
The activities that are therapeutically relevant and that can be addressed during play with the 
robot are related to the concepts of communication and interaction dynamics, such as: 

• eye gaze and attention in communication and interaction; 
• turn-taking; 
• coping and imitation games; 
• communication with other children and adults; 
• proactive behaviour and play skills. 

Imitation and turn taking games are used in therapy to promote better body awareness and 
sense of self, creativity, leadership, and the taking of initiative both in children and adults 
(Robins et al., 2005). Imitation plays an important part in social learning and a critical role in 
the development of social cognition and communication skills, helping a child in forging links 
with other people.  
For children with autism it is often difficult to cope with novel situations or interruptions of 
their daily routine. In designing therapy program to encourage children with autism to interact 
with a robot assistive device, it is important to follow a fixed routine; any unplanned changes 
in the schedule of activities can significantly affect the children’s behaviour because of the 
change to their routine. 
During the rehabilitation session the complexity of interaction with the robot should be 
controlled and gradually increased, as the robot is considered as an object of shared 
attention, intended to encourage interaction with peers (other children with or without autism) 
and adults. Slowly increase the complexity of the therapeutic toys is an excellent starting 
point for a therapeutic intervention. Children rapidly become bored by simple robots; the 
more complex the behaviour of the robot is, the more the child is engaged. This could be 
particularly pertinent when robots are used in a therapy context. 
Robots that can adapt to children’s play will have numerous benefits within a paediatric 
rehabilitation field. Adaptation would allow robotic system to tailor their behaviour to the 
individual, rather then the individual adapting their behaviour to the robotic device. For 
instance, the robot could manifest a slow unthreatening behaviour when it detects a shy, 
cautious child. Similarly, it could exhibit a faster and more interesting behaviour if it detects 
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an active child. This would also have longitudinal benefits as the robots could change and 
adapt with the child over time (Michaud et al., 2007). 
For children with cerebral palsy repetitive exercise plays a key role in therapy. The robot can 
help caretakers to get children to comply with a prescribed exercise regime. 
The system needs to be able to recognize individual differences among the children (e.g. 
play or other interaction styles), so that they can adapt their own behaviour accordingly 
(Michaud & Theberge-Turmel, 2002). 

5.5.4. Assessment  
Long-term studies are vital for demonstrating any therapeutic effect or impact the robot might 
have on the children. A possible line of enquiry is to investigate how long children and their 
caregivers need to be involved in an intervention before a measurable change can be 
detected and how to measure this change. This kind of information is important to parents 
who are anxious to see improvements in their child and may be encouraged by early positive 
feedback. Early detection of a child’s responsiveness to a particular intervention can also 
lead to more efficient use of time and resources while maximizing intervention outcomes for 
young children and their families. 
Because of the importance of play in childhood, it is imperative that therapists use valid and 
reliable measures of play in order to facilitate interventions (Stagnitti, 2004). Rehabilitation 
professionals should evaluate the appropriate Assistive Technology on an individualized 
basis (match consumer with AT – see assessment in educational issue). It is important to 
avoid employing Assistive Technology that is inappropriate and counter-productive (Peterson 
& Murray, 2006). 
Several instruments have been developed to measure the outcomes of rehabilitation 
processes, although none of them still seem to be sufficiently responsive to Assistive 
Technology (Andrich et al., 1996). The Functional Independence Measure (FIM) is widely 
used in assessing the outcomes of rehabilitation interventions and it is based on a medical 
model of assessment which places importance on cure (Smith, 1996). The FIM measures the 
individual’s performance on 18 items under the categories of self-care, transfers, locomotion, 
communication, and cognition. The Occupational Therapy Functional Assessment 
Compilation Tool (OT FACT) takes into consideration environmental factors and any devices 
or adaptations that contribute to this performance.  
Such assessment instruments can help to explore the extension of needs, but they often tell 
little about the individual perception, priority, dynamics and emergence of needs. One need 
that is such for the majority of people may be not felt as a need by an individual; in other 
words each need is weighted differently by various children. 
According to Couch et al. (1998), the majority of occupational therapists use clinical 
observations as the main method of assessing play. 
As Stagnitti & Unsworth (2000) suggested, the use of assessment of play by occupational 
therapists is low as a consequence of the lack of available, reliable and valid tools that allow 
assessment of children in a clinical setting. 
In regard to pretend play, there are three standardised assessments available: the “Test of 
Pretend Play” (Lewis & Boucher, 1997), assesses symbolic play; the “Symbolic Play Test” 
(Lowe & Costello, 1976), assesses functional play; and the “Child-Initiated Pretend Play 
Assessment” (ChIPPA).

26
 The last one is the only assessment that measures both 

conventional imaginative play (functional play) and symbolic play in the same assessment 
(Swindells & Stagnitti, 2006). 

                                                 
26 Other scales have been cited in Cluster of Factors no. 1 (Factors related to Play, Factor 1.3.4.). 
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6. CHECKLIST OF CRITICAL FACTORS 
The aim of this checklist is to support the end-user (educator, rehabilitation professional, 
researcher, etc.) in considering all the Critical Factors involved when using a robot toy or 
developing a new one that children with disabilities can play with. 
In this chapter the Critical Factors – that have been studied and discussed in detail in the first 
part – are presented in a brief and concise checklist, that can be used as a quick compass to 
direct the reader in this complex matter. As underlined in the introduction this checklist is 
based on a three-level structure: X cluster of CF, XX Class of CF, XXX Critical Factor. 
By reviewing the classes and the described Critical Factors, the end-user should first decide 
whether or not such a factor is relevant in the specific case. If it is relevant, he/she should 
consider the attributes presented before making his/her choices; attributes are described in 
depth in the first part of this document, where they are presented in detail with their 
theoretical implications. 
When end-users want to try to introduce robots as a support for the play of children with 
disabilities, they can start from different points: the child with his/her special needs, the 
context in which the experience should be developed, the robot and its functionalities, the 
type of play that should be implemented... Each of these issues can be used in fact as a 
starting point, since it is strictly related to the others. 
Consequently, while the checklist is useful as a summary of the overall topic, it does not give 
the right idea of the complexity of the correlations between factors. To avoid loosing some 
useful information, another instrument has also been created, i.e. the final conceptual map 
that shows the most important interrelations among Critical Factors and at least some 
singled out classes. The conceptual map is intended to allow the end-user to become aware 
of all the possible relationships involved that may affect each step in the decision flow. 
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1. Factors related to Play 

1.1. The Functions of Play 
Factors related to the different functions of the play in the child’s development according to 
different psychological and pedagogical approaches 

1.1.1. Play as a driving force for cognitive development 
• makes it possible to understand the world through active play experience 
• consolidates the abilities and competence the subject already possesses 
• favours and supports symbolic mental activity 
• causes the assimilation process of the outside world (Piaget) 
• activates problem solving activities and heuristic procedures (Bruner) 
• mediates the transition from egocentrism to decentralisation stage (Laeng) 

1.1.2. Play as the product and driving force of social development 
• is the source of child development and creates the Zone of Proximal Development 

(Vygotskij) 
• causes interiorisation of rules and child’s social development 
• actualises dreams and wishes thus favouring adaptation to reality 
• can be used as a measure of the child’s social development 
• provides a mean to communicate and to socialise with adults 
• develops from imitation to cooperation, this last being a maturity goal 

1.1.3. Play and emotional development: diagnostic function, therapeutic function 
• is the expression of unconscious symbolism 
• has a cathartic function through the “coaction to repeat” mechanism (Freud) 
• is the most important process for child’s healthy development (Bettelheim) 
• supports the transition from dependence to independence (Winnicott) 
• as the realisation of an unconscious dream (Klein) it becomes a therapy tool to 

overcome painful and traumatic experiences 

1.1.4. Play-related aspects to neuropsychological development 
• focused attention / motivation / representational capacities 

1.2. Types of Play 
Numerous types of play activities have been identified in the history of human thought. The 
choice among them can become a Critical Factor. 

• motor and gymnastic games / make-believe and symbolic games 
• game / play 
• structured play / unstructured play 
• playing with objects / construction / symbolic play / imitative play / popular games / ... 
• new games / simulation games / role games 
• Agon / Alea / Mimicry / Ilinix (Caillois) 

1.3. Development Stages of Play 
Factors related to the different stages that play can assume during the child’s development. 
Numerous proposals have been developed in the past decades: the choice among them 
depends on the adopted cultural approach and/or on the focus of the activity. 

1.3.1. Stages of play according to Piaget 
• object use: sensorimotor / direct representation / indirect representation (Piaget) 
• practice stage / symbolic stage / rules stage (Piaget) 
• functional stage / constructive stage / symbolic stage / rules stage (Smilansky) 
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1.3.2. Some alternative proposals 
• solitary play / parallel play / associative play / cooperative play (Parten) 
• sensorimotor play / simulation / simulation with objects / simulation with substitution / 

socio-dramatic / role-playing / games with rules (Rubin) 
• sensorimotor / pretence-symbolic / social / constructive (Santrock) 

1.3.3. Development of play with objects 
• mouthing, simple manipulation / functional manipulation / relational / functional-

relational / enactive naming / pretend self / pretend other / substitution / sequence 
pretend / sequence pretend substitution / double substitution (Belsky & Most) 

• pretend self / pretend other / object substitution / planning (Gowen et al.) 
• using a conventional object out of context or applying a previous scheme to a new 

object / relating objects to self with exaggerated actions suggesting an understanding 
of pretence / directing play actions toward dolls / sequencing play actions / 
hierarchical play (McCune) 

• construction play with blocks: no integration / use of one block to join or span another 
block / integration / arches or bridges on two nonparallel planes (Sluss) 

1.3.4. Diagnosis of play capabilities 
• play observation techniques: facilitated by an adult / initiated and organized by the 

child 
• evaluation scales: Symbolic Play Test / Westby Play Scales / Block Play/Block 

Construction Scale / Transdisciplinary Play-Based Assessment / Uzgiris & Hunt test 

1.4. Play Contexts 
Factors related to the different possible contexts of play. Special contexts are education and 
rehabilitation, since they explicitly promote child’s learning. 

• freedom in time / freedom in space 
• context marks of play (“This is play”, Bateson) 
• indoor / outdoor / special place (sport) 

1.4.1. Play in the educational context 
• play activities (demanding, continuative, progressive, purposeless) / “play-like” 

activities (demanding, continuative, progressive, purposeful) (Visalberghi) 
• characteristics: well-structured relationships / expressed rules / stable guide by adults 

/ pedagogic objectives 
• developmental objectives: cognitive / emotive-affective /socio-relational / socio-

cognitive 

1.4.2. Play in rehabilitation 
• scopes: to teach to play in daily life / to use play for rehabilitation purposes 
• therapist role: play companion / rehabilitation controller 
• maintaining a clear playful context mark / concentrating on the therapeutic objective / 

solicit the child’s active participation through motivation 

1.5. Play Mediators 
Factors related to the description of some mediators of play. 

1.5.1. Toys and toy classifications 
• formal toys / informal toys 
• classification based on motor development (0-30 months): for first exploration / to 

throw and touch / for global motor activities / for segmental activities (Lézine) 
• classification based on relationship with objects (9-36 months): patterns of 

exploration(mouth, fingers, ...) / investigation (touch, turn, ...) conventional use / 
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symbolic use / creative use / object action relationship / object-function relationship / 
symbol- action relationship / non existent objects / transforming objects (Garvey) 

• ESAR classification: toys for Exercise play / toys for Symbolic play / toys for 
Assembly play / toys for Rule play (Garon et al.) 

1.5.2. Play in educational and rehabilitative relationships  
• educational elements: cooperation / support / dense communication (Garvey) 
• specific purposes of interaction: to grab the attention / to simplify the task / to 

maintain orientation / to prevent the child from feeling frustrated (Bruner) 
• individualisation of the play activity: child’s limits, possibilities, wishes, preferences, 

rhythms, ... 
• interaction elements: child-environment / child-therapist / child-object-toy 
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2. Factors related to the Individual according to ICF-CY 

2.1. Body Functions 
Factors related to the physiological functions of the body systems, including psychological 
functions. They can represent problematic aspects in the robot design activity, and for the 
participation to play activities. Individual factors should be evaluated in strict relationship with 
environmental factors. 

2.1.1. Global mental functions 
• orientation functions: orientation to objects / to self/ to others/ to time / to space / to 

place / to person 
• intellectual functions 
• global psychosocial functions 
• disposition and intra-personal functions: adaptability / responsivity / activity / 

predictability / persistence / approachability 
• temperament and personality functions 
• motivation – energy and drive functions 

2.1.2. Specific mental functions 
• attention functions: sustaining attention / shifting attention / dividing attention / sharing 

attention 
• memory functions: short-term memory / long term memory / retrieval of memory 
• psychomotor functions: psychomotor control / quality of psychomotor functions / 

organisation of psychomotor functions / manual dominance / lateral dominance 
• emotional functions: appropriateness/ regulation / range 
• perceptual function: auditory / visual / olfactory / gustatory / tactile / visuospatial 
• thought functions: pace of thought / form of thought / content of thought / control of 

thought 
• basic cognitive functions 
• higher-level cognitive functions: abstraction / organization and planning / cognitive 

flexibility / judgement 
• mental functions of language: reception of language / expression of language / 

integrative language functions 
• mental functions of sequencing complex movements 
• experience of self and time functions 

2.1.3. Sensory functions 
• sight functions 
• functions of structures adjoing the eye 
• hearing  functions 
• touch functions 
• sensitivity to vibration 

2.1.4. Voice and speech functions 
• production of voice 
• quality of voice  
• articulation functions  
• alternative vocalization functions 

2.1.5. Neuromusculoskeletal and movement related functions  
• functions of joints and bones 
• muscle functions 
• movement functions 

2.2. Activities and Participation 
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Factors related to the activities in which children can be involved or find difficult to do. 
Activities in the ICF framework are considered as a bridge to participation to the social 
contexts of life. Both are linked to the contextual factors and influence the play approach. 

2.2.1. Purposeful sensory experiences  
• watching 
• listening 
• other purposeful sensing 

2.2.2. Basic learning 
• copying 
• learning through actions with objects: simple actions on a single object or toy by 

manipulating, banging, moving, dropping, etc. / simple actions relating two or more 
objects, toys or other materials without regard for the specific features of the objects 
toys or materials / actions relating two or more objects, toys or materials with regard 
to specific features, e.g., lid on box, cup on saucer / actions relating objects, toys or 
materials symbolically, for example, feeding or dressing for a toy animal or doll / 
actions involving pretence, substituting a novel object, body part or body movement 
to enact a situation or event, for example, pretending that a block of wood is a car, 
pretending that a rolled up cloth is a doll 

• acquiring language: acquiring single words or meaningful symbols / combining words 
into phrases / acquiring syntax 

• rehearsing 
• acquiring skills: basic skills / complex skills 

2.2.3. Application of knowledge 
• focusing attention: attending to the human touch, face and voice / atending to 

changes in the environment 
• directing attention 
• thinking: pretending / speculating / hypothesizing 
• solving problems and making decisions 

2.2.4. General tasks and demands 
• undertaking single/multiple task: single or complex related to the mental and physical 

components of a single task / simple or complex related to complex and integrated 
tasks in sequence or simultaneously / independently vs in a group 

• handling stress 
• managing one's own behaviour: acceptance of novelty / approachable persons or 

situations 

2.2.5. Communication 
• communicating with – receiving – spoken messages: responding to the human voice / 

comprehending simple spoken messages / comprehending complex spoken 
messages 

• communicating with – receiving – nonverbal messages: body gestures / general signs 
and symbols / drawings and photographs  

• communicating – producing – speaking  
• communicating – producing – pre-talking 
• communicating – producing – nonverbal messages: body gestures / signs and 

symbols / drawings and photographs 

2.2.6. Mobility  
• body: maintaining a body position / transferring oneself / walking / moving around / 

moving around using equipment 
• objects, lifting and carrying: lifting / carrying in the hands / carrying in the arms / 

carrying on shoulders, hip and back / putting down / moving objects with lower 
extremities / pushing with lower extremities / kicking 
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• objects, hand and arm use: pulling / pushing / reaching / turning or twisting / throwing 
/ catching 

• fine hand use: picking up / grasping / manipulating / releasing / fine coordinated hand 
use 

2.2.7. Interpersonal interactions and relationships 
• general interpersonal interactions: basic / complex 
• particular interpersonal relationship – informal social relationships 
• particular interpersonal relationship – family relationships: parent- child / child-parent / 

sibling / extended family 

2.2.8. Major life area 
• informal education 
• preschool education 
• school education 
• engagement in play: solitary play / onlooker play / parallel play / shared cooperative 

play 

2.2.9. Community, social and civic life - play 
• play: engagement in games with rules unstructured or unorganised games and 

spontaneous recreation 
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3. Factors related to the Context according to ICF-CY 

3.1. Environmental Factors 
Factors related to the environment aspects that can influence the professionals’ choices in 
setting up education and rehabilitation play activities mediated by robots. These aspects 
have been singled out in ICF-CY. 

3.1.1. Products and technology 
• products and technology for personal use in daily living: Environmental Control Units 
• products and technology used to play: objects, materials, toys, and other products 

used in play by an individual or a group / adapted or specially designed objects, 
materials, toys and other products that assist play  

• products and technology for communication: general vs assistive  technology / 
sending / receiving / sending and receiving / e-accessibility 

• products and technology for education: adapted / specially designed / general 
purpose / specialized computer technology 

• products and technology for culture, recreation and sport 

3.1.2. Natural environment and human-made changes to environment 
• light of the environment: proper to see the environment / to move safely / to give 

comfort 
• light of the robot: attractive, informative, communicative 
• sound in the environment: give information / avoid distraction 
• sound of the robot: communicative / informative / attractive / quality of sound / quality 

of speech synthesis / adjustable intensity 

3.1.3. Support and relationships 
• protagonists: family / relatives / carers / animals / teachers / …. 
• protagonists’ needs: emotional support / encouragement / cooperation / support for 

training to technology / awareness on their feelings about disability 
• type of relationships: emotional support / encouragement / cooperation 

3.1.4. Attitudes 
• family members: escape / frustration / acceptance / refusal / isolation / envy 
• other populations that may influence attitudes: extended family members / 

acquaintances / peers / colleagues / neighbours / community members 
• health professionals: disease / health and functioning 
• teachers: isolation / integration / inclusion 
• peers and classmates: participation / exclusion / presence vs absence of behavioural 

problems / influenced by teachers’ attitudes and successful integration 
• societal attitudes: integration / discrimination / inclusion 
• technology: refusal / acceptance  

3.1.5. Services, systems and policies 
• access, quality, continuity, and comprehensiveness of services, systems and policies 
• types of service: providing benefits, structured programmes, operations, training / 

maintaining dependence vs promoting autonomy 
• various sectors of society, designed to meet the needs of individuals 
• policies: rules / regulations / conventions / standards 

- unselfishness vs participation 

3.2. Personal Factors 
ICF-CY suggests that personal factors should be included in the evaluation of the individual’s 
health conditions; the personal factors here considered have been chosen for the special 
purpose of the IROMEC research. 
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3.2.1. Gender 
• gender-related differences: type of approach / activity / robot appearance 

3.2.2. Age 
• influence the choice of: stage of play / types of play / duration / complexity 

3.2.3. Nationality and culture 
• national origin 
• culture 
• available resources 

3.2.4. Cognitive styles and adaptability 
• types: visual-verbal / concrete-abstract / creative-executive / globlal-analytical / 

intuitive-systematic 
• adaptability: field dependence / independence 

3.2.5. Previous experiences 
• previous play experiences of the child: use of toys, involvement in play activities 
• previous social experiences 

3.2.6. Educational styles 
• technology: exercising / multidisciplinary / adaptable / collaborative 
• approaches: meta-cognition / constructivism / learning-by-doing 
• teacher-student relationship: cooperative / empathetic / mediating / scaffolding 
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4. Factors related to Technology and Robotics 

4.1. Approach to Technology Development 
Technology has a growing influence and great impact on the life of persons with disabilities. 
The state-of-the-art of the field research has been considered to select the Critical Factors 
that are inherent the IROMEC project. 

4.1.1. Assistive Technology 
• is: products / services /devices / strategies  
• allows: to perform a task / to make it easier / to make it safer / to improve quality of 

life 
• can be: prosthetic / therapeutic / a mean of self development 
• success of AT depends on: appropriate expectation / match between user skills and 

device characteristics / quality of device / quality of “counselling” process 

4.1.2. Universal Design 
• characteristics: inclusive / aesthetically appealing / functional / wide use 

4.1.3. Accessibility 
• in relation to: cognitive limitations / physical limitations / no limitations / secondary 

users’ needs 

4.1.4. Innovation 
• technically efficient / technically competitive / technically viable 
• new with respect to the “state of the art” / entails an inventive activity / has a 

commercial application 

4.2. Usability 
Factors related to human-product interaction as regards the device effectiveness and 
efficiency and the satisfaction with which specified users achieve specified goals in a 
particular context of use. 

4.2.1. Usability target group 
• primary users: children with cognitive impairment / physical impairment  
• secondary users: family members / caregivers / rehabilitation professionals / teachers 

and educators / educational or rehabilitation practitioners / children without any 
impairment 

• child vs adult perspective 
• sample dimensions (large sample due to relevant individual differences) 

4.2.2. Performance indicators for Usability tests 
• types of usability measures: time to learn / speed of performance / rate of errors / 

retention over time / subjective satisfaction 
• characteristics of tests: validity / robustness / reliability / effectiveness / efficiency / 

age dependent 
• inventories for AT satisfaction: QUEST, PIADS 

4.2.3. Characteristics of children that impact the usability test 
• linguistic: capacity to verbalize / capacity to read 
• cognitive: capacity to understand abstract concept / ability for abstract and logical 

thinking 
• neuropsychological: capacity to concentrate / attention span  
• psychological: extroversion skills / trustworthiness of self-report / dependence vs 

independence from the others 
• perceptive: 3-dimensional vs 2-dimensional objects  
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4.3. Quality of Life 
Critical factors that makes it possible to measure the individual’s quality of life, in relation to 
the use of technology. 

• variables in QoL: personal variables / systemic / environmental  
• QoL measure and children: age dependent / disomogeneous group / relevant and 

appropriate parameters / inclusion of parent, teacher or caregiver assessment of 
health-related quality of life 

4.4. Functional Aspect of the Technology 
Factors related to how technology can substitute or support functional limitations of the 
primary user group. They are strictly linked to individual factors. 

4.4.1. Communication and social interaction 
• to reduce or substitute communication impairment / to invite the child to communicate 

/ to respond to the child’s proposals 

4.4.2. Manipulation 
• to control physical environment 

4.4.3. Mobility 
• to move within the environment 

4.5. Characteristics for Autonomous and Safe Play 
Some specific characteristics implemented in the technology devices allow impaired children 
to experience play in a safe and autonomous way 

4.5.1. Simple and intuitive 
• easy to understand and easy to use, regardless: user’s experience / knowledge / 

language skills / current concentration level / type of user (primary and secondary) 

4.5.2. Safe 
• preserving from electrical injuries: electric shock /  electromagnetic wave 
• preserving from mechanical injuries: shock /collision with people 
• robot: not scaring or upsetting aspect / suitable size and weight / small strength / 

without small removable components 
• presence of emergency stop/shut down control 

4.5.3. Predictable behaviour 
• robot’s behaviours: simplified / safe / reliable / increasingly complex 
• robot must not provoke the child’s: stereotypical behaviour / self-injurious behaviour / 

scared behaviour 

4.5.4. Physical appearance 
• attractive: colours / shapes / lights / objects that rotate / mechanical parts / sounds 
• modular (with safe removable parts) 
• can be personalised 

4.5.5. Compatibility and adaptability 
• adaptability: different environments / different user’s positions / different user’s 

behaviours 
• compatibility: different AT interfaces / size / weight 

4.5.6. Visual and sound effects 
• modular / interchangeable / adjustable: light intensity / adjustable: sound volume 
• able to sustain the child’s interest / not scaring 
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4.5.7. Feedback  
• immediate / understandable 

4.5.8. Robustness  
• minimizing consequences of errors or accidental actions 

4.5.9. Social mediator 
• preferred object interaction / risks of isolation 

4.5.10. Cost  
• financially accessible: insignificant / affordable / unaffordable cost 
• cost must include: deliverable service / assistance  / adaptation 
• cost-effectiveness assessment scales: CERTAIN / IPPA/  SCAI 
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5. Factors related to Methodology 

5.1. Research issues 
Research in the HRI and HCI fields makes use of many different methods and approaches, 
concurring from different disciplines. Here are included Critical Factors related to the most 
suitable research approaches for the IROMEC purposes. Special attention is devoted to the 
necessary involvement of children, both as primary users and as subjects of the taken 
decisions during the project development. 

5.1.1. Qualitative and quantitative approaches 
• qualitative research is useful in exploratory phase 

o characteristics: observation vs. asking questions / description of periodic reports of 
interaction / analysis of children’s activities in their natural context / verbal analysis 
vs. mathematical analysis / importance of subjective aspects / holistic and natural 
approach / complete and  detailed description 

o limits: to yield objective data / to obtain transferable results / to describe precisely 
outcomes / sensitivity to the influence of context 

• quantitative research is useful in conclusive research 
o characteristics: quantified and summarized results / allows classifications / gives 

statistical results / is an objective methods / uses questions / allows precise 
conclusions 

o limits: reductive picture of reality 

5.1.2. Data collection 
• questionnaires 

o characteristics: quick / cheap / easy to use / large sample / allows statistical 
analysis 

o limits: reduced variety, creativity and individuality of the responses / not suitable for 
children / not suitable with cognitive impairment 

• interviews 
o characteristics: suitable for children / adaptable to cognitive level and language 

style / structured vs. semi structured vs. in depth / useful a question guide  
o limits: difficult in case of communication impairments / needs competent 

interviewers, caution for possible suggestibility 
o tools: audio tape 

• observations 
o make use of qualitative or quantitative methods / useful in case of significant 

communication impairment / contrived vs. natural setting/ structured vs. 
unstructured / unobtrusive vs obtrusive / structural description vs. description of 
consequences / description of events vs. description of states / minimal 
interference 

o tools: one-way mirrors / video recording 
• experimentations 

o characteristics: manipulation and measurement of variables / highly controlled / 
independent variables vs. dependent variables / important ethical consideration / 
field experiments vs. laboratory research 

o limits: needs a control group / needs a clear description of the experimental focus 
• case studies 

o characteristics: in-depth analysis of a particular individual 
o limits: difficult to generalize and to transfer data 

5.1.3. Quality of measurement 
• improving quality: peer reviewing of data and methods / clear theoretical bases / use 

of negative and contradictory examples / qualitative and quantitative results 
• validity: uniformed procedures/ systematically storing  

o internal validity: effects are the result of the experimental treatment 
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o external validity: results can be obtained and applied in the real world 
• reliability: trials in different times / inter-rater reliability score 

5.1.4. Sample 
• quantitative research: large sample 
• primary users / secondary users 
• children: subjects vs objects / involved in all stages of the project / mental age vs 

chronological age / gender differences / culture differences 

5.2. Design development 
Critical Factors related to the design development process. Choices about the most 
appropriate Critical Factors must be done within the following available approaches. 

5.2.1. Creative Design 
• main characteristic: creativity 
• other characteristics for better results: sharing and mediation with user requirements / 

definition of a clear design process / intelligent opportunistic search that uses both 
internal criteria (experience, sensibility, individual inspiration) and external criteria 
(requirement collection, user studies, specific needs) 

• phases: multidisciplinary high level concepts generation / integration of concepts in 
scenarios / evolution of the concepts in form of mock-ups and interactive prototypes / 
users’ evaluation / re-design 

5.2.2. Universal Design 
• main characteristic: with a small extra effort a much wider range of users can be 

accommodated  
• other characteristics: resolve complex customisation-related Human Computer 

Interaction issues 
• limits: redundancy, creation of new usability problems 

5.2.3. User-centred Design 
• main characteristic: user-centred, that means attention to: user, activities,  context 
• other characteristics for better results: active involvement of users / appropriate 

allocation of function between user and system / incorporation of user-derived 
feedback into system design 

• phases: understand the users and their needs with respect to their activities / 
understand and specify the context of use (make it explicit – avoid assuming it is 
obvious) / specify user and socio-cultural requirements (there will be a variety of 
different viewpoints and individuality) / produce design solutions (prototype) / evaluate 
designs against requirements (involves real users, test, feedback into the requirement 
analysis and the design phase) 

• limits (in case of impaired users): difficult to obtain informed consent / communication 
problems / very specialized and little known requirements / incompatible requirements 
among different disabilities / ethnographic methods could be  inappropriate and 
intrusive 

5.2.4. Participatory Design 
• main characteristic: active participation of the users to the design process 
• other characteristics for better results: addresses real operational needs / anticipatory 

design can exploit existing operational knowledge 
• children roles: users, testers, informant, design partners  
• limits (in case of impaired users): limited involvement in some phases of the process 

design / need of users’ mediators (interpreters of  the behaviour of the testers 
according to the objectives and the perspective of the designers) 
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5.2.5. Some final remarks on design development 
• co-evolutionary design: concept design, technology design, activity design are 

developed in parallel and inform each others 
• advantages: innovation, stimulation of demand, transformation of the users point of 

view from concept design / fitting between user and system from user-centred and 
participatory design 

5.3. Ethical issues 
Relevant elements related to the ethical aspect of the research that involves children with 
disabilities are considered, observing that non-medical research involving children usually 
receives very little attention. 

5.3.1. Non-harmful and safe procedures 
• avoid: injuries / damage / harm / distress / discomfort 
• maximize possible benefits and minimize possible risks 
• natural and familiar context 
• freedom to stop the activity 
• continuous monitoring 

5.3.2. Consent 
• parents’ information: description of the project / profession and institution affiliation of 

researchers involved / name of a researcher to contact / reported results / freedom to 
refuse or withdraw 

• information to other persons involved: information to the child / information to the 
persons interacting with him/her 

• consent: legally valid / written/ by legally / signed by parents /obtained before starting 
the research 

5.3.3. Confidentiality and data protection 
• privacy and anonymity both in written and oral reports 
• password protection for sensitive data 
• robot identification number and traceability 

5.3.4. Encouraging desirable behaviours 
• avoid encouraging social isolation and stereotypical behaviour 
• encouraging social interaction 

5.4. Educational issues 
Technology and robotics devices have being used in educational contexts since nearly thirty 
years and more and more importance is given to  advantages and challenges of their use. 
The most significant Critical Factors in this class for the IROMEC project have been here 
considered. 

5.4.1. Educational approaches 
• behaviourism: learning by cause-effect / repetition until automatisation / reinforcing 

feedback / stimulus-response / drill-and-practice software / PC substitutes educator / 
disregarded human relationship / disregarded higher level cognitive functions 

• cognitivism: learning by maps, scripts and logical sequences / problems solving / 
transfer of knowledge / builds on child’s experiences/ moderately challenging tasks / 
software to make hypertexts, hypermedia, and conceptual maps 

• constructivism: learning by sharing and confronting with others / learning based on 
meaningful and real-life experiences / active construction of knowledge / cooperative 
learning / online learning environments / local and global networks / inclusive 
education 
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5.4.2. Educational trends 
• children with disabilities have the fundamental right to be educated with children 

without disabilities in inclusive contexts 
• inclusion is claimed by the most important international declarations: Madrid 

Declaration, Individuals with Disabilities Education Act (IDEA-USA), Salamanca 
Statement and Framework for Action on Special Needs 

5.4.3. Tools for learning 
• play mediated by robots can stimulate: higher-cognitive functions / complex 

interaction / imitative games / social interaction (between the child’s unpredictable 
behaviour and the machine predictable behaviour) 

5.4.4. Advice for educational practice 
• needed cooperation from different fields: education, rehabilitation, technology and 

research 
• inclusive education strategies: link between individualized program and class 

curriculum / classmates and schoolmates involvement / integrating behavioural 
strategies into the regular learning activities and educational relationships / 
metacognitive teaching and learning / ICTs 

• characteristics of the research play setting: stress-free / high degree of freedom for 
the child / naturalistic settings appropriate for social interaction / support and prompt 
social interaction / access to typically developing children / predictable / based on 
child’s preferences 

• advantages of the relationship with the robot: ‘bonding’ with it is as a step towards 
human interaction / sharing attention with it favours pro-active social behaviours / 
interaction games with it favours learning of turn-taking 

5.4.5. Assistive Technology assessment  
• AT effectiveness parameters: effective / contextual / consonant 
• AT assessment scales: 

o Matching Person and Technology & Child (MATCH): children without cognitive 
impairment / analysis of individual needs / analysis of predisposition to technology 
/ decision on device and training strategies / compiled by AT evaluators, 
technology providers, therapists, and parents / quick / easy / self-explanatory 

o user satisfaction (COPM and QUEST): perception about the achievement of 
desired goal(s) / multidimensional / qualitative and quantitative 

o impact on quality of life (PIADS): positive and negative impacts of technology / 
three subscales: competence, adaptability, self-esteem / multi-dimensional / 
difficult use with children 

5.5. Rehabilitation issues 
Rehabilitation is an active and dynamic process by which a disabled person is helped to 
acquire knowledge and skills in order to maximise physical, psychological and social 
functional ability, and minimize impairment and disability. Critical Factors involved in these 
processes have been singled out in what follows for the IROMEC purposes. 

5.5.1. Occupational and Play Therapy 
• goals: independence / disability acceptance / improvement of communication / 

improvement of movement / stimulation of engagement in activities 
• outcomes: performance / satisfaction / role competence / health and well-being / 

prevention / quality of life 
• play: main child activity / fundamental for learning / fundamental to practice skills / in 

safe environments / in supportive environments / important for social skills 

5.5.2. Physiotherapy rehabilitation 
• it deals with disorders of movement and function of human body (muscles, bones, 

nervous system) 
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• robot: exercise / manipulation / home rehabilitation / acts as an Assistive Technology 
device 

5.5.3. Advices for therapeutic practice 
• encouraging: basic communication / social interaction 
• preventing: social isolation / stereotypical behaviour 
• methods: eye gaze and attention sharing / turn-taking / coping and imitation games / 

proactive behaviour and play skills / fixed routines and repetitive exercise / gradually 
increasing complexity of the child-robot interaction 

5.5.4. Assessment  
- long-term studies: how long / how to measure / information to parents 
- outcomes measurements tools: FIM / OT FACT / clinical observation 
- pretend play assessment: Test of Pretend Play / Symbolic Play Test / Child-Initiated 

Pretend Play Assessment 



132 

 

 



133 

 

REFERENCES 
Ackermann, E. (2002). Ambienti di gioco programmabili: cos’è possibile per un bambino di 

quattro anni? “Tecnologie Didattiche e Scienze Cognitive”, 27(3), 48-56. 

Ackermann, E. (2001). Constructivisme et constructionnisme: quelle difference? In: 
Proceedings of the Conference  “Constructivismes: usages et perspectives en education”. 
Geneva, Switzerland: Archives Jean Piaget, Vol. 1, 85-97. 

Ackermann, E. (1991). The “Agency” Model of Transactions: Toward an Understanding of 
Children’s Theory of Control. In: J. Montangero & A. Tryphon (eds.) Psychologie 
Génétique et Sciences Cognitives. Geneva, Switzerland: Archives Jean Piaget, 63-73. 

Ackermann, E. & Strohecker, C. (1999). Build, Launch, Convene: Sketches for Constructive-
Dialogic Learning Environments. Technical Report 99-04, MERL – A Mitsubishi Electric 
Research Laboratory. Cambridge, MA, USA: Mitsubishi Electric Research Laboratories. 

Acuff, D.S. & Reiher, R.H. (1997). What kids buy and why. The psychology of marketing to 
kids, New York, NY, USA: Free press. 

Anastasi, A. (1968). Psychological testing. New York, NY, USA: Macmillan (3rd ed.). 

Andrich, R. (1996). Consigliare gli ausili: Organizzazione e metodologia di lavoro dei Centri 
Informazioni Ausili. Milano, Italy: Fondazione don Gnocchi. 

Andrich, R., Ferrario, M., Moi, M. (2000). A model of cost-outcome analysis for assistive 
technology. “Disability and Rehabilitation”, 20, 1-24. 

Angiolari, C., Lupoi, S., Martini, L. (1977). Prime esperienze di terapia relazionale con 
famiglie di handicappati gravi. “Neuropsichiatria Infantile”, 197, 1168-1186. 

Aran, A., Shalev, R.S., Biran, G., Gross-Tsur, V. (2007). Parenting Style Impacts on Quality 
of Life in Children with Cerebral Palsy. “Journal of Paediatrics”, 151(1), 56-60. 

Ashman, A.F., Conway, R.N.F. (1989). Cognitive Strategies for Special Education. London, 
United Kingdom: Routledge Kegan & Paul. 

Babbar, S., Behara R., White, E. (2002). Mapping product usability. “International Journal of 
Operations & Production Management”, 22(10), 1071-1089. 

Bandura, A. (2001). Social cognitive theory and clinical psychology. In: N.J. Smelser & P.B. 
Baltes (eds.) International encyclopedia of the social and behavioral sciences. Oxford, 
United Kingdom: Elsevier Science, Vol. 21, 14250-14254. 

Barendregt, W., Bekker, M.M., Bouwhuis, D.G., Baauw, E. (2005). Predicting effectiveness of 
children participants in user testing based on personality characteristics. “Behaviour & 
Information Technology”, 26, 133-147. 

Barnes, P. & Ward, A.B. (2000). Textbook of Rehabilitation Medicine. Oxford, United 
Kingdom: Oxford University Press. 

Basedow, J.B. (1914). Relazione ai filantropi e ai potenti intorno alle scuole, agli studi e alla 
loro azione sul bene pubblico: metodica, ordinamento del filantropino. Milano, Italy: 
Sandrom (orig. ed., Vorstellung an Menschenfreunde für Schulen, nebst dem Plan eines 
Elementarbuches der menschlichen Erkenntnisse, 1768). 

Bateson, G. (1956). The Message “This Is Play”. Princeton, NJ, USA: Josia Macy Jr. 
Foundation. 

Beecher, H.K. (1996). Ethics and clinical research. “New England Journal of Medicine”, 
274(24), 1354-1360. www.who.int/docstore/bulletin/pdf/2001/issue4/vol79.no.4.365-
372.pdf.  

Belsky, J. & Most, R.K. (1981). From exploration to play: A cross-sectional study of infant 
free play behavior. “Developmental Psychology”, 17(5), 630-639. 

http://www.who.int/docstore/bulletin/pdf/2001/issue4/vol79.no.4.365-372.pdf�
http://www.who.int/docstore/bulletin/pdf/2001/issue4/vol79.no.4.365-372.pdf�


134 References 

Bender Pape, T.L., Kim. J., Weiner, B. (2002). The Shaping of Individual Meanings Assigned 
to Assistive Technology: A Review of Personal Factors. “Disability & Rehabilitation”, 24(1-
3), 5-20. 

Bergman, E. & Johnson, E. (1995). Towards Accessible Human-Computer Interaction. In: J. 
Nielsen (ed.) Advances in Human-Computer Interaction, Vol. 5. Norwood, NY, USA: Ablex 
Publishing Co. 

Besio, S. (2004). Using Assistive Technologies to Facilitate Play by Children with Motor 
Impairments: A Methodological Proposal. “Technology & Disability”, 16(3), 119-130. 

Besio, S. (2003). They play and learn to play! First results of the Italian research project on 
play and children with motor impairment. 4th AAATE Conference, Dublin, Ireland. In: G. 
Craddock, L. McCormack, R. Reilly, H. Knops (eds.) Assistive Technology – Shaping the 
Future. Amsterdam, The Netherlands: IOS Press, 221-226. 

Besio, S. (2002a). An Italian research project to study the play of children with motor 
disabilities: the first year of activity. “Disability and Rehabilitation”, 24(1/2/3), 72-79. 

Besio, S. (2002b). The counseling process in Assistive Technology evaluation and selection. 
In: M. Scherer (ed.) Assistive technology: Matching device and consumer for successful 
rehabilitation. Washington, DC, USA: Meidenbauer, APA Books, 231-252. 

Besio, S. (2001). Allowing Children with Motor Impairment to Play, Learn, Learn to Play: A 
new Biennial Research Project of SIVA. 3rd AAATE Conference, Ljubljana, Slovenia. In: Č. 
Marinček, C. Buhler, H. Knops, R. Andrich (eds.) Assistive Technology – Added Value to 
the Quality of Life. Amsterdam, The Netherlands: IOS Press, 231-234. 

Besio, S. & Chinato, M.G. (1997). A che punto è l’integrazione? Indagine su idee e 
atteggiamenti di insegnanti di sostegno e insegnanti di sostegno in formazione. In: R. 
Vianello & C. Cornoldi (eds.) Metacognizione e sviluppo della personalità. Ricerche e 
proposte di intervento. Bergamo, Italy: Junior, 281-290. 

Bettelheim, B. (1987). A Good Enough Parent. A Book on Child-Rearing. New York, NY, 
USA: Knopf. 

Bjornson, K.F. & McLaughlin, J.F. (2001). The measurement of health-related quality of life 
(HRQL) in children with cerebral palsy. “European Journal of Neurology”, 8(Suppl. 5), 183-
193. 

Blocher, K.H. (1999). Affective Social Quest (ASQ) Teaching emotion recognition with 
interactive media and wireless expressive toys. MSc Thesis, Boston, MA, USA: 
Massacchussets Institute of Technology. 

Blotcher, K. & Picard, R. (2002). Affective social quest. In: K. Dautenhahn, A. Bond, L. 
Cañamero, B. Edmonds (eds) Socially Intelligent Agents – Creating Relationships with 
Computers and Robots. Dordrecht, The Netherlands: Kluwer Academic Publishers, 133-
140. 

Bobbio, A. (2007). I diritti sottili dei bambini. Roma, Italy: Armando. 

Borkowski, J.G. (1992). Metacognitive theory: A framework for teaching literacy, writing and 
math skills. “Journal of Learning Disabilities”, 25, 253-257. 

Brodin, J. (1999). Play in Children with Severe Multiple Disabilities: Play with Toys – A 
Review. “International Journal of Disability, Development and Education”, 46(1), 25-34. 

Broadbent, G.H. (1966). Creativity. In: S. Gregory (ed) The Design Method. London, United 
Kingdom: Butterworths. 

Bronfenbrenner, U. (1979). The ecology of human development. Cambridge, MA, USA: 
Harvard University Press. 

Brownell, C.A., Ramani G.B., Zerwas, S. (2006). Becoming a Social Partner with Peers: 
Cooperation and Social Understanding in One- and Two-year-olds. “Child Developmnent”, 
77(4), 803-821. 



References 135 

 

Bruner, J. (1992). Saper fare, saper pensare, saper dire. Le prime abilità del bambino. 
Roma, Italy: Armando. 

Bruner, J.S. (1984). Autobiografia. Alla ricerca della mente. Roma, Italy: Armando (orig. ed.: 
In search of Mind, Essay in autobiography. New York, NY, USA: Harper & Row, 1983). 

Bruner, J. (1966). Toward a theory of instruction. Cambridge, MA, USA: Harvard University 
Press. 

Bruner, J.S., Jolly, A., Silva, K. (eds.) (1981). Il gioco. La prospettiva evoluzionistica (1 vol.). Il 
gioco in relazione agli oggetti e agli strumenti (2 vol.). Gioco e realtà sociale (3 vol.). Il 
gioco in un mondo di simboli (4 vol.). Roma, Italy: Armando (orig. ed.: Play. Its role in 
development and education. New York, NY, USA: Penguin, 1976). 

Burov, A.N. (1991). Development of creative abilities of students on the basis of computer 
technology. In: Proceedings of the First Moscow International HCI ’91 Workshop. 
Moscow, Russia: The International Centre for Scientific and Technical Information, 289-
296. 

Caillois, R. (1967). Les jeux et les hommes. Paris, France: Gallimard. 

Cañas, J.J., Salmeròn, L., Fajardo, I. (2005). Toward the analysis of the interaction in the 
joint cognitive system. Lond: Springer. 

Carroll, J.M. (ed.) (1995). Scenario-Based Design. Envisioning Work and Technology in 
System Development. New York, NY, USA: John Wiley & Sons, Inc. 

Casby, M. W. (1992). Symbolic play: Development and assessment considerations. “Infants 
and Young Children”, 4(3), 43-48. 

Catullo, D. (1984). Come i bambini percepiscono l’handicappato fisico. “Psicologia Italiana”, 
6(1), 16-20. 

Center for Universal Design. (1997). What is universal design? Raleigh, NC, USA: North 
Carolina State University. 

Chioccariello, A., Manca, S., Sarti, L. (2004). Children’s playful learning with a robotic 
construction kit. In: J. Siraj-Blatchford (ed.) Developing New Technologies for young 
children. Stoke on Trent, United Kingdom: Trentham Books, Chapter 6. 

Chioccariello, A., Manca, S., Sarti, L. (2003). Un ambiente visivo per programmare i Robot 
Lego. Didamatica 2003, Genova, Italy. In: A. Andronico, G. Dettori, L. Ferlino, G. Olimpo 
(eds.) Proceedings of Didamatica. Milano, Italy: AICA. 

Chioccariello, A., Manca, S., Sarti, L. (2000). Behaviour construction kit, i3 Annual 
Conference 2000, Jönköping, Sweden. In: i3AC2000 Proceedings. Edinburgh, Scotland: 
HCRC, 72-76. 

Christensen, P. & James, A. (2000). Research with children: perspectives and practices. 
London, United Kingdom: Falmer Press. 

Cook, A.M., Bentz, B., Harbottle, N., Lynch, C., Miller, B. (2005). School-Based Use of a 
Robotic Arm System by Children With Disabilities. “IEEE Transactions On Neural Systems 
And Rehabilitation Engineering”, 13(4), 452-460. 

Cook, A.M. & Hussey, S.M. (1995). Assistive Technologies: Principles and Practice. St. 
Louis, MI, USA: Mosby. 

Cornoldi, C. (1991). I disturbi dell'apprendimento. Bologna: Il Mulino. 

Couch, K.J., Deitz, J.C., Kanny, E.M. (1997). The role of play in paediatric occupational 
therapy. “American Journal of Occupational Therapy”, 52, 111–117. 

Dalla Valle, S. (2006). Scuola dell’Infanzia: le idee e gli atteggiamenti dei bambini nei 
confronti dei compagni disabili. Unpublished Ph D Dissertation, University of Valle 
d’Aosta, Italy. 



136 References 

Dautenhahn, K. & Billard, A. (2002). Games Children with Autism Can Play With Robot, a 
Humanoid Robotic Doll. 1st Cambridge Workshop on Universal Access and Assistive 
Technology  (CWUAAT). In: S. Keates, P.M. Langdon, P.J. Clarkson, P. Robinson (eds.) 
Universal Access and Assistive Technology. London, United Kingdom: Springer-Verlag, 
179-190. 

Dautenhahn, K. & Werry, I. (2004). Towards interactive robots in autism therapy: 
Background, motivation and challenges. “Pragmatic and Cognition”, 12, 1-35. 

Davin, J., Delvin, E., Le Polain, G., De Waroux, V. (1989). Une vie à vivre avec les 
personnes handicappées mentales. Paris, France: Éditions du Centurion. 

Davis, M., Robins, B., Dautenhahn, K., Nehaniv, C., Powell, S.A. (2005). A Comparison of 
Interactive and Robotic Systems in Therapy and Education for Children with Autism. 5th 
AAATE Congress, Lille, France. In: A. Pruski and H. Knops (eds.) Assistive Technology: 
From Virtuality to Reality. Amsterdam, The Netherlands: IOS Press, 353-357. 

Day, H. & Jutai, J. (1996). Measuring the psychosocial impact of assistive devices: the 
PIADS. “Canadian Journal of Rehabilitation”, 9(2), 159-168. 

Demers, L., Weiss-Lambrou, R., Ska, B. (1996). Development of the Quebec User 
Evaluation of Satisfaction with assistive Technology (QUEST). “Assistive Technology”, 
8(1), 3-13. 

DeRuyter, F. (1995). Evaluating Outcomes in Assistive Technology: Do We Understand the 
Commitment? “Assistive Technology”, 7(1), 3-16. 

Druin, A. (2002). The role of children in the design of new technology. “Behaviour & 
Information Technology”, 21(1), 1-25. 

Druin, A. (1999). The role of children in the design of new technology. HCIL Technical Report 
No. 99-23. www.cs.umd.edu/hcil. 

Druin, A. & Hendler, J. (2000). Robots for kids: Exploring new technologies for learning. San 
Francisco, CA, USA: Morgan Kaufmann. 

Duhaney, D. C., & Duhaney, L.M.G. (2000). Assistive technology: Meeting the needs of 
learners with disabilities. “International Journal of Instructional Media”, 27, 393-401. 

Eco, U. (1979). Homo ludens oggi. Prefazione all’edizione italiana. In: J. Huizinga. Homo 
ludens. Torino, Italy: Einaudi (orig. ed., 1938). 

Ehn, P. (1988). Work-oriented design of computer artifacts. Hillsdale, MI, USA: Lawrence 
Erlbaum Associates. 

Ehn, P. & Kyng, M. (1987). The collective resource approach to system design. In: G. 
Bjerknes, P. Ehn, M. Kyng (eds) Computer and democracy – A Scandinavian challenge. 
Aldershot, United Kingdom: Avebury, 17-55. 

European Disability Forum (2002). Madrid Declaration. European Congress on Disability. 
www.disabilityworld.org/09-10_02/news/madrid.shtml. 

European Parliament and Council of Europe (1995). Directive 95/46/EC of 24 October 1995 
on the protection of individuals with regard to the processing of personal data and on the 
free movement of such data. Official Journal L 281, 23/11/1995. 

European Union (2000). Charter of Fundamental Rights of the European Union. 
www.europarl.europa.eu/charter/default_en.htm.  

Fénelon, F. (1994). Traité de l’éducation des filles. Paris: Klinksiek (orig. ed., 1687). 

Ferrari, A. & Cioni, G. (2005). Guidelines for rehabilitation of children with cerebral palsy. 
“Europa Medicophysica”, 41(3), 243-260. 

Fink, E. (1992). Il gioco come simbolo del mondo. Firenze, Italy: Hopeful Monster (1st ed. 
1969) (orig. ed., Spiel als Weltsymbol, Stuttgart, 1960). 

http://www.cs.umd.edu/hcil�
http://www.disabilityworld.org/09-10_02/news/madrid.shtml�
http://www.europarl.europa.eu/charter/default_en.htm�


References 137 

 

Fink, E. (1986). Oasi della gioia. Idee per una ontologia del gioco. Salerno, Italy: 
Masullo(orig. ed., Oase des Glücks. Gedanken zu einer Ontologie des Spiels, 
Freiberg/München: K. Alber, 1957). 

Freud, S. (1977). Al di là del principio di piacere. Torino, Italy: Boringhieri (orig. ed., Jenseits 
des Lustprinzips, 1920). 

Fröbel, F. (1967). L’educazione dell’uomo e altri scritti. Firenze, Italy: La Nuova Italia (orig. 
ed., Die Menschenerziehung, 1826). 

Fujii, H. & Okada, M. (2006). Can robots get “memberships” by social interaction? “Journal of 
Artificial Life and Robotics”, 10(1), 77-80. 

Garon, D., Chiasson, R., Filion, R. (2002). Le système ESAR. Guide d’analyse, de 
classification et d’organisation d’une collection de jeux et jouets. Paris, France: Electre. 

Garon, D., Filion, R., Doucet, M. (1996). El sistema ESAR: Un método de análisis 
psicológico de los juguetes. Alicante, Spain: AIJU. 

Garvey, C. (1990). Play. Cambridge, MA, USA: Harvard University Press. 

Gelderblom, G.J., Cremers, G., Soede, T. (2003). Robotics in Rehabilitation and Assistive 
Technology. 4th AAATE Congress, Dublin, Ireland. In: G. Craddock, L. McCormack, R. 
Reilly, H. Knops (eds.) Assistive Technology – Shaping the Future. Amsterdam, The 
Netherlands: IOS Press, 549-553. 

Gelderblom, G.J., de Witte, L.P., Wessels, R.D. (2002). European Instruments for Assistive 
Technology Outcome Assessment. 8th International Conference, ICCHP – Computer 
Helping People with Special Needs, Linz, Austria. In: K, Miesenberger, J. Klaus, W, Zagler 
(eds.) 8th ICCHP Proceedings. Berlin, Germany: Springer, 777-781. 

Gilman, S. (2007). Including the child with special needs: Learning from Reggio Emilia. 
“Theory into Practice”, 46(1), 23-31. 

Gilutz, S., Bekker, M., Druin, A., Fisch, S., Read, J. (2003). Children’s online interfaces: is 
usability testing worthwhile? Conference on Interaction Design and Children, Preston, 
United Kingdom. In: S. MacFarlane, T. Nicol, J. Read, L. Snape (eds.) IDC ’03 
Proceedings. New York, NY, USA: ACM Press. 

Goldman, B. & Ross, H. (1978). Social skills in action. In: J. Glick & K.A. Clarke-Stewart 
(eds.) Studies in social and cognitive development. Vol. 1. Development of social 
understanding. New York, NY, USA: Gardiner Press, 177-212. 

Good, J. & Robertson, J. (2004). Computer games authored by children: a multi-perspective 
evaluation. Conference on Interaction Design and Children: building a community. In: A. 
Druin (ed.) IDC ’04 Proceedings. New York, NY, USA: ACM Press. 

Gowen, J.W., Johnson-Martin, N., Goldman, B.D., Hussey, B. (1992). Object play and 
exploration in children with and without disabilities: A longitudinal study. “American 
Journal on Mental Retardation”, 97, 21-38. 

Guyatt, G., Naylor, D., Juniper, E.F., Heyland, D.K., Jaeschke, R., Cook, D.J. (1997). How to 
use articles about health-related quality of life measurements. “Users’ Guides to 
Evidence-based Medicine”, 277(15), 1232-1237. www.cche.net/principles/content-
_qol.asp. 

Hanna, L., Risden, K., Alexander, K. (1997). Guidelines for usability testing with children. 
“Interactions”, 4(5), 9-14. 

Hanna, L., Risden, K., Czerwinski, M., Alexander, K. (1999). The role of usability research in 
designing children’s computer products. In. A. Druin (ed.). The Design of Children’s 
Technology. San Francisco, CA, USA: Morgan Kaufman, 3-26. 

Hansson, S.O. (2007). The Ethics of Enabling Technology. “Cambridge Quarterly of 
Healthcare Ethics”, 16(3), 257-267. 

http://www.cche.net/principles/content_qol.asp�
http://www.cche.net/principles/content_qol.asp�


138 References 

Hanline, M.F., Milton, S., Phelps, P. (2001). Young children’s block construction activities: 
Findings from 3 years of observation. “Journal of Early Intervention”, 24(3), 224-237. 

Harkness, S., Super, C.M. (1994). The Developmental Niche: A Theoretical Framework for 
Analyzing the Household Production of Health. “Social Science & Medicine”, 38, 217-222. 

Harris, K.R., Alexander, P.A. (1998). Integrated, Constructivist Education: Challenge and 
Reality. “Educational Psychology Review”, 10 (2), 115-127. 

Hastings, R.P., Oakford, S. (2003). Student Teachers’ Attitudes Towards the Inclusion of 
Children with Special Needs. “Educational Psychology”, 23(1), 88-94. 

Hetzroni, O. & Tannous, J. (2004). Effects of computer-based intervention program on the 
communicative functions of children with autism. “Journal of Autism and Developmental 
Disorders”, 34(42), 95-113. 

Hill, M. (2005). Ethical Considerations in Researching Children’s Experiences. In: S. Greene 
& D. Hogan (eds.) Researching in children’s experience. Approaches and methods. 
London, United Kingdom: Sage. 

Hobson, P. (2002). The Cradle of Thought. London, United Kingdom: Macmillan. 

Hornof, A.J. & Cavender, A. (2005). EyeDraw: Enabling Children with Severe Motor 
Impairments to Draw with Their Eyes. SIGCHI Conference on Human factors in computing 
systems, Toronto, Canada. In: Proceedings of the SIGCHI/GI Conference on Human 
factors in computing systems and graphics interface. New York, NY, USA: ACM Press, 
161-170. 

Howlin, P., Baron-Cohen, S., Hadwin, J. (1999). Teaching Children with autism to mind-read. 
New York, NY, USA: John Wiley & Sons, Inc. 

Hudson, C. & Chan, J. (2002). Individuals with Intellectual Disability and Mental illness: A 
Literature Review. “Australian Journal of Social Issues”, 37. 

Huizinga, J. (1979). Homo ludens. Torino: Einaudi (orig. ed., Homo ludens. A study of the 
Play Elements in Culture, London, United Kingdom: Routledge, 1938). 

Hutt, C. (1966). Exploration and Play in Children. “Symposium of the Zoological Society”, 18, 
23-44. 

Ianes, D. (2006). The Italian Model for the Inclusion and Integration of Students with Special 
Needs: Some Issues. “Erdélyi Pszichologiai Szemple (Transylvanian Journal of 
Psychology)”, Vol. 2, Supplement No. 1. 

ISO 14971 (2000). Medical Devices – Application of risk management to medical devices. 
Geneva, Switzerland: International Organization for Standardization. 

ISO 13407 (1999-E). Human-centred design processes for interactive systems. Geneva, 
Switzerland: International Organization for Standardization. 

ISO CD 9241-11 (1998). Ergonomic Requirements for Office Work with Visual Display 
Terminals (VDTs) – Part II Guidance on Usability. Geneva, Switzerland: International 
Organization for Standardization. 

ISO 9999 (1992). Technical aids for disabled persons. Classification. Geneva, Switzerland: 
International Organization for Standardization. 

Italian Government (2004). Legge 4/2004. Disposizioni per favorire l’accesso dei soggetti 
disabili agli strumenti informatici. www.camera.it/parlam/leggi/04004l.htm.  

Jackson, S.L., Krajcik, J., Soloway, E. (1998). The design of learner-adaptable scaffolding in 
interactive learning environments. CHI ’98 “Human Factors in Computing Systems”, Los 
Angeles, CA, USA. In: D. Cubranic, K.S. Booth, K. Collie (eds.) Proceedings of  CHI ’98. 
New York, NY, USA: ACM Press, 197-194. 

http://www.camera.it/parlam/leggi/04004l.htm�


References 139 

 

Jenson, C.C., McConnachie, G., and Pierson, T. (2001). Long-Term Multicomponent 
Intervention to Reduce Severe Problem Behavior: A 63-Month Evaluation. “Journal of 
Positive Behaviour Interventions”, 3(4), 225-236. 

Johnson, J. (2003). Children, robotics, and education. “Artificial Life and Robotics”, 7(1-2), 
16-21. 

Johnson, R.T. & Johnson, D.W. (1990). Cooperative Learning: Warm-Ups, Group Strategies 
and Group Activities. Edina, MN, USA: Interaction Book Co. 

Jones, J.C. (1992). Design Methods. New York, NY, USA: John Wiley & Sons, Inc. 

Jutai, J., Rigby, P., Ryan, S., Stickel, S. (2001). Psychosocial impact of electronic aids to 
daily living. 2001 RESNA Technology And Persons With Disabilities Conference, Reno, 
NE, USA. In: RESNA 2001 Proceedings, 21(1), 248-250. 

Kaliouby, R.E. & Robinson P. (2007). Therapeutic versus Prosthetic Assistive Technologies: 
the Case of Autism. “Assistive Technology”. www.cl.cam.ac.uk/~pr10/publica-
tions/at07.pdf.  

Keen, D., Rodger, S., Doussin, K., Braithwaite, M. (2007). A pilot study of the effects of a 
social-pragmatic intervention on the communication and symbolic play of children with 
autism. “Autism”, 11(1), 63-71. 

Kelly, B., (2007). Methodological Issues for Qualitative Research with Learning Disabled 
Children. “International Journal of Social Research Methodology”, 10(1), 21-35. 

Klein, M. (1969). La psicoanalisi dei bambini. Firenze, Italy: Martinelli (orig. ed., Die 
Psychoanalyse des Kindes, Wien, 1932). 

Kozima, H., Nakagawa, C., Yano, H. (2004). Can a robot empathize with people? “Artificial 
Life and Robotics”, 8(1), 83-88. 

Kronreif, G., Prazak, B., Mina, S., Kornfeld, M., Meindl, M., Fürst, M. (2005) PlayRob. Robot-
Assisted Playing for Children with Severe Physical Disabilities. ICORR 2005, 9th 
International Conference on Rehabilitation Robotics, Chicago, IL, USA. In: Proceedings of 
ICORR 2005, 193-196. 

Laeng, M. (1984). L’educazione nell’era tecnologica. Roma, Italy: Armando. 

Lanzi, P., Marti, P., Pozzi, S., Scrivani, P. (2004). Users as cultural mediators in interactive 
system design. 12th European Conference on Cognitive Ergonomics, ECCE12, York, 
United Kingdom. In: D.J. Reed, G. Baxter, M. Blythe (eds.) ECCE12 Proceedings. 

Lathan, C.E. & Malley, S. (2001). Development of a New Robotic Interface for 
Telerehabilitation. EC/NSF Workshop on Universal accessibility of ubiquitous computing: 
providing for the elderly, Alcácer do Sal, Portugal. In: R. Heller (ed.) Proceedings of the 
2001 EC/NSF Workshop. New York, NY, USA: ACM Press, 80-83. 

Latour, B. (1991). Technology is society made durable. In: J. Law (ed.) A sociology of 
monsters: essays on power, technology and domination. London, United Kingdom: 
Routledge, 103-131. 

Law, M., Baptiste, S., McColl, M.A., Opzoomer, A., Polatajko, H., Pollock, N. (1990). The 
Canadian Occupational Performance Measure: An outcome measurement protocol for 
occupational therapy. “Canadian Journal of Occupational Therapy”, 57, 82-87. 

Lazzaro, J.J. (2001). Adaptive Technologies for Learning & Work Environments. Washington, 
DC, USA: American Library Association. 

Lenker, J.A., Scherer, M.J., Fuhrer, M.J., Jutai, J.W., DeRuyter, F. (2005). Psychometric and 
administrative properties of measures used in assistive technology device outcomes 
research. “Assistive Technology”, 17(1), 7-22. 

Lester, J.C., Converse, S.A., Kahler, S.H., Barlow, S.T., Stone, B.A., Bhogal, R. (1997). The 
persona effect: Affective impact of animated pedagogical agents. CHI ’97 Conference, 

http://www.cl.cam.ac.uk/~pr10/publications/at07.pdf�
http://www.cl.cam.ac.uk/~pr10/publications/at07.pdf�


140 References 

“Human Factors in Computing Systems”. In: J.C. Lester et al. (eds.) CHI ’97 Proceedings, 
New York, NY, USA: ACM Press, 359-366. 

Lewis, L.F., Fitzgibbons, D., Kearney, L.U. (1993). Assistive Technology and Play for Infants 
and Toddlers, Augmentative Communication Therapy guide. www.eric.ed.gov/ERICDocs/-
/data/ericdocs2sql/content_storage_01/0000019b/80/14/6e/c6.pdf 

Lewis, V. & Boucher, J. (1997). The Test of Pretend Play. London, United Kingdom: Harcourt 
Brace. 

Lézine, I. (1971). Le développement psychologique de la première enfance. Paris, France: 
PUF. 

Linder, T.W. (1993). Transdisciplinary play-based assessment (rev. ed.). Baltimore, MD, 
USA: Paul Brookes. 

Linder, T.W., Holm, C.B., Walsh, K.A. (1999). Transdisciplinary play-based assessment. In: 
E.V. Nuttall, I. Romero, J. Kalesnik (eds.) Assessing and screening preschoolers. 
Needham Heights, MA, USA: Allyn & Bacon, 161-185. 

Lindstrand, P. & Brodin, J. (2004). Parents and children view ICT. “Technology and 
Disability”, 16(3), 179-183. 

Locke, J. (1918). Pensieri sull’educazione. Milano, Italy: Trevisini (orig. ed., Some Thoughts 
Concerning Education, 1693). 

Lowe, M. (1975). Trends in the development of representational play in infants from one to 
three years: An observational study. “Journal of Child Psychology and Psychiatry and 
Allied Disciplines”, 16, 33-47. 

Lowe, M. & Costello, J. (1976). Symbolic Play Test. Experimental Edition. Windsor, United 
Kingdom: NFER-Nelson. 

Lund, H.H., Marti, P. (2005). Designing manipulative technologies for children with different 
abilities. “Artificial Life Robotics”, 9, 175-187. 

Lund, H.H., Marti, P., Palma, V. (2004). Educational Robotics: Manipulative Technologies for 
Cognitive Rehabilitation. 9th International Symposium on Artificial life and robotics, Oita, 
Japan. In: M. Sugisaka & H. Tanaka (eds.) Proceedings of the 9th AROB, I-1/I-6. 

McMillen, A.M. & Söderberg, S. (2002). Disabled Persons’ Experience of Dependence on 
Assistive Devices. “Scandinavian Journal of Occupational Therapy”, 9(4), 176-183. 

Malone, D M. (1997). Preschoolers’ categorical and sequential toy play: Change over time. 
“Journal of Early Intervention”, 21(1), 45-61. 

Marti, P., Bacigalupo, M., Giusti, L., Mennecozzi, C., Shibata, T. (2006). Socially Assistive 
Robotics in the Treatment of Behavioural and Psychological Symptoms of Dementia. 
Presentation at BioRob 2006, Pisa, Italy. 

Marti, P., Lund, H.H., Bacigalupo, M., Giusti, L., Mennecozzi, C. (2007). Blending Senses. A 
Multi-sensory Environment for the Treatment of Dementia Affected Subjects. “Journal of 
Gerontechnology”, 6(1). 

Marti, P. & Moderini, C. (2003). A medieval triptych, cameos and books: innovative concepts 
for future ATM scenarios. In: Proceedings of ATM R&D 2003. Budapest, Hungary. 

Marti, P. & Moderini, C. (2002). Creative design in safety critical systems. 11th European 
Conference on Cognitive Ergonomics, Catania, Italia. In: Proceedings of ECCE11- design, 
cognition and culture. 

Martin, P. & Bateson, P. (1986). Measuring behaviour, an introductory guide. Cambridge, 
United Kingdom: Cambridge University Press. 

McConnell, S.R., (2002). Interventions to Facilitate Social Interaction for Young Children with 
Autism: Review of Available Research and Recommendations for Education Intervention 
and Future Research. “Journal of Autism and Developmental Disorders”, 32(5), 351–372. 

http://www.eric.ed.gov/ERICDocs//data/ericdocs2sql/content_storage_01/0000019b/80/14/6e/c6.pd�
http://www.eric.ed.gov/ERICDocs//data/ericdocs2sql/content_storage_01/0000019b/80/14/6e/c6.pd�


References 141 

 

McCune, L. (1995). A normative study of representational play at the transition to language. 
“Developmental Psychology”, 31(2), 198-206. 

McCune, L. (1993). The development of play as the development of consciousness. “New 
Directions for Child Development”, 59, 67-79. 

Michaud, F. & Caron, S. (2002.) Roball, the Rolling Robot. “Autonomous Robots”, 12, 211-
222. 

Michaud, F., Clavet, A., Lachiver, G., Lucas, M. (2000). Designing toy robots to help autistic 
children – An open design project for Electrical and Computer Engineering education. 
2000 ASEE (American Society for Engineering Education) Annual Conference, St. Louis, 
MI, USA. 

www.asee.org/conferences/annual/pdf/upload/2000-Best-Overall-Paper.pdf  

Michaud, F., Salter, T., Duquette, A., Laplante, J.F. (2007). Perspectives on mobile robots 
used as tools for paediatric rehabilitation, “Assistive Technologies” – Special Issue on 
Intelligent Systems in Paediatric Rehabilitation, 19(1), 14-29. 

Michaud, F., Salter, T., Duquette, A., Mercier, H., Larouche, H., Larose, F. (2007). Assistive 
technologies and child-robot interaction. AAAI-07 (Association for the Advancement of 
Artificial Intelligence) Conference, Vancouver, Canada. In: Proceedings of the 22nd AAAI 
Conference. www.gel.usherbrooke.ca/laborius/papers/AAAISS2007c.pdf.  

Michaud, F. & Theberge-Turmel, C. (2002). Mobile robotic toys and autism. In: K. 
Dautenhahn, A. Bond, L. Canamero, B. Edmonds (eds.) Socially Intelligent Agents – 
Creating Relationships with Computers and Robots. Dordrecht, The Netherlands: Kluwer 
Academic Publishers, 125-132. 

Mina, S., Prazak, B., Kronreif, G. (2005). A Robotic System to Enable and Analyze Play of 
Children with Physical Disabilities. 5th AAATE Congress, Lille, France. In: A. Pruski & H. 
Knops (eds.) Assistive Technology: From Virtuality to Reality. Amsterdam, The 
Netherlands: IOS Press, 535-539. 

Montessori, M. (1953). Il segreto dell’infanzia. Milano, Italy: Garzanti (orig. ed., Bellinzona, 
Switzerland: Istituto Editoriale Ticinese, 1938). 

Moor, D. (1998). Computers and people with autism. “Communication”, summer, 20-21. 

Morris, J. (2003). Including all children: Finding out about the experiences of children with 
communication and/or cognitive impairments. “Children and Society”, 17, 337-348. 

Mundschenk, N.A., & Sasso, G.M. (1995). Assessing sufficient social exemplars for students 
with autism. “Behavioral Disorders”, 21, 62-78. 

Murray, D. (1997). Autism and information technology: therapy with computers. In: S. Powell 
& R. Jordan (eds.) Autism and learning: a guide to good practice. London, United 
Kingdom: David Fulton Publishers Ltd, 100-117. 

Myers, C., McBride, S., Peterson, C. (1996). Transdisciplinary play-based assessment in 
early childhood special education: An examination of social validity. “Topics in Early 
Childhood Special Education”, 16, 102-126. 

Nelson, M.L., & Poulin, K. (1997). Methods of constructivist inquiry. In: T. Sexton & B. Griffin 
(eds.) Constructivist thinking in counselling practice, research, and training. New York, 
NY, USA: Teachers College Press, 157-173. 

Newell, A.F., (1998). Assistive Technology Research and Technological Development. In: I: 
Placencia Porrero, & E. Ballabio (eds.) Improving the Quality of Life for the European 
Citizen, Assistive Technology Research Series, Amsterdam, The Netherlands: IOS Press, 
xlvii-liii. 

Newell, A. Gregor, P. (2000). User Sensitive Inclusive Design – In search of a new paradigm. 
In: J. Scholtz & J. Thomas (eds.) Proceedings on the 2000 conference on Universal 
Usability. New York, NY, USA: ACM Press, 39-44.  

http://www.asee.org/conferences/annual/pdf/upload/2000-Best-Overall-Paper.pdf�
http://www.gel.usherbrooke.ca/laborius/papers/AAAISS2007c.pdf�


142 References 

Newell, A.F. & Gregor, P., (1997). Human computer interfaces for people with disabilities. In: 
M. Helander, T.K. Landauer, P. Prabhu (eds.) Handbook of Human-Computer Interaction. 
New Orleans, USA: Elsewier Science, 813-824. 

Newman, W.M. & Lamming, M.G. (1995). Interactive System Design. Boston, MA, USA: 
Addison-Wesley. 

Nielsen, J. (1993). Usability Engineering. Boston, MA, USA: Academic Press Inc. 

Nielsen, J. (1994). Estimating the number of subjects needed for a thinking aloud test. 
“International Journal of Human-Computer Studies”, 41, 385-397. 

Nietzsche, F. (1965). La gaia scienza. Milano, Italy: Adelphi (first ed., 1927) (orig. ed., Die 
fröhliche Wissenschaft, 1882). 

Osborn, A. (1963). Applied imagination. New York, NY, USA: Charles Scribner’s Sons.  

Papert, S. (1980). Mindstorms: Children, Computers and Powerful Ideas. New York, NY, 
USA: Basic Books. 

Parlebas, P. (1990). Activité phisique et éducation motrice. Paris, France: Dossier EP-S (1st 
ed., 1976). 

Parten, M.B. (1932). Social participation among pre-school children. “Journal of Abnormal 
and Social Psychology”, 27, 243-269.  

Pellegrini, A.D. & Smith, P.K. (2005). The Nature of Play: Great Apes and Humans. New 
York, NY, USA: Guildford Press. 

Peter, M. (2003). Drama, narrative and early learning. “British Journal of Special Education”, 
30, 21-27. 

Peterson, D.B. & Murray, G.C. (2006). Ethics and assistive technology service provision. 
“Disability and Rehabilitation: Assistive Technology”, January-June (1-2), 59-67. 

Phelps, P. & Hanline, M.F. (1999). Let’s play blocks: Creating effective learning experiences 
for young children. “Teaching Exceptional Children”, 32, 62-68. 

Phillips, B. & Zhao, H. (1993). Predictors of assistive technology abandonment. “Assistive 
Technology”, 5(1), 36-45. 

Piaget, J. (1980). Il giudizio morale del fanciullo. Firenze, Italy: Giunti Barbera (1st ed., 1972) 
(orig. ed., Le jugement moral chez l’enfant, Neûchatel, Switzerland: Delachaux et Niestlé, 
1932). 

Piaget, J. (1980). La formazione del simbolo nel bambino. Firenze, Italy: Giunti Barbera (1st 
ed., 1972) (orig. ed., La formation du symbole chez l’enfant. Imitation, jeu et rêve, image 
et représentation, Neûchatel, Switzerland: Delachaux et Niestlé, 1945). 

Powell, S. (1996). The use of computers in teaching people with autism. In: NAS Information 
Centre Autism on the agenda: papers from a National Autistic Society Conference. 
London, United Kingdom. 

Prazak, B., Hochgatterer, A., Kronreif, G., Furst, M. (2003). Robot Supported Play – New 
Possibilities for Physically Handicapped Children? 4th AAATE Conference, Dublin, Ireland. 
In: G. Craddock, L. McCormack, R. Reilly, H. Knops (eds.) Assistive Technology – 
Shaping the Future. Amsterdam, The Netherlands: IOS Press, 539–543. 

Preece, J. (1994). A guide to usability – human factors in computing. Boston, MA, USA: 
Addison Wesley & Open University.  

RCPCH – Royal College of Paediatrics and Child Health: Ethics Advisory Committee (2000). 
Guidelines for the ethical conduct of medical research involving children. “Archives of 
Disease in Childhood”, 82, 177-182. 

Reilly, M. (ed.) (1974). Play as exploratory learning: studies in curiosity behavior. London, 
United Kingdom: Sage. 



References 143 

 

Reinhartsen, D. (1995). Technology for Infants and Toddlers Made Easy. Chapel Hill, North 
Carolina University, USA: Bureau of Maternal and Child Health www.eric.ed.gov/ERIC-
Docs/data/ericdocs2sql/content_storage_01/0000019b/80/15/98/1c.pdf  

Rizzo, A., Marti, P., Decortis, F., Moderini, C., Rutgers, J. (2003). The POGO story world. In: 
E. Hollnagen (ed.) Handbook of Cognitive Task Design. Mahwah, NJ, USA: Lawrence 
Erlbaum, 577-602. 

Robins, B., Dautenhahn, K. (2006). The role of the experimenter in HRI research – A case 
study evaluation of children with autism interacting with a robotic toy. 15th IEEE 
International Workshop on Robot and Human Interactive Communication. In: IEEE Ro-
Man In: 15th IEEE RO-MAN Proceedings. Hatfield, United Kingdom: University of 
Hertfordshire. 

Robins, B., Dautenhahn, K., Dubowski, J. (2006). Does appearance matter in the interaction 
of children with autism with a humanoid robot? “Interaction Studies”, 7(3), 509-542. 

Robins, B., Dautenhahn, K., Dubowski, J. (2005). Robots as isolators or mediators for 
children with autism? A cautionary tale. AISB ’05 Symposium on Robot Companions Hard 
Problems and Open Challenges in Human-Robot Interaction. In: AISB ’05 Symposium 
Proceedings. Brighton, United Kingdom: SSAISB. www.aisb.org.uk/publications/-
/proceedings.shtml. 

Robins, B., Dautenhahn, K., te-Boekhorst, R. Billard, A. (2005). Robotic assistants in therapy 
and education of children with autism: can a small humanoid robot help encourage social 
interaction skills? “Universal Access in the Information Society”, 4(2), 105-120. 

Robins, B., Dautenhahn, K., te-Boekhorst, R., Billard, A. (2004a). Effects of repeated 
exposure of a humanoid robot on children with autism. In: S. Keates, J. Clarkson, P. 
Langdon, P. Robinson (eds.) Designing a More Inclusive World, Proceedings Cambridge 
Workshop on Universal Access and Assistive Technology. London, United Kingdom: 
Springer Verlag, 225-236. 

Robins, B, Dautenhahn, K., te-Boekhorst, R., Billard, A. (2004b). Robots as Assistive 
Technology – Does Appearance Matter? IEEE International Workshop on Robot and 
Human Interactive Communication, Kurashiki, Japan. In: Proceedings of the 2004 IEEE. 

Robins, B., Dickerson, P., Stribling, P., Dautenhahn, K. (2004). Robot-mediated joint 
attention in children with autism A case study in robot-human interaction. “Interaction 
Studies”, 5(2), 161-198. 

Roe, P.R.W. (ed.) (2007). Towards an inclusive future. Impact and wider potential of 
information and communication technologies. Brussels: COST. 

Rubin, J. (1994). Handbook of usability testing: how to plan, design, and conduct effective 
tests. New York, NY, USA: John Wiley & Sons, Inc. 

Rubin, K. H., Fein, G., Vanderberg, B. (1983). Play. In: P. Mussen & E.M. Hetherington 
(eds.) Handbook of child psychology: Vol. 4. Socialization, personality, and social 
development. New York, NY, USA: Wiley, 693-774.  

Rubin, K.M., Maioni, T.L., Hornung, M. (1976). Free play behaviours in middle and lower 
class pre-schoolers: Parten and Piaget revisited. “Child Development”, 47, 414-419.  

Ruff, H.A. & Lawson, K.R. (1991). Assessment of infants’ attention during play with objects. 
In: C.E. Schaefer, K. Gitlin, A. Sandgrund (eds.) Play diagnosis and assessment, New 
York: Wiley, 115-129. 

Ruff, H.A. & Lawson, K.R. (1990). Development of sustained focused attention in young 
children during free play. “Developmental Psychology”, 26, 85–93. 

Salter, T. & Dautenhahn, K. (2004). Guidelines for robot-human environments in therapy. 
IEEE International Workshop on Robot and Human Interactive Communication, Kurashiki, 
Japan. In: Proceedings of the 2004 IEEE, 41-46. 

http://www.eric.ed.gov/ERICDocs/data/ericdocs2sql/content_storage_01/0000019b/80/15/98/1c.pdf�
http://www.eric.ed.gov/ERICDocs/data/ericdocs2sql/content_storage_01/0000019b/80/15/98/1c.pdf�
http://www.aisb.org.uk/publications//proceedings.shtml�
http://www.aisb.org.uk/publications//proceedings.shtml�


144 References 

Salzman, M.C., Dede, C., Loftin, R.B. (1999). VR’s frames of reference: A visualization 
technique for mastering abstract multidimensional information. CHI ’99 Conference, 
“Human Factors in Computing Systems”. In: M.G. Williams (ed.) CHI ’99 Proceedings. 
New York, NY, USA: ACM Press, 489-495. 

Santrock, J.W. (2006). Life-Span development (10th ed.). New York, NY, USA: McGraw Hill. 

Scardamalia, M. & Bereiter, C. (1999). Schools as knowledge-building organizations. In D. 
Keating & C. Hertzman (eds.) Today’s children, tomorrow’s society: The developmental 
health and wealth of nations. New York, NY, USA: Guilford. 

Scherer, M.J. (1994). Matching person and technology (MPT) model and accompanying 
assessment instruments (rev. ed.). Webster, NY, USA: MPT Institute. 

Scherer, M., Sax, C., Vanbiervliet, A., Cushman, L., Scherer, J. (2005). Predictors of 
assistive technology use: The importance of personal and psychosocial factors. “Disability 
and Rehabilitation”, 27(21), 1321-1331. 

Scott, J. (2000). Children as respondents. In: P. Christensen & A. James (eds.) Research 
with children: perspectives and practices. London, United Kingdom: Falmer Press. 

Scurati, C. (2000). Tra i diritti del bambino il diritto alla realtà. In: G. Cattanei (ed.) Il bambino 
tra reale e virtuale. Brescia, Italy: La Scuola. 

Seale, C. (1999). The quality of qualitative research. London, United Kingdom: Sage. 

Seale, J.K. & Turner-Smith, A.R. (2003). Measuring the impact of assistive technology on 
quality of life: can rehabilitation professionals rise to the challenge? In: A.J. Carr, I.J. 
Higginson, P.G. Robinson (eds.) Quality of life. London, United Kingdom: BMJ Books, 79-
88. 

Serafini, S. (1990). Il giocattolo, significato e funzioni. In: S.S. Macchietti (ed.) Il bambino il 
gioco il giocattolo. Roma, Italy: FISM. 

Serino, C. (1996). Somiglianza e differenza nella rappresentazione sociale dell’handicap. In: 
G. Petrillo (a cura di) Psicologia sociale della salute. Napoli, Italy: Liguori. 

Shneiderman, B. (2004). Designing for fun: how can we design user interfaces to be more 
fun? “Interactions”, 11(5), 48-50. 

Siegel, B. (1998). The World of the Autistic Child: Understanding and Treating Autistic 
Spectrum Disorders. Oxford, United Kingdom: Oxford University Press. 

Sigman, M. & Ruskin, E. (1999). Continuity and change in the social competence of children 
with autism, Down syndrome, and developmental delays. “Monographs of the Society for 
Research in Child Development”, 64, 1-130. 

Sigman, M. & Sena, R. (1993). Pretend play in high-risk and developmentally delayed 
children. “New Directions in Child Development”, 59, 29-42. 

Silverman, D. (2000). Doing qualitative research: A practical handbook. London, United 
Kingdom: Sage. 

Simeonsson, R.J., Leonardi, M., Lollar, D., Bjorck-Akesson, E., Hollenweger, J., Martinuzzi, 
A. (2003). Applying the International Classification of Functioning, Disability and Health 
(ICF) to Measure Childhood Disability, “Disability & Rehabilitation”, 25 (11-12), 602-610. 

Sleeman, K.D. (1998). Disability’s New Paradigm. Implications for Assistive Technology and 
Universal Design. In: I. Placencia Porrero, & E. Ballabio (eds.) Improving the Quality of 
Life for the European Citizen. Assistive Technology Research Series. Amsterdam, The 
Netherlands: IOS Press, xx - xxiv. 

Sluss, D.J. (2002). Block play complexity in same-sex dyads of preschool children. In: J.L. 
Roopnarine (ed.) Play and culture studies: Vol. 4. Conceptual, social-cognitive, and 
contextual issues in the fields of play. Westport, CT, USA: Ablex, 77-91. 



References 145 

 

Smilansky, S. (1968). The effects of sociodramatic play on disadvantaged preschool 
children. New York, NY, USA: Wiley. 

Smith, R.O. (1996). Measuring the outcomes of assistive technology: Challenge and 
innovation. “Assistive Technology”, 8(2), 71-81. 

Staccioli, G. (2004). Il gioco e il giocare. Roma, Italy: Carocci (4th ed.). 

Stagnitti, K. & Unsworth, C. (2004). The test–retest reliability of the child-initiated pretend 
play assessment. “American Journal of Occupational Therapy”, 58, 93-99. 

Stagnitti, K. & Unsworth, C. (2000). The importance of pretend play in child development: An 
occupational therapy perspective. “British Journal of Occupational Therapy”, 63, 121-127. 

Steele, M.M. (2005). Teaching Students with Learning Disabilities: Constructivism or 
Behaviorism? “Current Issues in Education”, 8(10). 

Strickland, D. (1998). Virtual reality for the treatment of autism. In: G. Riva (ed.) Virtual 
Reality in Neuro-Psyco-Physiology, Amsterdam, The Netherlands: IOS Press. 

Sturgess, J. (2003). A model describing play as a child-chosen activity: Is this still valid in 
contemporary Australia? “Australian Occupational Therapy Journal”, 50, 104-108. 

Swindells, D. & Stagnitti, K. (2006). Pretend play and parents’ view of social competence: the 
construct validity of the Child-Initiated Pretend Play Assessment. The Australian 
Occupational Therapy Journal, 53, 314-324. 

Titman, P., Smith, M., Graham, P. (1997). Assessment of the Quality of Life of Children 
Clinical. “Child Psychology and Psychiatry”, 2(4), 597-606. 

Todis, B. & Walker, H.M. (1996). User Perspectives on Assistive Technology in Educational 
Settings. “Focus on Exceptional Children”, 26(3), X-16. 

Trochim, W. (2000). The Research Methods Knowledge Base. Cincinnati, OH: Atomic Dog 
Publishing (2nd edition). 

Tustin, F. (1990). The Protective Shell in Children and Adults. London, United Kingdom: 
Karnac. 

UNESCO (1994). Salamanca Statement and Framework for Action on Special Needs 
Education, Salamanca, Spain, 7-10 June 1994. www.unesco.org/education/pdf/-
/SALAMA_E.PDF.  

United Nations (2006). Convention on the Rights of Persons with Disabilities.  www.un.org/-
/disabilities/convention/index.shtml.  

United Nations (1990). Convention on the Rights of the Child. www.unhchr.ch/html/-
/menu3/b/k2crc.htm. 

United States Government (2004). IDEA – Individuals with Disabilities Education Act. 
Amendments of 1997.  

frwebgate.access.gpo.gov/cgibin/getdoc.cgi?dbname=108_cong_public_laws&docid=f:publ4
46.108.  

Uzgiris, I. & Hunt, J.M. (1975). Assessment in Infancy. Ordinal Scale of Psychological 
Development. Urbana, IL, USA: University of Illinois Press. 

Vanderheiden, G.C.(1992). Making Software more Accessible for People with Disabilities: 
Release 1.2. Madison, WI, USA: Trace Research and Development Center. 

Vayer, P. (1992). Per ritrovarsi nella complessità dei fenomeni umani. In: C. Perfetti & A. 
Pieroni (eds.) La logica dell’esercizio. Napoli: Idelson-Gnocchi. 

Veruggio, G. (2006). ICRA 07-EURON Roboethics Roadmap. 

www.roboethics.org/site/modules/mydownloads/singlefile.php?cid=3&lid=65.  

http://www.unesco.org/education/pdf/SALAMA_E.PDF�
http://www.unesco.org/education/pdf/SALAMA_E.PDF�
http://www.un.org/disabilities/convention/index.shtml�
http://www.un.org/disabilities/convention/index.shtml�
http://www.unhchr.ch/html/menu3/b/k2crc.htm�
http://www.unhchr.ch/html/menu3/b/k2crc.htm�
http://www.frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=108_cong_public_laws&docid=f:publ446.108�
http://www.frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=108_cong_public_laws&docid=f:publ446.108�
http://www.roboethics.org/site/modules/mydownloads/singlefile.php?cid=3&lid=65�


146 References 

Vig, S. (2007). Young Children’s Object Play: A Window on Development. “Journal of 
Development Physical Disabilities”, 19, 201-215. 

Vincent, K.A. & Higginson, I.J. (2003). Assessing quality of life in children. In: A.J. Carr, I.J. 
Higginson, P.G. Robinson (eds.) Quality of life. London, United Kingdom: BMJ Books. 

Visalberghi, A. (1958). Esperienza e valutazione. Torino, Italy: Taylor. 

Vygotskij, L.S. (1978). Mind in society: The development of higher psychological processes. 
Cambridge, MA, USA: Harvard University Press (1st ed., 1960). 

Vygotskij, L.S. (1966). Play and its Role in the Mental Development of the Child. “Soviet 
Psychology”, 5(3), 6-18 (orig. ed. 1933). In: J.S. Bruner, A. Jolly, K. Silva (eds.) (1981) 
Play. Its role in development and education. New York, NY, USA: Penguin (1st ed. 1976), 
657-678. 

Vygotskij, L.S. (1962) Thought and Language. Cambridge, MA, USA: MIT Press (orig. ed., 
Myšlenie i reč’ Psichologičeskie issledovanija. Gosudarstvennoe Social’no-
Ekonomičeskoe Izdatel’stvo, Moskva-Leningrad, 1934). 

Watson, L.R., Lord, C., Schaffer, B. Schopler, E. (1989). Teaching spontaneous 
communication to autistic and developmentally handicapped children. New York, NY, 
USA: Irvington Publishers, Inc.  

Werry, I., Dautenhahn, K., Ogden, B., Harwin, W. (2001). Can Social Interaction Skills Be 
Taught by a Social Agent? The Role of a Robotic Mediator in Autism Therapy. In: C. 
Beynon, K. Nehaniv, K. Dautenhahn (eds.) Cognitive Technology. Instruments of Mind. 
Proceedings of CT2001. London, United Kingdom: Springer Verlag, 57-74. 

Westby, C.E. (2000). A scale for assessing development of children’s play. In: K. Gitlin-
Weiner, A. Sandgrund, C. Schaefer (eds.) Play diagnosis and assessment (2nd ed.). New 
York, NY, USA: Wiley, 15-57. 

Westby, C.E. (1991). A scale for assessing children’s pretend play. In: C.E. Schaefer, K. 
Gitlin, A. Sandgrund (eds.) Play diagnosis and assessment, New York , NY: Wiley, 131-
161. 

White-Kress, V.E. (2003). Self-Injurious Behaviours: Assessment and Diagnosis. “Journal of 
Counselling and Development”, 81(4), 490-496. 

WHO – World Health Organization (2007). International Classification of Functioning, 
Disability and Health Children and Youth Version. www3.who.int/icf/onlinebrowser/-
/icf.cfm?undefined&version=7. 

WHO – World Health Organization (2001). International Classification of Functioning, 
Disability and Health. Geneva, Switzerland: WHO. 

WHO – World Health Organization (1952). Constitution of the World Health Organization. 
World Health Organization: Handbook of basic documents. Geneva, Switzerland: WHO, 5, 
3-20. 

Wilcox, M.J., Norman-Murch, T., Oberstein, J.S., Volkman, M.A., Wagner D.K., Musselwhite, 
C.R., Malena, E., Weber, C.A. (1999). Assistive technology: tips, tools and techniques. A 
parental resource manual. Tempe, USA: Arizona State University. 

Wing, L. (1996). The Autistic Spectrum. London, United Kingdom: Constable Press. 

Winnicott, D.W. (1971). Playing and Reality. London, United Kingdom: Tavistock 
Publications. 

Witkin, H.A., Moore, C.A., Goodenough, D.R., Cox, P.W. (1977). Field-dependent and field-
independent cognitive styles and their educational implications. “Review of Educational 
Research”, 47, 1-64. 

van Woerden, K., Gelderblom, G.J., Driessen, B. (2004). Robot Technology in Rehabilitation 
and Support; State of the art. In: S. Keates, J. Clarkson, P. Langdon, P. Robinson (eds.) 



References 147 

 

Designing a More Inclusive World 2004. London, United Kingdom: Springer Verlag, 195-
203. 

Woods, S., Dautenhahn, K., Kaouri, C., te-Boekhorst, R., Koay, K.L. (2005). Is this robot like 
me? Links between human and robot personality traits. 5th IEEE-RAS International 
Conference on Humanoid Robots, Tsukuba, Japan. In: Proceedings of 5th IEEE-RAS, 
375-380. 

Woods, S., Hall, L., Dautenhahn, K., Wolke, D. (2007). Implications of gender differences for 
the development of animated characters for the study of bullying behaviour. “Computers in 
Human Behavior”, 23(1), 770-786. 

Woolrych, A. & Cockton, G. (2001). Why and When Five Test Users aren’t Enough. IHM-HCI 
2001 Conference, Toulouse, France. In: A. Blandford & J. Vanderdonkt, P. Gray (eds.) 
People and Computers XV. Proceedings of IHM-HCI 2001 Conference. London, United 
Kingdom: Springer Verlag, 105-108. 

Zeedyka, S. & Heimannb, M. (2006). Imitation and Socio-Emotional Processes: Implications 
for Communicative Development and Intervention. “Infant and Child Development”, 15, 
219-222.





 

 

 

 

 


	Introduction
	a. Some definitions of play
	b. Play and education: a brief historical overview 
	b.1. Education of the body 
	b.2. Moral and spiritual education
	b.3. Education of the mind
	b.4. Mind-body-person: the complete educational project

	c. The IROMEC project
	d. Individuals and their life contexts: IROMEC and the ICF-CY
	e. Objectives and rationale of the study
	e.1. Methodology
	e.2. Contents


	1. Factors related to Play
	1.1. The functions of play today
	1.1.1. Play as a driving force for cognitive development
	1.1.2. Play as the product and driving force of social development
	1.1.3. Play and emotional development: diagnostic function, therapeutic function
	1.1.4. Play-related aspects to neuropsychological development

	1.2. Types of play
	1.3. Development stages of play
	1.3.1. Stages of play according to Piaget
	1.3.2. Some alternative proposals
	1.3.3. Development of play with objects
	1.3.4. Diagnosis of play capabilities

	1.4. Play contexts
	1.4.1. Play in the educational context
	1.4.2. Play in rehabilitation

	1.5. Play mediators
	1.5.1. Toys and toy classifications
	1.5.2. Relationships with education and rehabilitation professionals


	2. Factors related to the Individual according to ICF-CY
	2.1. Body functions
	2.1.1. Global mental functions
	2.1.2. Specific mental functions
	2.1.3. Sensory functions
	2.1.4. Voice and speech functions
	2.1.5. Neuromusculoskeletal and movement related functions (functions of the joints and bones, muscle functions, movement functions)

	2.2. Activities and participation
	2.2.1. Purposeful sensory experiences 
	2.2.2. Basic learning
	2.2.3. Application of knowledge
	2.2.4. General tasks and demands
	2.2.5. Communication
	2.2.6. Mobility
	2.2.7. Interpersonal interactions and relationships
	2.2.8. Major life areas
	2.2.9. Community, social and civic life – play 


	3. Factors related to the Context according to ICF-CY
	3.1. Environmental factors
	3.1.1. Products and technology
	3.1.2. Natural environment and human-made changes to environment
	3.1.3. Support and relationships 
	3.1.4. Attitudes
	3.1.5. Services, systems and policies

	3.2. Personal factors
	3.2.1. Gender
	3.2.2. Age
	3.2.3. Nationality and culture
	3.2.4. Cognitive styles and adaptability
	3.2.5. Previous experiences
	3.2.6. Educational styles


	4. Factors related to Technology and Robotics
	4.1. Approach to technology development
	4.1.1. Assistive Technology
	4.1.2. Universal Design
	4.1.3. Accessibility
	4.1.4. Innovation

	4.2. Usability
	4.2.1. Usability target group
	4.2.2. Performance Indicators for Usability Tests
	4.2.3. Characteristics of children that impact the usability test 

	4.3. Quality of life
	4.4. Functional aspect of the technology
	4.4.1. Communication and social interaction
	4.4.2. Manipulation
	4.4.3. Mobility

	4.5. Characteristics for autonomous and safe play
	4.5.1. Simple and intuitive
	4.5.2. Safe
	4.5.3. Predictable behaviour
	4.5.4. Physical Appearance
	4.5.5. Compatibility and adaptability
	4.5.6. Visual and sound effects
	4.5.7. Feedback 
	4.5.8. Robustness 
	4.5.9. Social mediator
	4.5.10. Cost 


	5. Factors related to Methodology
	5.1. Research issues
	5.1.1. Qualitative and quantitative approaches
	5.1.2. Data collection
	5.1.3. Quality of measurement

	5.2. Design development
	5.2.1. Creative Design
	5.2.2. Universal Design
	5.2.3. User-centred Design
	5.2.4. Participatory Design
	5.2.5. Some final remarks on design development

	5.3. Ethical issues
	5.3.1. Non-harmful and safe procedures
	5.3.2. Consent
	5.3.3. Confidentiality and data protection
	5.3.4. Encouraging desirable behaviours

	5.4. Educational issues
	5.4.1. Educational approaches
	5.4.2. Educational trends
	5.4.3. Tool for learning
	5.4.4. Advice for educational practice
	5.4.5. Assistive Technology assessment 

	5.5. Rehabilitation issues
	5.5.1. Occupational and Play Therapy
	5.5.2. Physiotherapy rehabilitation
	5.5.3. Advices for Therapeutic practice
	5.5.4. Assessment 


	6. Checklist of Critical Factors
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


