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ABSTRACT 
The workshop addresses the emerging field of research on 
robotics, assistive technologies and interaction design promoting 
play for physically, visually, and hearing impaired children and 
for emotionally and mentally handicapped children. Interactive 
devices including toys, pets and educational tools as well as 
interactive collaborative environments may represent a unique 
opportunity for disable children to full engage in play and have 
fun. The Creative Interactive Play workshop presents a 
collection of innovative interactive technologies and case studies 
for inclusive play and discusses the challenges and opportunities 
they can bid to disabled children. 

Categories and Subject Descriptors 
H.5.2 [User Interfaces]: User-centered design, Screen design, 
Prototyping, Input devices and strategies.  

General Terms 
Human-robot interaction, inclusive play, assistive technologies 

Keywords 
Interactive toys, inclusive play, assistive technologies. 

1. INTRODUCTION 
The concept of interactive technologies and robotics are 

undergoing a surprising expansion within the sphere of 
children's play. These technologies refer to a growing range of 
interactive devices including robotic toys, interactive 
environment and educational tools which are expected to have 
beneficial effects on children development.  

In recent years various types of robotic tools have been used 
for the therapeutic and rehabilitative purposes. Robots 
specifically designed to stimulate social exchanges have been 
used to support the cognitive development and maturation of 
children with socio-relational disturbances, from slight linguistic 
retardations to Down Syndrome [11,12], from developmental 
retardations to relational deficit problems such as autism. In 
particular the studies performed on autistic subjects had the 
objective of drawing on the interest that many children affected 
by this relational disorder show toward technological objects, in 
order to then establish a relationship with the children. [15]. 
Probably The first study in this field has been carried on by 
Sylvia Weir and Ricky Emanuel [6] who used a remote-
controlled robot as a remedial device for a seven-year-old boy 
with autism. Other researches have been conducted that made 
use of robots in the rehabilitation domain [16] and more 

specifically with autistic children [13,14,1,2]. Francois Michaud 
and his team at Université de Sherbrooke developed different 
typologies of mobile autonomous robotic toys with the aim of 
supporting autistic children in the acquisition of social and 
communication basic skills.  
A considerable set of the experiments have been conducted 
within the AURORA project (AUtonomous RObotic platform as 
a remedial tool for children with Autism) which aims at studying 
the therapeutic role of robots in the treatment of autism based on 
the observations that people with autism enjoy interacting with 
computers [17]. Within this project interesting results have been 
achieved by testing a humanoid robotic doll, Robota, [3]. In their 
study the children affected by autism were repeatedly exposed to 
the humanoid robot over a period of several months with the aim 
of encouraging imitation dynamics and social interaction skills.  
Keepon [9] has been used to study emphatic relationships 
between the robot and autistic children. Keepon is a small soft 
rubber robot (snowman-like) with no arms, capable of 
expressing its attention by orienting its face to a certain target in 
the environment and expressing emotional states, like pleasure 
and excitement, by rocking its body from side to side and by 
bobbing its body up and down.  
  Among ongoing projects, Iromec (www.iromec.org) is a social 
robot that targets children who are prevented from playing, 
either due to cognitive, developmental or physical impairments 
which affect their playing skills, leading to general impairments 
in their learning potential and more specifically resulting in 
isolation from the social environment. Three different categories 
of disturbances are addressed by this research project: autistic 
spectrum disorders and other affective and socio-relational 
disturbances, severe physical and motor disabilities like cerebral 
palsy, and mental retardation (intellectual and learning 
disabilities). IROMEC investigates how robotic toys can provide 
opportunities for learning and enjoyment being tailored towards 
becoming a social mediator, empowering children with 
disabilities to discover the range of play styles from solitary to 
social and cooperative play. 
In the domain of interactive environments used as rehabilitation 
setting we ca mention the PLAYWARE project. PLAYWARE is 
an interactive playground made up of tangible tiles, which 
functions as a building block by containing processing power, 
sensors, actuators, and communication capabilities. It is an 
Ambient Intelligence application for play and therapy that can 
be adapted to user needs and supports the creative invention of 
games. PLAYWARE can be used with different physical 
configurations on the walls and floor. The tiles analyze patients' 
movements, measuring their progress. PLAYWARE is mainly 
designed for physical activity and learning through play [10].  
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Another example is Active surfaces, a system of modular 
floating tile developed within the PALCOM project for 
supporting water therapy. The system consists of a number of 
tile components that constitute a network of physical (and 
software) objects communicating each other, exchanging data 
and able to recognize their relative positions in the space. These 
features allow constructing meaningful configurations of 
different tiles. The therapists can configure these assemblies by 
programming by examples. They can save successful 
configurations, keep memories of previous configurations and 
generate new assemblies to support patients’ specific needs. 
Each tile acts as a building block that can be defined using a 
library of contents (images, sounds, pictures…). The 
rehabilitation activities enabled by the active surfaces allow a 
smooth integration of cognitive and physical task [7]. 

Different projects have been carried out in the field of Sound 
Therapy. Among others, the Soundbeam is a musical instrument, 
similar to an invisible, elastic keyboard in space, which allows 
sound and music to be created without requiring physical contact 
with any equipment. It has proven to be significant in the fields 
of disability and special education [4,5]. Soundbeam has been 
applied in 'sound therapy' with the goal of training and 
supporting posture, balance, and cause-and-effect, as well as in 
creative and experimental explorations in which disabled 
children and adults become the composers and performers.  

 
The aim of this workshop is to collect and discuss research 

from robotics to interactive environments and tangible media 
promoting play for physically, visually, and hearing impaired 
children and for emotionally and mentally handicapped children.  

2. WORKSHOP OBJECTIVES 
This workshop want to bring together participants from many 
different fields of research whose work is related to creative 
interactive play for disabled children. The design of interactive 
toys for children with special needs is a complex activity that 
requires multidisciplinary contributions from interaction 
designer and technology development to special education and 
rehabilitation.  
In particular the workshop aims to identify some of the issues 
that can arise when designing technologies for children of 
differing mental and physical abilities.  

2.1 Workshop issues 
Play 
Playing is a substantial and joyful part in the life of children, it 
can be relaxing, exciting, children can play a role and it is an 
important possibility to get in touch with other children. The 
ICF-CY (International Classification of Functioning and 
Disability) considered playing activities, as one of the most 
important aspects in a child’s life, a parameter to be considered 
for the assessment of the children’s Quality of Life. 
Social Inclusion 
Children with a disability do not only experience the physical 
and psychological consequences of their impairment in the short 
time but the disability will profoundly affect the development of 
their social skills all along their life.  
For a full participation to the society, communication and social 
interaction skills are fundamental: both these skills can be 
acquired during play in the childhood and the interactive 
technologies for play can play a main role in supporting the 
development of such skills and in promoting social inclusion. 

Play Therapy 
Play therapy may help disable children to improve their skills 
becoming more independent. 
Since play represents a fundamental opportunity to develop and 
learn, play therapy can provide an important role in increasing 
the quality of life, the learning skills, and the social inclusion. 

3. WORKSHOP OVERVIEW 
The workshop collects theoretical and methodological 
contributions as well as case studies as described below. 

3.1 The Huggable: A Platform for Research 
in Robotic Companions for Pediatric Care 
This paper by Walter Dan Stiehl, Jun Ki Lee, Cynthia Breazeal, 
Marco Nalin, Angelica Morandi, Alberto Sanna reports several 
scenarios to be explored regarding the use of Huggable robot in 
Paediatric Care at San Raffaele Hospital in Milan. 
Different scenarios of use developed with the medical team of 
San Raffaele hospital have been presented: “diabetes education”, 
“companion and confidant”, “needle education”, “family and 
friend communication channel”, “data collection and 
transmission”. These scenarios allow to reflect on several issue 
related to use of robots in care settings:  i.e. (1) hardware and 
software design of the systems, (2) the selection of domain and 
development of the systems, (3) the ability for the stuff to use 
such system,  (4) metrics to measure performance and  (5) how 
these system can be integrated in the daily life of child in the 
paediatrics care. All these aspect reflect into the concept of 
“cognitive prescription”, developed as an approach at San 
Raffaele Hospital.  

3.2 CuttingGame: A Computer Game to 
Assess & Train Visual- Motor Integration 
Ability for Preschool Children 

The article by Pei-Yao (Perry) Hung, Hao-Hua Chu discusses 
Cutting Game, a Flash-software for training, recording and 
evaluating children’s ability of visual-motor integration for 
retrospective analysis. Cutting game has been tested on seven 
children with autism. The software has been installed at their 
homes and used throughout a test-phase. The article reports on 
initial results and reflects upon the possibilities and limitations 
of the Cutting Game software. The paper points out, and utilizes 
the fact that children affected with autism enjoy interacting with 
computers and robots. Inspired by the idea of clipping and 
pasting (an activity they do at the hospital as part of therapy), the 
computer game, CuttingGame, has been developed to serve as a 
(standardized) test to assess visual-motor integration ability of 
children. The paper shows that it is possible to develop a 
computer game as training and testing tool, which cover all the 
functionalities needed, i.e. training, recording, and evaluating, to 
assess children’s visual-motor integration ability. 

3.3 The role of tangible technologies for 
promoting effective inclusion  
This paper by Taciana Ponctual Falcao and Sara Price presents a 
preliminary investigation concerning the effect of tangible 
technologies on the participation of children with special needs 
to the class activities. In particular, the authors support the idea 
that tangible technologies play a critical role in fostering peer-to-
peer relations and collaboration.  
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The authors present the result of a preliminary qualitative 
investigation. Four teachers have been interviewed about “their 
experience, regarding class management to include the different 
needs of the students, their characteristics, inclusion in regular 
classes, and the use of concrete objects and technology”.  
According to the authors, the results of the preliminary 
investigation support the thesis that tangible technology can 
have an effect in involving children with special educational 
needs in a range of different educational and social activities. 
 
3.4 Robot as a Social Mediator - a Play 
Scenario Implementation with Children with 
Autism 
The paper by Ester Ferrari, Ben Robins and Kerstin Dautenhahn 
discusses the outcomes of the EU project IROMEC, an 
interactive modular robot platform developed to facilitate game 
activities for disabled children. The paper presents the ‘Make it 
move’ play scenario - specifically developed for autistic children 
- and the early trials with the modular robot developed within 
the project utilizing Wizard of Oz techniques and its outcomes. 
For many children with cognitive, developmental, or physical 
impairments, play is often limited. Nonetheless, play has an 
important role in a person’s early development. The paper 
suggests that robotic technology might be used to enable these 
children to play, thereby encouraging their development of 
social interaction skills. In this perspective, the IROMEC robot 
can be used as a toy to encourage and facilitate children with 
autism to interact with other people (peers and adults), acting 
therefore as a robotic social mediator. 

3.5 How to use robots for play in therapy and 
educational context? The IROMEC 
methodological proposal 
The paper by Serenella Besio, Francesca Caprino and Elena 
Laudanna describes a methodological framework intended to be 
used as a tool to set up educational and therapy play sessions, 
addressed to children with disability, making use of robotic 
technologies. The methodological framework is based on the 
The International Classification of Functioning, Disability and 
Health – Children and Youth, and provides clinicians and 
professional with an useful, practical and well-documented tool 
to make decisions concerning the use of robotic technologies in 
educational and play activities. 

3.6 Designing Social and Emotional 
Experiences for Children with Cognitive and 
Developmental Disabilities 
This paper by Debra Satterfield describes the approach 
developed within a graduate level course focused on the design 
of educational experiences for children with developmental 
disabilities. 
Course goals and objectives are presented as well as the adopted 
design procedure. The education experience is particularly 
addressed with reference to the use of sign language. The 
different prototypes developed by the students are presented and 
the outcomes of this experience are discussed as well. 
 
3.7 Magic Glove: An interactive hardware / 
software system to animate objects. An 

exploratory study in rehabilitation setting 
This paper by Angelo Rega, Iolanda Iacono and Amalia Scoppa 
illustrates the technology and the early results of an exploratory 
study on interactive play as a support to speech therapy. The 
speech treatment for children with hearing impairment is a very 
challenging task and it is very difficult to keep focused 
children’s attention and collaboration during the activity. Initial 
observations instead reveal that speech treatment is based on the 
repetition of object’s name (i.e. toy, picture, etc.) that the 
children use in daily life. In this work an interactive hardware / 
software system is presented and it is used to “animate” 
everyday objects. This application has been adopted as a support 
for the treatment of children with hearing impairment.   

3.8 Making robotic toys accessible for 
children with motor disability  
In this paper Serenella Besio, Francesca Caprino and Elena 
Laudanna describe the general framework of an experimental 
research that will be carried out during Spring 2009 with three 
off-the-shelf toy robots, which have been selected to be further, 
customized in order to meet the specific needs of children with 
severe motor impairment. The robotic toys will be used in play 
interventions in order to investigate their possible role as play 
mediators in therapeutic and educational contexts. Robots have 
been chosen on the basis of a set of pre-defined play scenarios 
specifying the setting, the therapeutic or educative objectives to 
be reached, the actors involved in the play activity and their 
interactions. The study aims to illustrate the process applied in 
the robots selection and adaptation and to describe the possible 
use of these systems in scenario-based play activities. 

4. ON LINE DISCUSSION GROUPS 
The main topics of the workshop have been elaborated in on line 
discussion groups. A Facebook Workshop Group1 and a 
Linkedin Workshop Group2 have been launched for sharing 
ideas on the proposed topics. In what follows excerpts of the 
main contributions are reported highlighting the main challenges 
in designing interactive devices/technologies/robotics for 
children with special needs. 
- Exploring unique methods for developing educational 
experiences for children with developmental disabilities using 
design teams of graphic design and human computer interaction 
students (Discussion by Debra Satterfield and Leonardo Giusti). 
This topic examines a graduate level course focused on the 
design of educational experiences for children with 
developmental disabilities. It looks at how students from graphic 
design and human computer interaction can be combined to 
work in design teams focused on creating educational game 
experiences for children with autism, epilepsy, or cerebral palsy. 
The design methodology focuses on a unique combination of 
activity theory, Kansei engineering, and the symbiotic roles of 
emotion, cognition, motivation, and behavior. 
- How might tangible technologies: (a) support the participation 
of children with special educational needs and collaboration 
among themselves and their peers? And (b) aid their knowledge 

                                                                 
1 http://apps.facebook.com/groupsplus/group.php?id=243 
2http://www.linkedin.com/groups?home=&gid=1807032&trk=a

net_ug_hm&goback=.anh_1807032 
 



IDC 2009 – Workshops                                                                                                                                          3-5 June, 2009 – Como, Italy 

 

 7 

construction? (Discussion by Taciana Ponctual Falcao, 
Alessandro Pollini, Leonardo Giusti, Debra Satterfield). 
According to Hornecker and Buur [8], tangible interaction 
encompasses a broad range of systems and interfaces that embed 
a strong social component: interaction is easily observable, the 
structure of physical actions contributes to the interpretation of 
what other users are doing and face-to-face social interaction are 
facilitated and supported. Indeed, the physicality of tangible 
interfaces, besides being generally supported by socio-
constructivist theories of learning, is especially beneficial for 
special needs.  
- Robotic social mediators for children with special need 
(Discussion by Ester Ferrari). Play is a decisive vehicle through 
which children learn about themselves, the environment, and 
develop social skills. However, for many children with 
cognitive, developmental, or physical impairments, play is often 
limited. Robotic technology might be used to enable these 
children to play, thereby encouraging their development of 
social interaction skills. One of the main research questions is 
whether a single robotic toy can be used as a social mediator for 
children with different special needs, helping them to meet a 
variety of therapeutic and educational objectives in different 
developmental areas. 
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ABSTRACT 
Robotic companions offer a unique combination of embodiment 
and computation which open many new interesting opportunities 
in the field of pediatric care.  As these new technologies are 
developed, we must consider the central research questions of 
how such systems should be designed and what the appropriate 
applications for such systems are.   In this paper we present the 
Huggable, a robotic companion in the form factor of a teddy bear 
and outline a series of studies we are planning to run using the 
Huggable in a pediatric care unit. 

Categories and Subject Descriptors 
H.5.m [Information Interfaces and Presentation (e.g., HCI)]: 
Miscellaneous 

General Terms 
Design, Experimentation, Human Factors 

Keywords 
Personal robot, robotic companion, pediatrics 

1. INTRODUCTION 
For many children, a visit to the hospital can be a very stressful 
and scary experience. Hospitalization implies going away from 
one’s own home, family, and friends and into an unknown 
environment in which they have difficulty understanding what is 
happening to them. This experience can generate sensations of 
abandonment, confusion, loneliness, fear, and powerlessness. The 
information of what will happen during hospitalization and the 
gradual introduction in the physical and psychological 
environment of the hospital and the doctors, nurses, and staff can 
help reduce these feelings.  If the parents are involved with this 
process it can further lower the anxiety of the child and facilitate a 
cooperation with the treatment process. 

We are particularly interested in exploring the potential for 
robotic companions to be used in this environment of pediatric 
care.  Robotic companions offer the unique combination of 
computation, communication, data collection, embodiment, and 
character.  Such systems can not only interact with the child but 
serve as an important link to the doctors and nurses.  For example, 

as the child plays with the robotic companion, behavioral or 
medical data can be collected and then shared with the staff.  
Additionally, the robot can serve as a communication link 
between the pediatric unit staff and the child, relaying messages 
from the child to the staff or prompting the staff to check on the 
child in certain cases.  But of equal importance, the robotic 
companion can be used as a communication channel between the 
family and the child allowing parents to play with their child 
through the robot in cases of physical separation due to distance 
or safety concerns.  Thus, what emerges is not simply a dyad of 
child and robot, but rather a more powerful triad that consist of 
the child, the robot, and the family or the staff.   

Previous work in the field of robotics and healthcare has explored 
the development of robotic pets (modeled on pet therapy) such as 
the Paro robotic seal [1].  However, in all cases these robots were 
simply a dyad.  These robots do not feature data collection 
capabilities or allow for communication between child and staff or 
family members.  Additionally, in many cases these robots are 
fully autonomous and thus limited in their current behaviors. 

We believe that many interesting research questions exist today 
surrounding the growing field of robotics and healthcare for 
children.  These questions concern (1) the hardware and software 
design of these systems, (2) the selection of domains and 
development of these systems, (3) the ability for the staff to use 
such systems, (4) metrics to measure performance, and (5) how 
these systems can be integrated in the daily life of the child in 
pediatric care. 

To help understand the many research questions in this new field 
of robots in pediatric care we have been developing the Huggable 
robot research platform [2].  In this paper we will first describe a  
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Figure. 1. The Current Huggable V3.0 Prototype (in 

development) (right) and the Concept Plush (left).  In the 
current prototype only the underlying mechanics of the robot 

are shown.  The sensitive skin system, soft silicone rubber 
beneath the fur, and final cosmetic fur exterior are not shown 
in this photo.  When fully finished it will look like the concept 

plush at left. 
brief overview of the Huggable robot.  Next, we will describe 
previous work in combining technological systems with pediatric 
care at the San Raffaele Del Monte Tabor Foundation of Milano, 
Italy (HSR).  Finally, we will outline a set of studies planned for 
the Huggable at HSR to answer these research questions.       

2. THE HUGGABLE ROBOT PLATFORM 
The Huggable is shown in Figure 1.  It features a combination of 
technologies which make it a powerful research platform for 
companion robots.  In the head of the robot is an array of 
microphones, two cameras in the eyes (one color and one black 
and white), and a speaker in the mouth.  In the body, the Huggable 
features an inertial measurement unit (IMU), passive 
potentiometers in the hips and ankles for joint position sensing, 
and an embedded PC with wireless networking.  The Huggable 
currently features eight degrees of freedom (DOF) – a 3-DOF 
neck (nod, tilt, and rotate), a 2-DOF shoulder mechanism in each 
arm (rotate and in/out), and 1-DOF ear mechanism. In addition, 
these degrees of freedom feature a quiet and back drivable 
transmission system.  We are also developing a full body, multi-
modal sensitive skin system [3] capable of detecting affective and 
social touch [4]  Currently, the Huggable runs on a 12V power 
supply but will ultimately be wireless. 

The Huggable is being designed to function along a spectrum of 
autonomy with varying degrees of human control from a fully 
human operated puppet to a fully autonomous robot.  We believe 
that in the middle area between these two extremes, i.e. when the 
robot acts as a semi-autonomous robot avatar, there is much 
potential for interesting applications.  Previous work in this 
domain has focused on communication applications [5] or Wizard 
of Oz studies, such as [6].  In these examples an expert knowledge 
of the system is required.   In many real world cases the doctors, 
nurses, family members, or staff may only have a limited 
knowledge of the internal workings of the system, if at all, and 
thus may not be able to alter the robots own programming in the 
same way as the developers.  Additionally, this approach opens 
the door to new types of collaborative research studies with 
people from different fields of expertise. 

In our approach, the doctors, nurses, or pediatric unit staff can 
control aspects of the robot through a website shown in Figure 2.  
This website allows for operators to not only see and hear the  

 
Figure 2. A Screen-Shot of our Current Web Interface. The 

lower left portion is the stale panorama. On the stale 
panorama, the blue window on the left side of the panorama 

shows the target position where the operator wants the 
Huggable to look next and the yellow window in the upper 

right shows the Huggable’s current live camera feed.  Across 
the top of the website from left to right are: 1.) a series of 

options (such as turning on face detection) which can be used 
by the operator, 2.) the play sound and text to speech audio 

functions which the operator can use to play back sound 
effects or talk to the user through the Huggable (in addition to 

using the worn headset microphone), 3.) the motion state 
animated 2D graphic which displays an animation based on 

the classified output of the IMU (i.e. rocking, picked up, 
bouncing, etc), and 4.) the virtual Huggable 3D WYSIWYG 

representation of the current motion of the Huggable robot as 
well as any interactions such as the user wiggling the 

Huggable’s feet.  Below the virtual Huggable are a series of 
animations which can playback on the Huggable with the 

operator’s mouse click 
child through the eyes and ears of the robot, but also to playback 
animations, sound files, and direct the robot’s gaze to share 
attention.  A virtual version of the robot also provides feedback to 
the operator of the current robots configuration as well as 
orientation and other sensor information.  In addition to this 
website, a tangible Sympathetic Interface, a wearable IMU or 
gesture based system employing a Nintendo Wii controller can be 
used to control the robot’s degrees of freedom.  These additional 
systems allow for the robot to be used in rehabilitation scenarios, 
similar to the work of socially assistive robots [7], imitation 
scenarios with children in autism such as the work of [6], or for 
storytelling scenarios with the sympathetic interface used for 
gesture control.  A full description of this website and the semi-
autonomous robot avatar system can be found in [8, 9].   

3. THE HOSPITAL OF THE SAN 
RAFFAELE DEL MONTE TABOR 
FOUNDATION (HSR)  
San Raffaele del Monte Tabor 
(http://www.fondazionesanraffaele.it) is a private non profit 
foundation that runs one of the most important Italian hospitals 
(San Raffaele Hospital in Milan) and several outpatient facilities 
in Milan, as well as in Italy and abroad.  In addition, HSR serves 
also as a University, a very active Scientific Institute, and as a 
very active Science Park, that enables technology transfer and 
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tight co-operation with pharmaceutical, medical and technological 
industries.  
Since 2007 Scientific Institute San Raffaele hosts the DRI, 
Diabetes Research Institute, the international center of excellence 
for the study and the treatment of diabetes. The San Raffaele 
Hospital Department of Pediatric and Neonatology  
(http://www.sanraffaele.org/62015.html, in Italian) is specialized 
in the diagnosis and care of pediatrics and adolescent diseases. It 
is a Center for Endocrinology of infancy and adolescence and 
Regional Reference Center for the diagnosis and cure of diabetes 
mellitus in pediatric and adolescent ages and it’s staff includes all 
relevant stakeholders for the child’s care. 
Since 1997, HSR has added among its significant assets a specific 
unit oriented to the Information Technology applications in health 
domain. This unit, e-Services for Life and Health 
(http://www.eservices4life.org) is specialized in the delivery of 
services internally to the hospital infrastructure (person 
identification systems, process re-engineering) as well as oriented 
to innovative domains and disciplines (interactive television, 
educational games). The unit started to experiment with new 
interactive applications to strengthen the child’s resources and 
limit the child’s distress and discomforts. Among these initiatives 
are: 1) an interactive welcome cartoon explaining the hospital 
environment’s spaces, tools and personnel, designed with one of 
the most famous Italian cartoonists; 2) a holographic tv; 3) a set of 
educational flash games and multimedia content; 4) interactive 
games for fruit and vegetables consumption promotion, and 
physical activity promotion. With a joint activity between doctors, 
psychologists and engineers, San Raffaele developed an 
innovative concept of “cognitive prescription”, where contents 
and tools are tuned on the personal profile of each child. 

4. APPLICATION SCENARIOS 
In May of 2008, the authors met with a series of doctors, nurses, 
and staff of HSR to brainstorm a series of research scenarios in 
which the Huggable robot could be used with children in the 
pediatric unit.  Here we present some planned research to be done 
within the next few years of our collaboration.  Please note in all 
scenarios, the Huggable is being designed with removable exterior 
fur skins which can be washed to prevent infection or disease 
transmission and concerns of privacy and safety are central to our 
research, and though not explicitly stated in these scenarios, 
proper protections are being designed into these scenarios.   

4.1 Diabetes Education 
It is estimated that on an annual basis some 65000 children aged 
under 15 years develop type 1 diabetes worldwide. Type 1 
diabetes places a particularly heavy daily burden on the 
individual, the family and the health services  Nowadays, for 
people affected by diabetes, self-management education training 
is important since people with diabetes and their families provide 
95% of their care by themselves This education can only be 
regarded successful if it helps people with diabetes to cope with 
this dilemma, reduces psychological distress related to the burden 
of intensive diabetes self-management, and prevents ‘diabetes 
burnout’ [10] 

We believe that the Huggable can be used as a teaching tool in a 
semi-autonomous mode with a doctor or nurse serving as 
operator.  In this scenario, the robot will rehearse the educational 
material provided by the professionals during daily lessons in 

order to help the young diabetic patient to  understand what 
diabetes entails, will help the patient with his or her diet, will 
instruct the patient on the procedure of measuring blood sugar 
levels, recognizing symptoms of hyperglycemia or hypoglycemia 
and administering insulin. As the hospital stay for young patients 
newly diagnosed with diabetes is often long (up to 10 days), the 
robot will also play a crucial role in making the stay more pleasant 
for the young patient. 

4.2 Companion and Confidant 
In the Companion and Confidant scenario the robot will first 
fulfill the role of a trustworthy companion in which the young 
patient can confide. As in the previous example, the robot will run 
in a semi-autonomous mode for a first evaluation of this 
application.  In informal user requirement studies at HSR, 
practitioners stressed how hard it is to form a relation with young 
patients and how this hinders getting information on which to base 
the treatment, like sources of anxieties or unexpressed reasons for 
non-compliant behaviors. This makes it difficult to gather 
information which is crucial for making an accurate diagnosis and 
for getting truthful feedback on how the young patient feels or 
how the therapy is proceeding. We believe that the form factor of 
the Huggable robot as Teddy Bear and its small size may cause 
the child to use the robot as an emotional mirror.   The goal of this 
study will be to evaluate the level that a child will confide in the 
Huggable and the potential benefits to their health this may 
provide. 

4.3 Needle Education 
Injections are part of the treatment regiment in Type I diabetic 
children, for insulin shots, as well as in other pathologies.  We are 
interested in exploring the use of the Huggable to teach children 
and their families how to properly execute injections. The 
Huggable, in a semi-autonomous mode, could play the role of the 
patient while a doctor or nurse described where the injection 
should be excuted, how much pressure to apply, what is the right 
angle, etc. Moreover, it’s foreseen that a certain psychological 
support will also be provided, by mediating the scary experience 
through the robot. The injection training program could be 
targeted both to the children and to the parents (for very young 
patients); it has in fact been reported that most times the parents 
are the most scared ones, with a negative impact on the children. 

4.4 Family and Friends Communication 
Channel 
Many children who are in the hospital for a long time may loose 
contact with family members and their friends.  Additionally, due 
the size of HSR it is capable of performing many complicated 
procedures not possible in local hospitals.  As a result, children 
may travel a great distance from their family and friends for 
treatment.  One important aspect of the Huggable’s design is its 
focus on family communication [8].  In the triad of interaction in 
this scenario, the Huggable would be in the child’s hospital room.  
A remote parent or friend could then use the website shown in 
Figure 2 or the control interfaces described in [8, 9] to see the 
child’s face, hear the child’s voice, and interact and communicate 
with the child through the Huggable.  A monitor in the child’s 
room would show the face of the family member of friend.  This 
scenario could be another aspect of the daily set of interactions 
with the Huggable. 
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4.5 Other Applications 
We believe that the Huggable could also be used to encourage 
social interaction between the children in the pediatric ward and 
provide entertainment.  The Huggable could also be used in a play 
therapy scenario in which the behavior of the child (as recorded 
through the robot’s sensors) could be documented and shared with 
the doctor for further analysis.  We fully expect that as we run 
these first pilot experiments that further applications will become 
apparent and we will plan to test these scenarios in future work. 

4.6 Data Collection and Transmission 
Implicit in all of these scenarios is the Huggable’s ability to 
collect data.  This data can be behavioral in nature, such as touch, 
gesture, or other sensor information.  This information could be 
integrated with other medical data via Bluetooth or WiFi 
communications on those devices.  This data stream can be shared 
with the doctors, nurses, or staff in various ways for real time 
monitoring, off-line analysis, or providing an alert signal.   

5. CONCLUSION 
Personal Robotic Companions have the potential for many 
positive benefits for children in a pediatric care facility.  Robots 
are still a very new and novel technology and they hold many 
interesting questions.  In order to answer these questions we must 
conduct studies out of the lab in the actual environments that these 
systems will ultimately be deployed.  In this paper we have 
presented our current work in developing the Huggable robot, 
specifically being designed to function as a portable research 
platform.  The proposed research scenarios presented in this paper 
will allow us to analyze the benefits that such a system may have 
in pediatric care.   
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ABSTRACT 
In this paper, we describe the design and implementation of 
CuttingGame, a computer game designed to train, record, and 
evaluate the visual-motor abilities of children. The game also 
integrates recorded data to assist in retrospective analysis. Our 
system consists of a desktop personal computer, a pen tablet, 
evaluation software, and game software designed to provide 
training and recording functionality. This paper discusses our 
user study and the initial results of a trial of this game designed 
for preschool children with autism.  

Keywords 
Visual-Motor Integration, Children, Game, Autism 

INTRODUCTION 
One well-established goal of public health officials has been the 
early detection of developmental delays. In order to do this they 
often use an assessment of Visual-motor integration in children. 
Visual-motor integration is the ability to coordinate motor 
movement with visual stimuli and it is something with which 
children with autism or developmental delay have noticeable 
difficulty. Traditional treatment activities, which have the 
students clipping and pasting paper, are designed and facilitated 
by therapists and require professionals to observe or video-tape 
sessions for further analysis.  Many appointments need to be 
scheduled to accommodate all the children who need them, and 
this often means that each child has a relatively short time to 
receive treatment. Unfortunately, results from activities and 
standardized tests need professionals, like therapists, to evaluate 
and grade them manually, and this can be a laborious and 
inaccurate task. The time-consuming human-resource 
requirement makes this more extensive training/evaluation 
(proven to be effective in the treatment of developmental delay) 
almost impossible.  
Another factor in our thought process was the fact that current 
research findings demonstrate that people with autism enjoy 
interacting with computers [1] and robots [2], because of their 
predictable characteristics. For example, PETS [3][4] is a 
popular robot that mimics children’s posture. Therapists use it as 
a means to involve children in story-telling activities. SIDES [5], 
a four-player cooperative tabletop computer game, helps 
adolescents with Asperger’s Syndrome practice group work 
skills. Picard et al. [6] even developed a system to help autistic 
children learn to recognize affective information by synthesizing 

interactive social situations.  
These examples demonstrate the power and possibility of 
involving computer technology in a variety of treatments for 
children with autism or Asperger’s Syndrome. However, our 
work looks at this idea from a slightly different angle. Inspired 
originally by simple clipping and pasting, we designed a 
computer game, called CuttingGame, to serve as a standardized 
test in the assessment of the visual-motor integration abilities of 
children. By making the test a game, we created a playful 
experience that is also a complete system. The game both 
assesses and trains children in visual-motor integration and does 
so in a natural and enjoyable way.  
 

DESIGN REQUIREMENTS 
According to the developmental milestones suggested by the 
National Dissemination Center for Children with Disabilities 
(NICHCY) [7], preschool children learn to control their fine 
muscle movement around the ages of 3-5 years old. We 
designed CuttingGame to be a computer-based activity that 
requires no literacy and mimics the traditional clipping and 
pasting therapy games that occupational therapists use to train 
children with visual-motor integration difficulty. 
On top of a visual-motor integration disability, some children 
with autism have informational process biases that place 
emphasis on visualizing what is termed 'local' in precedence 
over what is considered 'global' information. This makes them 
unable to recognize the parts of a picture as elements of a 
unified whole. We designed our algorithm to support the effect 
of clipping a larger picture into multiple pieces, so children who 
fail to recognize this as a whole entity will end up with 
multiple fragments. We use this effect as feedback to help 
identify children with this disability and assist them in the 
perception of the parts of a picture as a complete entity. 
In order to be successful we identified several important aspects 
of iterative design.  First, as our target users are preschool 
children, they are almost illiterate and know few words other 
than their own name. Obviously, to increase usability, words had 
to be avoided in the user interface. Also, because of their lack of 
experience, it is difficult for children to understand the notion of 
a 3D virtual world, or indeed for them to perform tasks in that 
world. This is especially true for children with a visual-motor 
integration disability. Therefore, we used simple contexts and 
ideas with which children are familiar. Then, for children with a 
visual-motor integration disability, we aimed to design training 
software that enabled extensive training at home without the 
need for a therapist present. Because of this, the procedure for 
setup and the software needed to be as simple as possible. In 
addition, it was our hope that the software would provide not 

 



IDC 2009 – Workshops                                                                                                                                          3-5 June, 2009 – Como, Italy 

 

 13 

only the functionality of training but also a playful experience. 
In short, the game should be fun, should support creativity 
exploration, and have an integrated reward mechanism as an 
incentive for children to participate in repeated training sessions.  
 

GAME DESIGN 
We used Adobe Flash [8] to design CuttingGame, which 
preserves cross-platform characteristics and makes it easy to 
deploy on Internet. The only hardware a target child’s family 
needs to be equipped with is a personal computer or laptop, and 
a pen tablet with stylus. The reason we chose the pen tablet with 
stylus, rather than the mouse and track ball, is that the mouse 
and track ball cannot accurately and steadily control the cursor. 
As the idea is to evaluate the visual-motor integration aptitude of 
children according to their ability to control the cursor, it was 
imperative to use an input device that could more accurately 
reflect fine motor skills. 
Content presented in the CuttingGame is categorized into three 
“books”: figures, objects, and scenes. There are 8 figures in the 
figure book: two boys, two girls, one man, one woman, one old 
man, and one old woman. There are 46 objects in the object 
book including clothes, food, etc.  Scenes have been selected to 
be places familiar for children as such as the kitchen, bedroom, 
backyard, park, or playground.  
Typical game play flow may be: 
• Select a page that contains the figure or object you want. 
• Clip the figure or object from that page. 
• Move the clipping to the drawer. 
• Select the scene you want as the background to your 

artwork. 
• Paste the clipping on the scene. 
• Adjust the clipping’s location and size into the way you 

like. 
• Color the clipping. 

 
Figure 1. Two phases: clipping, then drawing 

Of course it is very important to make sure children are 
compelled to use the training tasks embedded in CuttingGame. 
Unlike clipping, which requires children to follow the border of 
the picture in each page, drawing is a free-style activity. There 
are thousands of ways to fill a region with color. However, if a 
child was able to color a picture without clipping, our game 
would lose some training functionality. To tackle this problem, 
we designed our game as a two-phase activity: first clipping, 
then drawing. (Figure 1) We also add a locking mechanism to 
enforce the rule that children will not be allowed to color the 
picture until they clip it and put it in the scene they have 
selected.  
There are three virtual tools in the game: a pair of scissors, a 
pen, and an eraser. First the scissors are used to clip the picture 
and then the pen and eraser can be employed to color the 

clipping. As mentioned before, because there is no constraint on 
how the figures are colored, we do not grade children’s 
performance based on the result of the color of the drawings. 
However, the act of drawing also requires children to control 
their stylus carefully if they want the paintings to be nicely and 
neatly colored (which is encouraged). By allowing the 
functionality of drawing on both clippings and the scene we can 
assess children further. If they are not as adept at controlling 
their stylus they will invariably color unexpected areas of the 
scene. Then the eraser serves as a tool to compensate for the 
errors children make and clear unwanted “paint” from the scene 
or figure. Controlling the eraser also requires children to use 
their stylus carefully. 
In addition to the tools that mimic those in the real world, we 
provide two other tools to enrich game play: refreshing and 
resizing. By refreshing the content on the page, children get a 
new clean copy that can be used for another session of training. 
The main advantage of resizing is so children can alter their 
experience in another creative way when constructing their 
artwork. 
Accompanying the game is a manual we designed to teach both 
children and parents how to explore all the possibilities of 
CuttingGame. The manual contains descriptions of each button 
and shows completed scenarios with screenshots that 
demonstrate all the functionalities of CuttingGame. When 
children finish the training exercise, CuttingGame stores the 
artwork onto a hard disk as a JPEG file. The ability to admire 
these JPEG files later serves as an incentive for children to 
repeatedly play the game (and therefore continue training). An 
assessor can also observe a pattern of performance through this 
artwork. 
 

EVALUATION SYSTEM 
Based on the ideas of the Southern California Motor Accuracy 
Test-Revised (MAC-R) [9] and the Visual Motor Test of 
Integration (VMI) [10], we designed our evaluation system to 
measure the performance of children when deviating from a 
border during a clipping action. In addition to a locus that 
consists of the coordinates of  clipping, we also record which 
page children cut, the starting time stamp of the game, time 
stamp of each movement, and the ending time stamp of game 
play. Then, based on this information, we built the two major 
components of the evaluation system: CuttingAnalyzer and 
CuttingSimulator. CuttingAnalyzer automatically assesses 
performance based on a record of game play using output 
statistics for professionals. CuttingSimulator is a tool for 
professionals so that they can review a child’s performance by 
simulating the game play process. We even developed the 
electronic version of an automatic evaluation system in order to 
assess performance and avoid human error or wasted time for 
professionals. Most importantly, we believe that our automatic 
evaluation system can cover all of the requirements from 
training to evaluation, giving it the potential to serve as a 
standardized test. 

USER STUDY AND RESULT 
The families of seven children with autism and visual-motor 
integration disabilities were recruited to install CuttingGame in 
their home. Before using CuttingGame training at home, 
children took MAC-R, and VMI as pretests to determine their 
baseline knowledge and preparedness for further training.  Then 
children and parents were given a tutorial of how to play 
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CuttingGame. During the first month children played once a day 
and then were asked to take the two standardized test at the end 
of each week. After the first month of training, children stopped 
playing CuttingGame for a month. When this month of no 
training concluded, a follow-up was conducted to assess whether 
the effect of training was retained.  
Initial analysis shows that 6 of 7 children made progress after 
the training while the other child did not train according to the 
schedule. Results showed that children benefited from the 
process and that the deviation of clipping action from the border 
of pictures decreased gradually. The results of MAC-R and VMI 
are still under analysis, and they will be compared to results 
from CuttingGame to see if our system can serve as a 
standardized test. 
 

Discussion 
Feedback from parents shows that children did not consider 
CuttingGame as training or testing tool, but as a fun game that 
they actively asked to play everyday.  One mother mentioned 
that her son enthusiastically clipped all the pictures during the 
last few days of the training month because he was informed that 
the training would stop for the following month. Also, several 
children repeatedly asked us if they could keep CuttingGame 
after the study. 
As previously stated, we designed the game manual as a 
reference guide for parents and children. During the training, we 
found one child who colored the clothes with a single color the 
first week, but then drew lines and patterns on the clothes of the 
figures the following week. The child told us that he learned to 
color the clothes this way from the examples presented in our 
manual. This was not something we expected to be one of the 
functionalities of the manual and we were gratified by this 
unanticipated benefit.  
 

 
Figure 2. Child’s artwork 

After children took their weekly test, we gave them printouts of 
the artwork (Figure 2) they had created the previous week. 
These made them extremely excited about their work. We found 
that these printouts not only served as incentives for them to 
play again, but also created a chance for each child to view the 
artwork of the others and then to discuss the story behind his or 
her creation. This gave the children a chance to interact, to 
share, and to consider (or re-consider) their own style and 
technique of painting. The artwork also became a platform for 
each family to relate experiences specific to their life, such as 
events from work, school, or in the home. We consider this 
opportunity to enhance the relationships inside the family unit to 
be the most valuable extra benefit of CuttingGame.  
Ultimately, however, there are still some difficulties to the 
process. One issue is that the stylus is not really a pair of 
scissors. Although both require specific types of coordination, 
the way the muscles work are different for each.  This makes the 

similarity of the training effect questionable. Also, in a typical 
clipping and pasting activity the location and orientation of 
papers are adjustable. On the other hand, the simulated pen 
tablet is relatively fixed on the table. This alters the experience 
somewhat and may be another factor that makes assessment 
difficult.  Another difference to consider is that children playing 
CuttingGame have to look at a screen rather than at paper in 
their hand. The virtual nature of the activity might add a level of 
complexity. Then, when it comes to investigating results, the 
information that CuttingGame records is inherently less detailed 
than the information that comes from professionals observing 
children playing clipping and pasting games. This decreases an 
ability to assess their disability purely through the game. There 
was also the question of uniform progress. We discovered that 
one of the children always selected the figures that were easier 
to clip which lowered the effectiveness of the training as an 
enhancement tool. To combat this, we have considered 
incorporating the idea of a difficulty control in the game that 
will arrange and present the figures according to a child’s 
progress.  

 
Figure 3. Child ignored the figure on the page 

Also, though the contents of CuttingGame are fixed, one child 
ignored the figure on the page. In this trial, the child treated it as 
a blank sheet and clipped out a piece that looked like a ship. He 
also ignored the scene and drew seascape on top of that scene. 
He then pasted the ship on the seascape to form his artwork, 
(Figure 3) ignoring the picture under his drawing. To solve this 
problem, we may simply add a white page to both the figure and 
scene books. Though that will have the effect of making an 
assessment between children more troublesome because they 
may clip an arbitrarily drawn figure, and the difficulty level of 
these will not be easily comparable. This creates a new 
challenge for us to balance when considering our CuttingGame 
as both a game and training tool. 
 

CONCLUSION AND FUTURE WORK 
 In this study, we showed that it is possible to develop a 
computer game as both a training and testing tool.  It covers all 
the functionalities needed (training, recording, and evaluating) to 
assess a child’s visual-motor integration ability. The addition of 
designing the tool as a game, made the process of training and 
testing fun for the participants. Simplicity of deployment will 
further increase training progress by making extensive training 
possible without the presence of a professional. Inspired by the 
idea of Southern California Motor Accuracy Test-Revised 
(MAC-R) [9] and the Visual Motor Test of Integration (VMI) 
[10], the ultimate goal of CuttingGame is to serve as a 
standardized test. If standardized, it will become acceptable as 
an assessment tool and more children will gain from playing it.  
Future studies may include large-scale research that recruits 
more participants to see if the game is useful for all kinds of 
children. Based on input from parents and children, we may also 
adopt the idea of difficulty control to better train/access 
children’s visual-motor integration ability. We would also like to 
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compare the results of the two current standardized tests to that 
of our game to get a better understanding of how our game 
compares as an electronic version of these assessments. 
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STATEMENT 
Inclusion of children with special educational needs (SEN) in 
mainstream schools is on most countries’ education agendas. 
However, effective inclusion means not only placing these 
children in regular classes, but also integrating them with their 
peers and helping them achieve. New pedagogies and tools are 
needed to reshape the structure of classroom activities, where 
collaborative learning is instrumental for inclusion. 
Tangible interfaces are compatible with socio-constructivist 
theories of learning and bring together the advantages of physical 
manipulation of concrete representations with innovative ways of 
interaction. The integration of multiple senses increases the 
chances of participation and comprehension of SEN children. 
Tangibles also offer new opportunities for collaboration in 
digitally augmented spaces, due to the facility for multiple 
simultaneous input and sharing of physical resources. 
Research on tangibles for children with special needs has focused 
on improving access of the physically impaired, but little is 
known about their effect for the intellectually impaired, in terms 
of promoting effective inclusion. Key research questions include: 
(a) how might tangibles support the participation of SEN children, 
and collaboration among themselves and their peers?; and (b) how 
can tangibles aid knowledge construction in children with SEN? 

Keywords 
Tangibles, SEN, children, inclusion, collaboration 
 
INTRODUCTION 
Personal computers have been used in schools since the 80's, but 
their traditional shape diminishes the chances of interaction. By 
embedding computing power in physical objects, tangible 
interfaces mix physical and digital worlds and augment 
physicality and manipulation with dynamic interaction [7]. By 
providing greater representational power and innovative ways of 
interacting, tangibles may enrich the learning experience [18, 20].  
Concreteness makes tangible interfaces compatible with socio-
constructivist theories of learning [12, 14], according to which 
concrete representations help reasoning, provide hands-on 
problem solving, and are usually engaging, easy to remember, and 
connected to real-world situations. In particular, concreteness is 
fundamental for children with special educational needs [23]. 
With tangible interfaces, children can build knowledge through 
multiple senses, including touch, vision and hearing. This 
integration of senses and use of different physical properties (e.g. 
mass, texture, malleability) may help to engage children in 
reflection, creation and imagination.  

Throughout the last three decades, most countries have developed 
policies towards inclusion in education [11], which specify that 
children with special educational needs should take part in 
mainstream lessons and work with peer groups to develop their 
social and collaborative skills [6]. The inclusion movement is 
compatible with Vygotsky's theory, according to which learning is 
a social process with roots in social interaction [27]. Tangible 
interfaces offer new opportunities for collaboration in digitally 
augmented spaces, particularly due to the facility for multiple 
simultaneous input, and the sharing of physical resources. 
This research aims to investigate how tangibles can facilitate 
collaborative learning processes and therefore help to promote 
effective inclusion of SEN children. 

SPECIAL EDUCATIONAL NEEDS  
Children with special educational needs (or learning disabilities, 
intellectual impairment [8] or additional needs [11]), have a 
significantly greater difficulty in learning than the majority of 
children of the same age, finding it difficult to cope with everyday 
life, function independently in society and communicate with 
other people [8].  
Learning disabilities may have many different causes, which can 
be related to home environment (child poverty, poor childcare, 
social and economical deprivation, family circumstances); school 
environment (inappropriate grouping of pupils, inflexible teaching 
styles, inaccessible curriculum materials) or individual 
characteristics (children’s physical, sensory, or cognitive 
impairments and emotional and mental health needs) [3, 6]. 
Learning disabilities are often categorised as mild, moderate or 
severe / profound and may be accompanied by challenging 
behaviour, sight or hearing difficulties, autism, mental illness or 
many additional health problems [8]. Individual children may 
have more than one type of need and for a significant majority of 
special needs there are no medical tests and their underlying 
causes remain ill-defined [3].  
In January 2008, there were 223,600 (or 2.8% of) pupils across all 
schools in England with statements of SEN and 1,390,700 
(17.2%) pupils with SEN without statements [5]. 56.6% of pupils 
with statements of SEN were placed in mainstream schools [5]. 

Inclusion 
Many countries have opted for an inclusive approach to education 
[11], meaning that children with SEN should be educated in 
regular classes of mainstream schools, as stated by the Salamanca 
World Statement on Special Needs Education [1]: “providing 
education for children, youth and adults with special educational 
needs within the regular education system” (p.8, Paragraph 1). In 
the UK, the government has been trying to make education more 
innovative and responsive to diverse needs of individual children 
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since the 1970’s, when the Warnock report introduced the idea of 
special educational needs and inclusive education [6]. 
Including children with special needs means not only educating 
them in a mainstream school, but also integrating them with their 
peers in the curriculum and helping them achieve and participate 
fully in school life [6]. The reality of inclusion, however, does not 
always match such expected quality of experience [6]. Schools 
have been struggling to be more inclusive while still keeping or 
raising standards of attainment [3].  
No matter how committed a government may be to inclusion, it is 
the day-to-day experiences of children in the classroom that 
define the quality of their participation in the learning experiences 
provided by a school [11].  

TANGIBLES FOR LEARNING 
In official policy documents and strategies, little is said about the 
role of technology for promoting effective inclusion of children 
with SEN. The Removing Barriers to Achievement strategy [6] 
encourages the use of Information and Communication 
Technology (ICT) to improve access to education for children 
with SEN and provide self-paced exercises to suit the differing 
needs of individual learners,  making them more independent and 
building self-esteem. The strategy also proposes training teachers 
on how ICT can be used effectively in the classroom to support 
children with different types of SEN. 
Tangible interfaces offer a wide range of possibilities beyond 
traditional uses of ICT which may help in setting suitable learning 
challenges, responding to diverse needs and overcoming potential 
barriers to learning and assessment for individuals and groups of 
pupils, as suggested by the National Curriculum Inclusion 
Statement [19]. 
Several tangible interfaces for learning have been developed 
recently, following different approaches. Tangibles can be totally 
independent of personal computers, with input and output 
occurring in the same device. In this case, technology is 
‘embedded’ in physical objects themselves, also known as ‘digital 
manipulatives’ [20], and include, among others: SystemBlocks and 
Flowblocks [20] (sets of blocks designed to explore concepts of 
systems dynamics); and Electronic Blocks [28] (set of tangible 
programming elements).  
Tangibles can also be combined with personal computers, 
functioning as input devices. In these cases, the input takes place 
through a physical object, but the output is shown on the graphical 
interface of a computer. Examples of such a ‘discrete’ approach 
[18], in which input and output are separate in space, include: 
SmartStep and FloorMath [22] (multimedia applications intended 
to help children learn and practice basic mathematics skills); 
Chromarium [9] (dealing with colour mixing through concrete 
blocks); and Tangible Interface for Collaborative Learning 
Environments - TICLE [21] (platform that uses computer vision 
techniques to connect concrete mathematical games to 
representations in a computer screen).  
In other environments system feedback occurs in the same space 
where the concrete objects are being manipulated (i.e., input and 
output are co-located [18]). Examples in this category include Urp 
[26] (urban planning using an interactive table) and reacTable 
[10] (musical composition using blocks on an interactive surface).  
With tangibles, interaction centres around physical action and 
manipulation of multiple objects offering opportunities to build on 
everyday interaction and experience with the world, and 

opportunities for expression and communication through action. 
Participants demonstrate high levels of physical activity, 
suggesting that physical devices allow reticent users to contribute 
to the activity in other forms, rather than only verbally [16]. 

Tangibles and special needs 
Most research on tangibles for children with special needs has 
focused on improving access and participation of the physically 
impaired, by taking advantage of multi-sensorial properties. The 
Tangible PathFinder [23] helps the visually impaired to gain 
knowledge about the world through tactile and auditory feedback; 
and the Blind Audio Tactile Mapping System [13], aims to help 
students with visual impairments access and explore spatial 
information. 
Some research also investigates how interactive surfaces may help 
adolescents with Asperger’s Syndrome to practice group work 
skills, increasing collaboration and decreasing competition [15]. 
Although Piper et al.’s [15] work relates to this research as far as 
collaboration and special needs are concerned, it does not look at 
tangible technologies. In fact, little is known about the effect of 
tangible technologies for the intellectually impaired, particularly 
in terms of promoting effective inclusion.   
As the inclusion movement gains force worldwide, classroom 
activities must be reshaped to suit diverse needs, and new 
technologies like tangibles may be instrumental in this process. 
Successful inclusion of children with special educational needs 
and their participation in lessons and in the life of the school 
depends to a large extent on other children [11]. Children are 
generally supportive and accepting, tending to assume a 
pedagogic role and take responsibility for the academic and social 
experiences of SEN pupils [2], although warm friendships are not 
frequently reported [11]. By encouraging collective interaction, 
shared interactive surfaces are useful for those who have difficulty 
to work effectively as a group [15]. Having tangibles linked to a 
shared surface creates a highly collaborative environment [16, 24] 
in which children tend to assume tutoring roles to help each other 
out [24].  

Preliminary Investigation  
Four teachers from a special school in Recife (Brazil), 
experienced in teaching classes with mixed types of needs (mostly 
moderate and severe learning difficulties) were interviewed. 
Interviews were unstructured and teachers were given the 
opportunity to talk about their experience, regarding class 
management to include the different needs of the students, their 
characteristics, inclusion in regular classes, and the use of 
concrete objects and technology. The key themes that emerged 
include: 

Physical Objects  
All teachers were very enthusiastic about concrete objects and 
unanimously classified them as fundamental for students with 
learning difficulties, mainly for simulating real-life situations and 
linking abstract concepts to activities of pupils’ everyday lives. 
Dealing only with abstract representations was reported to be 
much more difficult for children with special needs and concrete 
materials allow for better results. 
The sensory aspect was also highlighted, through the use of scrap 
materials, different textures and sizes. One of the teachers 
declared: “it is important for them to touch things, experience 
them. We can take advantage of the abilities of each student”. 
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Technologies 
The teachers made use of computers during their classes, and saw 
it as a rich and fundamental tool, very much appreciated by SEN 
pupils. One teacher reported that: “using the computer is 
excellent, one of the best tools to stimulate these students”. 
Computers were also said to help special needs pupils with 
communication, language and literacy, spatial notions (as with the 
keyboard’s arrows to move on the screen), logical reasoning, 
attention, and perception. 
Like in the case of concrete materials, the possibility of 
stimulating different senses also through technology was cited has 
a great advantage for SEN pupils. 

Inclusion and collaboration 
Children with moderate learning difficulties were said to be prone 
to social interaction, and teachers saw inclusion in regular classes 
as an opportunity for them to socialize more, although prejudice 
and bullying are issues that must be taken into account. Children 
in regular classes must be prepared to receive SEN pupils and 
help them out. SEN children need to believe in themselves as 
capable of achieving, and have their potential acknowledged by 
peers and school staff. They need stimulus and challenge rather 
than over-protection. 

Future Work  
These findings confirm previous literature on the importance of 
the concrete and the advantages of technology for children with 
special needs.  
There is a wealth of research surrounding SEN children and 
strategies for raising their achievement. However, there is a lack 
of evidence about the learning of SEN pupils at secondary level, 
as much of the research is mainly based on the learning of 
younger pupils [6]. This research aims to investigate the role of 
tangible interfaces in promoting effective inclusion of children 
with special educational needs in the early years of secondary 
school. 
Primary schools are found to be more inclusive than secondary 
schools, which may reflect the more formal organisation of 
secondary education [3]. At the end of the first year of secondary 
school, around a third of pupils perform worse in tests than they 
did a year earlier [4]. At 14 – 16 years, many SEN young people 
become seriously disengaged with learning and leave school with 
few or no qualifications [6]. 
To analyse the effect of tangible environments for SEN children’s 
conceptual inferences, participation and collaboration with their 
peers, qualitative research will be undertaken, comprised of: 
- Observations in classrooms to elicit and understand general 
issues around having SEN children included in regular classes. 
- Semi-structured interviews with teachers to elicit more specific 
difficulties related to teaching SEN children, especially children’s 
inclusion in the classroom activities, use of concrete artefacts and 
use of technological resources. This will provide a better 
understanding of the context and the needs of SEN children and 
teachers in the learning process, as well as the resources currently 
used for these children in the classrooms.  
- Intervention studies with children with special educational 
needs: these sessions will consist of groups of children (of which 
one will have special needs) interacting with a tangible 
environment in an exploratory manner, with the guidance of the 
researcher. Aspects of participation, collaboration, peer inclusion 
and knowledge construction will be investigated. Evaluation will 

be done continuously through informal conversation with the 
children about the concepts involved in the task. Participants will 
also be asked for their opinion on the interface they used. This 
will inform design and help to evaluate the interface. 

CONCLUSIONS  
Physicality and action, diverse representational media, 
collaborative use, and intuitive interaction are all characteristics of 
tangible technologies from which children with special 
educational needs seem to have a lot to benefit. 
As the years go by, governments and policy makers in education 
worldwide become increasingly committed to the inclusion 
agenda, and new pedagogies and tools are needed to help 
reshaping the structure of classroom activities and contemplate a 
broad range of diverse needs. Collaborative learning and peer 
tutoring have been a feature of most schools [11] and an 
inclusionary approach implies an adaptive and supportive regular 
classroom environment with collaborative activities [17]. 
This research proposes to investigate the effect of tangibles on the 
participation of pupils with special educational needs and 
collaboration among them and their peers, as well as the effect on 
knowledge construction. Outcomes may inform theory on the 
connection between tangibles and peer collaboration, with a 
specific focus on SEN children. 
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ABSTRACT 
The work described in this paper is part of the IROMEC project3 
(Interactive Robotic Social Mediators as Companions). The 
project recognizes the important role of play in child development 
and targets children who are prevented from or inhibited in 
playing, either due to cognitive, developmental, or physical 
impairments. One of the research questions that guides this project 
is whether a single robotic toy can be used as a social mediator for 
children with different special needs, helping them to meet a 
variety of therapeutic and educational objectives in different 
developmental areas. The IROMEC project addresses children 
with autism, mild retardation and severe motor impairment, while 
this paper specifically focuses on children with autism. An 
example of one of IROMEC’s play scenarios implemented in user 
trials with children with autism is described in the paper, using the 
IROMEC robot prototype. This example considers objectives in 
different developmental areas relevant to these children. 

Keywords 
Assistive Technology, Human-Robot Interaction, Autism Therapy 

INTRODUCTION 
Play is a decisive vehicle through which children learn about 
themselves, the environment, and develop social skills. However, 
for many children with cognitive, developmental, or physical 
impairments, play is often limited. Robotic technology might be 
used to enable these children to play, thereby encouraging their 
development of social interaction skills. 
In recent years an increasing number of researchers have shown 
the potential use of robots as tools to support the development of 
different skills in children with special needs. The AuRoRa 
project [16] reported how mobile robots and humanoid robots can 
be used to mediate interactions between children with autism and 
peers and adults [3,9-10]. Other robots too, have been used by 
various researchers to engage autistic children in playful 
interactions, e.g. artificial pets such as the baby seal Paro and the 
teddy bear Huggable [7,14], and the small creature-like Keepon 
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[5] to mention just a few. These different robots focus on different 
areas of children’s development. Detailed descriptions and 
comparisons of them and their effects on children with autism go 
beyond the scope of this paper. 
One of the research questions that guided the IROMEC project is 
whether a single robotic toy can be used as a social mediator for 
children with different special needs, helping them to meet a 
variety of therapeutic and educational objectives in different 
developmental areas.  
The IROMEC project [17], recognizing the important role of play 
in child development, has designed a robotic platform and play 
scenarios that together provide children with special needs 
opportunities for learning and enjoyment, encouraging them to 
discover a range of play styles, from solitary to cooperative play. 
The play scenarios have been developed against specific 
educational and therapeutic objectives covering five different 
developmental areas (sensory development, communica-tional 
and interaction, motor development, cognitive development, and 
social and emotional development) [4].  
This paper specifically targets children with autism and presents 
the implementation of one of the play scenarios during user trials 
with these children using the IROMEC robot prototype. 

AUTISM 
The autism spectrum is a pervasive developmental disorder 
that begins in early childhood and persists throughout 
adulthood [1]. The spectrum ranges from low functioning 
autism to normal to high functioning autism. Autistic 
children experience, to a greater or lesser degree, 
impairments in the areas of social communication 
(language impairment across verbal and non-verbal 
communication), social interaction (e.g. difficulties with 
social relationships, little and inappropriate eye contact), 
and imagination (resistance to change, tendencies toward 
repetitive behavior patterns, lack of creative play) [1]. 
Children with autism sometimes have accompanying 
learning disabilities, unpredictable and disruptive 
behaviors, and difficulties in physical co-ordination.  
Research suggests that children with autism are attracted to 
robots [9] and that robots can provide them with safe, 
predictable and reliable environments in which they can 
interact. Therefore, a robot that could help these children to 
play with others and at the same time to acquire new skills 
in different developmental areas would be appreciated by 
teachers and parents as well as enriching for the children. 
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The IROMEC ROBOT and PLAY 
SCENARIOS 
The development process of the IROMEC robot is based on a 
user-centred perspective and follows Universal Design principles, 
in order to develop features that make the robot usable by a 
broader range of children with special needs. Professionals from 
different special education schools, teachers, therapists (e.g. 
psychotherapists, speech therapists, play therapists, 
physiotherapists, occupational therapists), as well as parents and 
family members informed the design process since the beginning 
of the project [12, 17]. The IROMEC robot has been developed to 
address the needs of three user groups: children with autism, 
children with mild mental retardation and children with severe 
motor impairments. Ten IROMEC play scenarios have been 
developed against specific educational and therapeutic objectives 
covering five different developmental areas [4]. 
When used in interaction with children with autism, the IROMEC 
robot can be used as a toy to engage these children in simple 
interactive games with the aim of encouraging the development of 
communication, motor, cognitive, sensory and social interaction 
skills towards joyful experiences in interactive play. It provides 
the children with new opportunities for playing and learning in 
addition to supporting the enhancement of their potential. The 
play scenarios have been developed considering children’s 
specific strengths and needs, with a particular emphasis on the 
role of the robot as a social mediator, encouraging the interaction 
between children, without reinforcing stereotypical behaviour. 
The IROMEC robot is not intended to replace teachers, caretakers 
or people in general. Users of the IROMEC robot are not only 
children, but also their teachers or parents. These adults have an 
active role in the play activities, not only by selecting and setting 
up the most appropriate play scenarios to help the children to meet 
different objectives, but also by being actively engaged with the 
child in the play activity. 
A specific characteristic of the IROMEC robot is that it can be 
adapted to various play scenarios by being modular in terms of 
software (for activation of different behaviors) and hardware (by 
attaching different interaction modules). 
The IROMEC robot has two different configuration possibilities: 
horizontal and vertical. In the horizontal configuration the 
interaction module is attached to the mobile platform in order to 
support a complete set of activities which require a greater degree 
of mobility of the robot. In the vertical configuration the 
interaction module is stationary, connected to a dedicated docking 
station to provide both stability and recharging. For detailed 
description of the IROMEC robot’s features see [6]. 
The robot allows the use of different inputs (e.g. direct operation 
on touch screen, buttons, remotely controlled switches, etc.) 
which can be changed according to children’s abilities. 
Additionally, the robot’s feedback can be personalized according 
to the preferences of the children and therapists. In order to satisfy 
the needs of children with autism, who generally have difficulties 
with facial details and understanding of facial expressions, the 
robot is also equipped with a simple mask that covers the small 
face screen.  
The IROMEC robot can guide the child through different play 
types, engaging him/her in turn taking activities, action and 
coordination games, and imitative interaction games. For detailed 
description of play types and the developmental process of the 
IROMEC play scenarios see [11].  

AN IMPLEMENTATION EXAMPLE of the 
IROMEC PLAY SCENARIO “MAKE IT 
MOVE” 
The scenario “Make it move” is an exercise play with simple rules 
which uses the IROMEC robot in the horizontal configuration 
(see fig. 1). The players are a child with autism (low functioning 
side of the spectrum), and one or more persons (a teacher, a 
parent, a peer and/or the investigator). The game is played in a 
quiet room with a large amount of empty space in order to allow 
the players and the robot to move about freely. Moreover, as it is 
important that the child plays in a naturalistic and familiar 
environment, a classroom has been chosen as a setting for 
interacting with the robot.  
The scenario consists of a simple game where the players control 
the movements of the robot around the room by clapping or using 
speech sounds4. The rules of the game are simple: a single clap 
causes the robot to stop, two claps cause the robot to move 
forward, and three claps make it turn 180 degrees. This game can 
be played with one or more players. When several players are 
playing together, it becomes a turn-taking activity where the 
players control in turns the different movements of the robot. 

Scenario’s objectives 
For each of the IROMEC’s scenarios, a list of therapeutic and 
educational objectives has been developed, according to the ICF-
CY classification [15] (International Classification of 
Functioning, Disability and Health for Children and Youth), 
working in a closed loop with both therapists and teachers. In the 
scenario “Make it move”, the educational and therapeutic 
objectives that can be met during the interaction with the 
IROMEC robot are related to the areas of: 
• communication and interaction, such as basic interpersonal 

interaction skills; 
• sensory development, such as visual and visuo-spatial 

perception; 
• motor development, such as coordination and control of 

voluntary movement; 
• cognitive development, such as attention skills, 

understanding of cause and effect, and the ability to understand 
and apply play rules; 

• social development, such as engagement in cooperative play. 
These aspects are generally impaired in children with autism and 
deserve special attention during their education. 

User trials 
User trials took place in several special education schools in 
Hertfordshire (UK). Six  low  functioning  children with  autism 
played with the IROMEC robot prototype. 
At this early stage of user trials, in some of the play activities 
(including ‘Make it move’ play scenario presented here), the robot 
prototype was remotely controlled by the investigator via an Ultra 
Mobile PC (UMPC) in a Wizard of Oz mode. The Wizard-of-Oz 
technique, as a rapid prototyping method, is a widely used 
                                                                 
4 Speech sound is an individual sound unit of speech without concern 

as to whether or not it is a phoneme of some language. As a result 
neither vocal articulation (from the children) nor voice recognition 
(for the robot) are aspects of that play scenario’s variation.  
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evaluation technique in Human-Computer Interaction and, more 
recently, Human-Robot Interaction research e.g. [2, 8]. It involves 
a human who is (unknown to the test subjects) controlling the 
behavior of the system, ranging from full tele-operation to partial 
control of ‘higher level’ decision making processes, e.g. [13] (see 
fig. 1, left).  
The play activity with the IROMEC robot enabled the children to 
express basic interpersonal interaction skills, such as turn taking, 
taking initiative, gaze shift, eye contact and response to others.  
In the “Make it move” play scenario illustrated in this paper, the 
robot’s movements are controlled by clapping. Learning to clap 
requires control and coordination of bilateral movements, which 
may not be a trivial task for some children with autism (motor 
development area).  
The interaction with a mobile robot could also help children in 
their performance of perceiving distances between and among 
objects (spatial perception - sensory development area). In this 
play scenario, the user interface was designed in a way that might 
also help the children associating visual sign with their meaning 
(fig. 1, right). 

       
Fig. 1. Example from trails that shows the wizard controlling the robot via 
a UMPC (left) and the visual interface displayed on the body screen of the 
robot (right) 
 

The play activity with the robot can be used to improve children’s 
understanding of simple cause and effect connections (e.g. one 
clap causes the robot to stop its movement). As shown in figures 2 
and 3, Child A is first learning and practicing, and then enjoying 
his success. Similarly, Child B is first learning and practicing with 
his teacher and then enjoying playing with the experimenter (fig 4 
and 5). The training time varied according to child’s abilities. 

 
Fig.2. Child A learning from experimenter (left), practicing together with 

teacher and experimenter (right) 
 

 

Fig. 3. Child A enjoy the success (get the ‘thumb up’ from his teacher) 
 

 
Fig. 4. Child B learning (left) and practicing (right) with the teacher  

 
Fig. 5. Child B playing together with the experimenter 

 

In these trials, the IROMEC robot has also been used as an object 
of joint attention between the players. Joint attention is the joint 
action of two or more individuals looking at the same target by 
means of gaze and/or pointing (see figure 6). This made it 
possible to encourage pro-active social behaviours and interaction 
between the players, eliciting shared cooperative play (social 
developmental area), teaching the children the basic elements of 
turn-taking games, and stimulating their ability to understand and 
apply play rules (cognitive developmental area). 

 
Fig. 6. A group of children engaged in the turn taking game 

 

DISCUSSION 
The trials revealed that children with autism were engaged in the 
game, were attracted by the robot’s movements, and enjoyed 
interacting with it and with other adults present. 
The IROMEC robot can be used as a toy to encourage and 
facilitate children with autism to interact with other people (peers 
and adults), acting therefore as a robotic social mediator.  
The children were able to explore the concept of cause and effect, 
as well as learn and play a game with very simple rules. This also 
caused some of the children to not only follow their teacher’s 
instructions but also to take some initiative in the game. 
The high degree of the robot’s modularity gives teachers, 
therapists or parents the freedom to adapt the robot to the different 
needs of the children. In addition, the IROMEC robot has been 
developed against specific objectives in different developmental 
areas (sensory, communicational and interaction, motor, cognitive 
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and social and emotional), as well as taking into consideration the 
children’s specific strength and needs. 
Despite that, the trials also showed that depending on the 
children’s individual cognitive developmental levels, they might 
become bored by the robot’s simple behavior. For that reason, in 
future development of the IROMEC robot, the robot will express 
more complex behaviors in the simple play scenarios, and adjust 
itself over time by gradually increasing the complexity of the 
specific scenario played.   
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ABSTRACT 
The aim of this paper is the description of  a methodological 
framework, developed within  the European IROMEC project 
(Interactive RObotic MEdiators as Companions, IST-FP6-
045356), which is intended to be used as a tool to set up 
educational and therapy play sessions,  addressed to children with 
disability, making use of robotic technologies. 
The design of the methodological framework provides for two 
possible application. 
At a first stage, this tool it will be administered in order to set up 
play sessions with the IRMEC robot, considering the needs of 
children with different disabilities (children with severe motor 
impairments,  children and  with mild mental retardation and 
children with autism).  
At a second stage, the methodological framework, in its  validated 
version, will be implemented in order to allow professionals to 
introduce different robotic systems for play in the contexts of 
therapy and education, matching the children’s specific needs  
with the existing technologies.  
The application of the International Classification of Functioning, 
Disability and Health, Children and Youth  version (ICF-CY) for  
the identification of individual, personal and environmental  
factors involved in robot mediated play has been the starting point 
to investigate  how robotic toys can provide opportunities for 
learning and enjoyment and if there is a matching between 
children’s needs and functions and the play activity proposed and 
the robotic toy used.  

Keywords 
Robotics, rehabilitation, ICF-CY, play.  
 

INTRODUCTION 
In therapy and educational contexts professionals can use many 
different methods, approaches and tools. With their expertise and 
their background they have to decide how and when use a specific 
tool and more complex is the tool, more complex is the process of 
selection and implementation. This is the case of a robotic toy 
with many functionalities and many configurable options as 
IROMEC is supposed to be if it has to meet many different needs 
of very different special children.  
The IROMEC Methodological framework aims to support 
clinicians and teachers approaching the use of the IROMEC robot 
or other robots with children with disabilities by answering to 
some of the following questions: 
• Which objectives should be reached with this particular 

child? 
• With which activity? 

• Which robot features are needed? 
• How should the robot be used? (setting, time ...) 
• Which role should the robot fulfill in the play activity? 
• How should the assessment be done before and after the 

play-based intervention? 
• Is the robot the best choice to reach the goals from an 

inclusion perspective? 
To be able to answer to all these questions a top-down procedure, 
composed by five simple steps, has been developed. 

The International Classification of Functioning, Disability 
and Health – Children and Youth (2007), which has already 
be applied in the users’ needs evaluation process as regards 
Assistive Technology (Scherer 2002, 2009) and which 
directly addresses specific issues related to childhood play 
as well as to technology,  has been chosen as a theoretical 
background and as a practical tool for the framework 
development .  
 
STEP1. ANALYSIS OF INDIVIDUAL 
CRITICAL FACTORS 
In the usual clinical practice as well as in the research field, a deep 
knowledge of the child is the starting point to set up a 
rehabilitation/educative intervention. Due to the adoption of ICF-
CY as  theoretical  basis of the whole research,  the description of 
the individual factors considered different domains (body 
functions,  activities and  participation) which have  to be 
analyzed and measured  by the mean of severity  qualifiers  (from 
0 – no limitation – to 4 – total limitation).  
This step also includes the identification of strengths - factors that, 
not presenting any limitation, could be a good resource  for the set  
up  of  rehabilitative or educational play programs -  in the body 
functions and  activities and participation domains.  

 
STEP2. ANALYSIS OF CRITICAL 
FACTORS RELATED TO CONTEXT  
According to the social model proposed by the ICF-CY, 
each child – as well as each individual – is totally 
immersed in his/her life context and his/her level of activity 
and participation is influenced not only by the individual 
functioning, but also by environmental and personal factors 
such as gender, age, social attitudes, products and 
technology.  
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The second step of the methodological frameworks aims to assess 
environmental and personal factors and their negative or positive 
effect on child’s play activities by analysing facilitators (e.g. 
positive attitudes towards disability, awareness about Assistive 
Technologies) and barriers (e.g. lack of social interactions, poor 
technological competences of teachers and therapists) experienced 
by the child in his/her daily life contexts. 
  

STEP 3 – DEFINITION OF OBJECTIVES 
Having previously evidenced factors related to the individual, 
evaluating the functional impairments and their degree of severity 
as well as the limitations in daily life activities and restrictions in 
social participation, is now possible for the clinicians and the 
educators to select the most important objectives of the 
intervention. 
These objectives will be freely chosen by the professionals 
involved, on the basis of their own experience, competence and 
knowledge of the child. 
The priority should be given to some goals as they can be 
reasonably reached with a mid-term intervention, or because they 
are important for the child’s autonomy and overall quality of life 
or even because they can be useful for inclusion in social 
activities. 
For each one of the selected objectives, professionals should 
define the specific  evaluation methods that can be used to 
measure outcomes of the play intervention. 
At this stage, in the methodological framework are taken into 
account not only the areas which need improvement but also the 
child’s strengths, which can be a good resource as a starting point 
for the set up of a rehabilitative or educational programs. To 
explain this approach an example can be useful. If a child with a 
diagnosis of autism has also limitations in the sustaining attention 
functions – due to difficulties in concentrating for the length of 
time required completing a particular task – it is possible to 
establish the educational objective “increasing the attention time 
length”, by taking advantage of his/her great interest to computer 
and high technology devices (strength).  

STEP 4 – DEFINITION OF PLAY 
SCENARIOS 
Considering the factors related to the child and to his/her context 
and the related therapeutic or educational objectives, professionals 
need to define the play activity. Play activities are selected 
considering as critical factors the play functions, the play styles 
and the play types. 
Play functions are related to the possible role of play in the child 
development (to foster cognitive, social, communication 
emotional or motor development, to improve playfulness and 
quality of life). Play types define different hierarchical types of 
child play, classified, following the ESAR system (Garon et al. 
1996), in Exercise Play, Symbolic Play, Assembling Play and 
Play with Rule.  
The type of play to be choose for the intervention can be defined 
on the basis of what the child is able to do, considering both the 
play skills limitations and the child’s strengths. 
Finally is necessary to identify the play style (classified,  
according to the ICF-CY as   Solitary, Onlooker, Parallel, and 
Shared Cooperative) to be fostered by the play intervention.  
In the specific context of the IROMEC project, different play 
activities (e.g. cause and effect games, imitation games, pretence 

play) have been described by the mean of narrative descriptions  
(play scenarios), illustrating the main factors related to the play 
task and to the play setting (target group, play type, play style, 
role of adult, presence of peers and  technology applied, possible 
goals).    
Individual and context factors, together with the objectives 
previously identified determine the choice between the available 
play scenarios.  
To supply a practical example of this step it could be supposed 
that a child with a diagnosis of mental retardation is also affected 
by limitation of mental functions of language. The main objective 
chosen by the therapist could be the improvement of his/her 
competence in producing complex sentences (cognitive function 
of play). A scenario based on developing a symbolic play activity 
(type of play) with a robot representing a pet, in cooperation with 
peers (style of play) could be implemented. In this case there are 
three play mediators: the robot, the peers as a source of stimulus 
and communicative interaction, and the adult(s) as scaffolder.  

 
STEP 5 – DEFINITION OF ROBOT 
FEATURES 
After the definition of the play activity into the form of play 
scenarios, the next step is to define the technology needed for its 
implementation, selecting the robot’s features or choosing for a 
pre-defined shortlist the robotic system which better matches with 
the child’s needs and with the therapeutic or educational 
objectives previously singled out.  
In the IROMEC project several features of the robots have been 
already defined by the scenarios themselves; other features are 
related to the type of interaction that the child with disability is 
able to manage and, for each particular scenario, should be 
defined on the basis of individual factors. 
In its last version, the framework will include the having to 
choose for several robotic systems,  
This step should allow to select the most suitable configuration of 
the robotic system adopted. Robotic toy among a possible set of 
available technologies or the “most appropriate” configuration of 
the same robot, as it could happen in the case of the IROMEC 
robot. 

Future work – within the IROMEC project – will develop a list of 
these possible features and show their appropriate links both with 
the child’s individual functions and the play scenarios.  

 
FIRST APPLICATION OF THE 
METHODOLOGICAL  FRAMEWORK  
As reported above, the methodological framework in its first 
version has been developed into a specific form 
The MF-Form has been intended to be easily and quickly filled in 
by the consortium researchers involved in the experimental trials 
with the IROMEC robot. 
One of its primary scopes is to match technical and psycho-
pedagogical issues with clinical challenges and demands: to this 
purpose, a strict connection with the items of the WHO’s 
International Classification of Functioning – Children and Youth 
(ICF-CY) has been established. 
The form consists of 7 steps for which detailed instruction have 
been provided: 



IDC 2009 – Workshops                                                                                                                                          3-5 June, 2009 – Como, Italy 

 

 26 

• step 0 is intended as a first phase where general data are 
collected; 

• steps from 1 to 5 correspond to the steps of the process 
previously described 

o step 1 - Analysis of Individual Critical Factors 
o step 2 - Analysis of Critical Factors related to 

Context 
o step 3 - Selection of possible Objectives 
o Step 4 - Definition of  Play Scenarios  
o Step 5 - Definition of Robot Features  

step 6 offers professionals the opportunity to record information 
about each single play session (probably to be redefined on the 
basis of WP6 needs and results). 
 

RESULTS FROM FIRST TRIALS 
During the development of IROMEC methodology the first 
prototype of IROMEC robots has been supplied by the technical 
partners for a first cycle of trials. These trials were intended to 
evaluate technical implementation (does the prototype works in a 
real setting without the support of technicians? How does it works 
with unexpected behaviors of children? Does the Graphical User 
Interface correctly “work”?) and usability aspects (do the children 
have fun? Is the interaction between user and robot as expected?). 
Trails have been then organized trying to collect as many 
information as possible about these aspects and as many children 
as possible have been involved in them with more than one 
scenario, in a full day of testing. This approach allowed to have 
many different types of interactions and many feedbacks about 
technical problems as well as usability aspects, but it has also 
underlined the need of a correct methodology in setting up trials if 
the am is a therapeutic and/or educational outcome. Also if the 
first impact with the robot has been very positive, when the choice 
of the scenario proposed or the features of the robot are not 
carefully evaluated before the trials, results are really limited. In 
some case children had to high cognitive functions in relation to 
the simplicity of the activity proposed and they got easily bored 
and distracted. In other cases the physical interaction with the 
robot was too difficult for the motor skills of children and this fact 
give them frustration.  Also the involvement of different special 
children in the same trials should be carefully evaluated to 
maximize the possible outcomes.  

CONCLUSION 
From what has been experimented in real trials, the need of a 
validated methodology has been proved its importance, but the 
huge quantity of information required by the professionals as 
regards children description using ICF-CY requires the 
development of an electronic version of the questionnaires 
developed from the Iromec methodology. 

1. Besides if the number of scenarios available will 
increase and the possible features of robot realized (or 

maybe the numbers of robotic device tested) will grew, 
the need of some automatizasion of the selection 
procedure will be really important.  
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ABSTRACT 
This paper is a case study on a graduate level course focused on 
the design of educational experiences for children with 
developmental disabilities. The course combines students from 
graphic design and human computer interaction into design teams 
focused on creating educational game experiences for children 
with autism, epilepsy, or cerebral palsy. The design methodology 
focuses on a unique combination of activity theory, Kansei 
engineering, and the symbiotic roles of emotion, cognition, 
motivation, and behavior.  
The educational experiences must be designed for multiple 
constituent groups and serve as a mediating tool between children 
with developmental disabilities and their neurologically typical 
peers or caregivers. Because many children with autism, epilepsy, 
or cerebral palsy may have severe expressive or receptive 
language skills, the educational experience must teach sign 
language as one of its outcomes. It should incorporate a teaching 
component, as well as a drill and practice feature to help reinforce 
the learning.  
As part of the course, lectures are delivered on teaching strategies 
in the areas of discrete trial training, clicker training, social 
stories, video modeling, and differential reinforcement techniques.  
Additional lectures are given on experience design, activity 
theory, Kansei engineering assessment and evaluation techniques, 
information design, and visual design principles. 

Keywords 
Educational Experiences, developmental disabilities, design 

INTRODUCTION 
The tremendous rise in incidence rates for children with cognitive 
and developmental disabilities such as autism spectrum disorders 
(ASD), epilepsy, and cerebral palsy makes designing for this 
audience important to our society. In addition, by teaching 
students from graphic design and human computer interaction 
how to design for this audience, they learn very fundamental 
truths about how to design for any audience. The ability to 
understand how people learn, what motivates them to do an 
activity, and what behaviors do the elicit when exposed to a 
situation are important to any design situation. Therefore, 
designing for children with developmental disabilities becomes 
not only an incredibly worthy endeavor, but also an important 
learning tool for students in design or engineering fields.   

COURSE GOALS AND OBJECTIVES 
The course, Human Interaction Design, exposes students to a 
variety of inputs and experiences as ways of teaching a variety of 
concepts about the target audiences. Students are taken to a pre-

school to observe typical children in educational settings. They 
are encouraged to take note of the differences in developmental 
levels between infants (ages 6 mo to 15 months), toddlers (ages 15 
months to 36 months), and pre-schoolers (ages 36 – 60 months). 
They observe parallel verses cooperative play situations, social 
negotiation strategies, typical developmental progress, and 
facilitated or open play situations. Students are also allowed to 
observe children in similar age groups with cognitive and 
developmental disabilities. These children with observed in 
facilitated therapy situations involving speech, occupational, and 
physical therapy.  
From these ethnographic observation experiences, students are 
asked to incorporate a variety of sensory, ecucational and 
communication strategies into their education experience designs.  

Identify Sensory Languages 
The sensory systems of the body are researched and analyzed. 
Students are expected to study research from other fields such as 
perceptual psychology, occupational therapy, and neurology in 
order to understand and identify those concepts which affect 
human interaction, graphic design, and sensory communication. In 
the their book, Learning Disabilities and Brain Function, authors 
William Gaddes and Dorothy Edgell say that those with brain 
damage or an underdeveloped brain structure possess a continuing 
and permanent structural deficit in their brains that may affect 
their sensory, cognitive  or motor responses. They go on to say 
that knowledge of brain-behavior relationships will help teachers 
and therapists by providing them with a systematic description of 
behavioral and cognitive strengths and weaknesses. They 
recommend a combination of teaching strategies including 
behavioral, psychosocial, cognitive and neuropsychological 
approaches. (Gaddes and Edgell, 8)[1] 

Effectively Communicate Via Multiple  
Sensory Channels  
A method of evaluating and analyzing sensory experiences is 
developed and utilized for creating educational user experiences. 
Students are required to synthesize information from various 
fields and formulate a process of utilizing this information in 
practical applications. 

Identify Micro and Macro Sensory 
Experiences 
Communication experiences are evaluated in terms of their use of 
fine and gross motor activities for the user. Research in body 
movement, spatial orientation and tactile response are used as a 
basis for developing a method of analyzing and evaluating the 
effectiveness of these experiences. 
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Effectively Utilize Multiple Learning Styles 
Students research various learning models in order to understand 
how people gain information. Multiple learning styles such as 
visual, auditory, and kinesthetic are explored with regard to how 
they can reach specific types of children and how they can be used 
to create multi-modal forms of communication. 

Identify the Role of Emotion in Human 
Interaction Design 
Students research ways of identifying and utilizing emotion in the 
design of user experiences. In some cases, they will teach emotion 
as part of the learning outcomes as a way to remediate children 
who may not be able to understand or produce emotions in a 
typical way. 

Identify Primary Motivating Factors in 
Human Behavior 
Students learn how behavioral principles work and why they need 
to be incorporated into many types of human computer interaction 
situations. In the book, A work in Progress, the reinforcement or 
motivation component is described as one of the most critical 
elements of therapy. They cite that the goal of therapy is to teach 
the child to perform tasks or behaviors appropriately and under a 
natural type of motivation such as occasional social praise. (Leaf 
and McEachin, 127)[2] Students are also introduced to the 
concept that for children with developmental or cognitive 
disabilities, the role of motivation must be enhanced beyond just 
inherent motivational content of the activity. If the activity is 
dramatically more difficult or abstract to a child with disabilities, 
the motivation must be obvious and immediate to the desired 
action. In addition, students are introduced to the concept of 
negotiating for reinforcement with their target audience. O. Ivar 
Lovaas, in the book Teaching Developmentally Disabled 
Children, says to make the child responsible for what he wants. 
By giving the child this responsibility, says Lovaas, the individual 
takes on dignity and aquires certain basic rights as a person. 
(Lovaas, 5)[3] The must also use a differential reinforcement 
strategy to help mold and refine correct or desirable behaviors or 
outcomes. 

Identify the Role of Human Interaction  
Students learn how human interaction influences human emotions 
and behaviors. Students research how design can be used as a 
catalyst or facilitation tool for human interaction. They also 
explore the role of a designed educational experience as a 
mediating device. In this role, the educational game facilitates or 
moderates play or interactions between two people in ways that 
empower both parties and make physical, emotional, or social 
connections more effective. 

THE EDUCATIONAL EXPERIENCE 
Various forms of sign language are used throughout the world 
both by deaf and by hearing persons. In addition, sign language is 
used by some members of the Deaf community as their native 
language. However, sign language is also used by other people 
who are not deaf, but lack the ability to speak. This project 
focuses on a method of sign language known as Signed English. 
Signed English is a 3-dimensional, time based language that uses 
most of the same hand signs as American Sign Language (ASL). 
ASL is used by the Deaf community as a unique language system. 
Both ASL and Signed English, are forms of manual 
communication and are used by individuals with either hearing or 

language disorders. Manual communication is a more inclusive 
term that is comprised of commonly understood gestures, 
culturally understood gestures, and sign systems.  
A sign language is a set of symbols that is unique and meaningful. 
A variety of sign languages are used throughout the world. Signed 
English is one method that is typically used in the United States. 
Sign languages are often used by persons with aphasia, autism, 
Down’s Syndrome, cerebral palsy, and brain injury. These groups 
of people may also have other physical or cognitive disabilities 
that may affect their ability to learn or produce sign language. 
These individuals are often introduced to sign language as 
children and often by teachers or parents who themselves are not 
proficient in sign language. Because 90% of deaf children are 
born to hearing parents, they too need assistance in quickly 
learning a sign language system.  For this project, students need to 
design a method to teach Signed English to a target audience of 
children with autism, epilepsy, or cerebral palsy and their typical 
peers or caregivers. Students must consider the unique abilities 
and challenges faced by these audiences when designing the 
tutorial. It is also expected that the educational system should 
make the learning process easier for the non-expert and should 
include a system to reward the user.  

DESIGN PROCEDURE 
Students research the many forms and techniques used to teach 
sign language. They are expected to pay particular attention to the 
type of solutions that would be appropriate for a novice signer 
such as a parent or teacher. This research should include a 
thorough examination of how people learn and recall signs.  
 
Students experiment with various sensory learning techniques and 
are asked how they could be combined to simplify the learning 
process.  It is important to remember that each sign in Signed 
English uses hand shape, palm orientation, location, and 
movement. When teaching the signs it is important to include 
information about the mood or emotion of the sign.  
 
Based on their research, students develop a concept and create an 
exhaustive series of sketches or prototypes. See Fig. 1.  The 
explorations must include visual elements such as color, 
typography, shape and size, as well as multi-sensory explorations 
such as visual properties, weight, balance and other sensory 
issues. See Figures 2 and 3. Students are also asked to explore 
unusual ideas such as “Should my tutorial have sound, motion, or 
color coding?” or other atypical design concepts. Students often 
produce hundreds of sketches or explorations at this phase of 
development before settling on a final design direction. 
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Figure 1. Initial concept sketches and brainstorming ideas. 
 
 
 

 
 
Figure 2. Logo and typographic explorations. 
 
 
 

 
 
Figure 3. Logo variations exploring differences in lines. 

Once the preliminary work has been completed, students create a 
series of refined concepts from the explorations in the previous 
step. These explorations include variations on information design 
elements that appeal to learning styles of the target audience such 
as visual, auditory, and kinesthetic styles. From these 
explorations, students create a final design solution. See Figures 
4-6. 
 

 
Figure 4. Game for children with Asperger’s Syndrome. 
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Figure 5. Kinesthetic game and product design for a video camera 
for children with autism spectrum disorders. 
 
 

 
 
Figure 6. Game for children with Cerebral Palsy.  
 
STUDENT EVALUATIONS AND REFLECTIONS 
Through teaching this course, it has been discovered that graphic 
design students and human computer interaction students have 
vastly different design strategies. They approach problems from 
discipline specific view points and must be introduced to the 
strategies and techniques of the other discipline. In addition to the 
educational games that are produced, a vast amount of 
information about how graphic designer and human computer 
interaction designers work and think has been collected and 
analyzed. This data can serve to inform the process of teaching 
graphic design students and human computer interaction students 
to work and collaborate more effectively to produce quality 
designed experiences. 
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ABSTRACT 
 

The speech treatment for children with hearing 
impairment is a challenging task and much tiring. It is 
very difficult to keep up the standard of children’s 
attention and collaboration. Instead, we have observed 
that the speech treatment is based on the repetition of 
object’s name (i.e. toy, picture, etc.) that the children use 
in daily life. In this work we presented an interactive 
hardware / software system to animate the objects. It was 
used in the speech treatment for children with hearing 
impairment. In the beginning, the “magic tool” has been 
build as a ‘magic glove’ but in this exploratory study we 
have chosen to change its form, because the children was 
two female. Below it is described the technology and the 
exploratory study.  
 

Keywords 
Rehabilitation, hearing impairment, cognitive systems for 
rehabilitation, speech treatment, interactive system in 
disables children’s play. 

 

INTRODUCTION 
In this paper we show an application of a prototype 
system that allows to “give life” to objects (i.e. toys, 
utensils, carpets, pictures, etc.). When subjects touch an 
object, through a “magic tool” like glove or wand (Fig. 1), 
the object react emitting sounds and/or visual stimuli. The 
system is equipped of authoring software to create 
interactive scenarios. A first application of the system has 
involved the speech treatment of a male child with 
cochlear implant. We have decided to build magic tool 
like a glove to   make this treatment more attractive for 

child. Our work started from research collaboration 
between the Institute of Cognitive Sciences and 
Technologies of National Research Council (Cnr) and the 
private foundation Fondazione Peppino Scoppa, in Angri 
(Salerno).  
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
Figure 1: the “magic glove” and the puppet with embedded 
electronic modules, the “magic wand” and the doll with 
embedded electronic modules.   
 

The main project purpose has been to build an interactive 
system able to allow to speech therapist to animate objects 
and distribute them in some play environment.               
The speech therapist can use system to perform exercises 
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of vocabulary acquisition and object based storytelling 
with the final goal of increasing exploration of children. 
Our system is based on: Rfid Tag, Rfid reader, authoring 
software. 
We have used Rfid tag to make object reactive and 
traceable by software. An Rfid tag is a microchip 
combined with an antenna in a compact package; the 
packaging is structured to allow the Rfid tag to be 
attached to an object to be tracked. We have put Rfid tags 
in the objects, the tags were little and they did not modify 
shape and size of objects. To track the object in the 
environment we have used an Rfid reader embedded in a 
“magic tool” (wand or glove). An RFID reader is a device 
that is used to interrogate an RFID tag. The reader has an 
antenna that emits radio waves; the tag responds by 
sending back its data. After reading the system, embedded 
in the “magic tool”, send information to computer via 
Bluetooth. The computer elaborates this information and 
reproduces sounds and/or  visual stimuli. The core of our 
prototype system is based on software. The software 
manages the information coming from the “magic tool” 
via Bluetooth device, identifies the objects and reproduces 
sounds and/or  visual stimuli. The software allows to  
speech therapist or users in general, to associate a media 
stimulus to each specific tagged Rfid tag object or to 
create a new stimulus. The users could record video by 
webcam or a voice clip by microphone and use this media 
as stimulus. To associate a media stimulus to a tagged 
object the user had to follow a procedure. First of all it is 
necessary to touch an object using “magic tool”; then the 
user have to click on "change button" by software menu, a 
new windows appears and now is possible to browse 
media files stored on computer. The user has to choose a 
file and to click on “save stimulus” button. The stimulus 
is associated to object. It is possible to delete existing 
stimuli, creating new ones, previewing a media stimulus. 
The software gave us information about the interaction of 
the player (subject) with the objects, for example how 
many times the subject had touched an object. In figure n. 
2 is the screenshot of management software for Rfid tags 
and stimuli. 

 
Figure 2: Tag management software. 
 
In our opinion the application of this prototype could be 
considered open to user’s need, it could be used in all way 
is required an interaction between subjects and objects. 

‘Magic tool’ allows to create a treasure hunt made by 
responsive objects, to maintain high motivation to speech 
treatment, allowing subjects to come into contact with 
many stimuli in a playful and autonomous way. The child 
becomes an active partner who explores and manipulates 
objects of the environment and the latter interacts with the 
former by sounds and visual stimuli. ‘Magic tool’ could 
be described as a system that creates a circular link 
between subject, environment, action and perception. To 
explain this idea we have to read diagram 1 starting from 
the direction of green arrow. Reading diagram is possible 
to observe how the child touches object through a device 
like “magic tool”, the object sends information to the 
software, the environment reacts with a sound sent by 
computer, and the child percepts this activation. The 
system has created a circular link between subject, 
environment, action and perception. 
  

 
Diagram 1: Circular link 
 

AN EXPLORATORY STUDY 
The speech treatment for children with hearing 
impairment is a challenging task and much tiring. It is 
very difficult to keep up the standard of children’s 
attention and collaboration.  The children need to be 
stimulated steadily. The speech treatment is based on the 
repetition of object’s name (i.e. toy, picture, etc.) that 
children use in daily life. During the speech treatment the 
therapist shows the object to child and appoints it. The 
task of child is to repeat the object’s name.  
Observing some rehabilitation therapies, in the private 
foundation “Fondazione Peppino Scoppa”,  we have seen 
that in the first part of speech treatment child’s attention 
and his collaboration was high, but after some minutes the 
child appears bored, not attracted by the exercise. For this 
reason, together with the speech therapist, Dr. Simona 
Riccardi, we have decided to tag some objects used in 
speech treatment and to install one computer into the 
setting room and to use the “magic wand”. We have 
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chosen some pictures to be tag, familiar or unfamiliar to 
child (i. e. a picture of feet, a picture of train, a picture of 
toothbrush, etc.).  We have added two stimuli to each 
object, a sound stimulus (a voice that appoints the object, 
coming from the PC amplification) and a visual stimulus 
(a picture that shows the object on the computer’s screen). 
As “sound stimulus”, we have chosen therapist’s voice, in 
this way the stimulus used should be more familiar and 
recognizable by the children. The quality of perceived 
sound is different if coming from human voice instead of 
electronic device. In fact, the patient must be trained to 
the listening of sound coming from electronic devices.  
In this study, we have decided to make a comparison 
between their two individual cases, homogeneous by sex, 
age and condition. Both subjects are girls, they are  5 
years old (Age Media = 4.5), and are respectively affected 
by acute neurosensorial bilateral ipoacusia and acute 
perceptive bilateral ipoacusia, the cause of the disease is 
unknown.  In the phase of experimental planning it has 
been decided to use the “magic wand” just for one child. 
So, one child has followed the “classical” speech 
treatment, while other child has followed the speech 
treatment mediated by the “magic wand”.  We have 
chosen to carry out the exploratory study using the “magic 
wand” for just one child to test tool benefit in the speech 
treatment.  
The main goals that have led the study have been the 
following:  
 

1. Verifying if the presence of an object that 
activates change in the environment after its 
manipulation is able to catalyse the attention of 
the child on the rehabilitative tasks;  

 
2. Observing if through a play based on repetition 

of objects’ name and images’ description 
manipulated by glove or touched by wand, it is 
possible to obtain an improvement of 
performance in phonetic capabilities of patients; 

 
3. Trying out if through the use of our prototype is 

possible to maximize the patient’s exploration 
inside the room where the therapy takes place in 
order to trigger a play of repetition and self-
exploration.   

 
We have used, to value the baseline of children, the 
Peabody Picture Vocabulary Test - Revised (PPVT-R) of 
Lloyd and Leota, M. Dunn. This test measures an 
individual's receptive (hearing) vocabulary and it provides 
a quick estimate of verbal ability or scholastic aptitude. 
The total score can be converted to an IQ score.  
 
METHOD and RESULT  

The study has been conducted in a private rehabilitation 
centre where the children have been regularly followed a 
speech treatment. All speech treatments have been video 
recorded to observe behavioural changes and reactions 
during the speech treatment both without “magic wand” 
and with “magic wand”. The presence of an observer 
during the speech treatment has been avoided, in order to 
guarantee the ecological protection of the therapeutic 
setting.  
The Peabody Picture Vocabulary Test (PPVT-R) has been 
administered to the children before the observations and 
in the end of it. The two children have obtained different 
values at the evaluation of baseline. From the first 
administration of PPVT-R, the child A has no achieved an 
useful raw score to compare with the equivalent standard 
score for her age. Even though, she is 4 years and 10 
months old, she has not a receptive vocabulary 
appropriate to her age. Instead, the child B has achieved a 
raw score useful and so it has been possible to deduce an 
equivalent score for her age. This indicates that the child 
B has a receptive vocabulary appropriate for his age. For 
this reasons, we have decided to use the “magic wand” 
just for one child. We have chosen the child A, because 
she has presented a higher compromise of language. The 
child A has carried out the speech treatment with the 
“magic wand”, while the child B has carried out the 
classical speech treatment. We carried out five 
observations for each child. All the observations have 
been analysed subsequently. For each child an 
observational card – evaluation has been completed. This 
observational card- evaluation has been chosen because it 
is useful to evaluate the neuropsychological functions of 
children. The original observational card – evaluation of 
Barthelemy, Hamereury, Le lord (1995) evaluated fifteen 
functions.  In this study, we have chosen to evaluate some 
main functions, as i. e. Attention, Tone muscular, 
Association and Language. Each function has been 
defined according to different items.   For each item it has 
been assigned a value from 1 to 5 (from absence of 
behaviour to strong presence of behaviour). Starting from 
the initial observations, the child A has showed a greater 
interest and an increase degree of attention during all the 
speech treatments.  The child was visibly attracted by 
“magic wand”, its way to arise in therapy has changed. 
We have observed a change in her muscular tone. Indeed, 
in the first observations the child A has been more tense 
in her movements and in the use of the “magic wand”, 
compared to the last observations.  Using the “magic 
wand” for the child A it had been useful to know new 
words and to interact with the speech therapist. Regarding 
the child B it has been observed an increase of attention 
during all the observations. The child B has showed an 
appropriate level of language and ability for her age. At 
the end of observations we have  
administered the Peabody Picture Vocabulary Test 
(PPVT-R). The child A has not obtained a raw score 
again, but she has obtained a higher score, however better 
than the previous administration. The child A does not 
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present an appropriate receptive vocabulary for her age, 
anyway she was able to respond to some new items. 
Regarding the child B, she has obtained a low score 
compared to the first administration, but she is still in her 
age group and has an appropriately receptive vocabulary. 
 
FURTHER DEVELOPMENT 

In the light of our preliminary observations the system 
seems to transform the speech treatment, surely it 
becomes more attractive for child. To assert if the 
prototype can improve the vocabulary’s acquisition and 
catalyze subject’s attention on the tasks we will plan to do 
new experiment with more observations. If the result of 
new experiment will confirm the hypotheses of 
exploratory study, we will consider the idea to create two 
different interface of software. An  interface for  the 
speech therapist, much more complete and an another one 
for parents, simpler to use. In this last case,  the subject 
can perform the exercises at home and with parent’s help. 
Another use of the “magic tool” can be to create a playful 
experience creating a treasure hunt game using tagged 
objects, so to perform exercises for speech treatment in a 
play setting and using the common toys that child uses at 
home.  
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ABSTRACT 
This paper describes the general framework of an 
experimental research that will be carried out during Spring 
2009 with three off-the-shelf toy robots which have been 
selected to be further customized in order to meet the 
specific needs of children with severe motor impairment.  
The robotic toys will be used in play interventions in order 
to investigate their possible role as play mediators in 
therapeutic and educational contexts. 
Robots have been chosen on the basis of a set of pre-
defined play scenarios specifying the setting, the 
therapeutic or educative objectives to be reached, the actors 
involved in the play activity and their interactions.  
The study aims to illustrate the process applied in the 
robots selection and adaptation and to describe the possible 
use of these systems in scenario-based play activities.  

Keywords 
Robotics. Assistive Technology. Motor Impairment. Play 
Intervention. 

INTRODUCTION 
The importance of play in child development is widely 
recognized [8]. Nevertheless some children can’t take 
advantage of the enriching experience of play. Children 
with severe disability, for example,  may be prevented, due 
to their functional impairments, to fully participate in play 
activities and to develop play skills: this limitation can 
affect their learning potential and their social participation. 
In children with severe motor impairments such as children 
with cerebral palsy or SMA (Spinal Muscular Atrophy), a 
lack of initiative in spontaneous play and the related 
occurrence of play deprivation is frequently observed [1].  
Recent research in the field emphasizes that the 
introduction of robotics and assistive technologies may 
help children with disability to reach developmental goals 

by enhancing their play skills and access to play materials.  
A consistent amount of prototypes of toy robots addressed 
to children with disabilities has been developed in the last 
decade [6] and they have been applied in experimental 
researches on therapeutic or educative outcomes of robot 
assisted play interventions.  
Common toy robots, with few if any adaptation, have been 
experimented for the same purpose [12].  
While a considerable number of these researches have been 
specifically designed to meet the special needs of children 
with autism [4] - whose particular play patterns are well 
known – just a few systems, described by the scientific 
literature, provide design solutions suitable for children 
with severe motor impairments [3,5]. 
Moreover, most of the commercial robotic toys available 
cannot be applied as tools for play for children with motor 
impairment, since these children cannot access neither 
interact (e.g. moving around or using their voice as input) 
with these systems due to their difficulties in physical 
interaction with objects, in verbal language production and 
in the whole movement functions.  
 

MOTIVATIONS  
The use of robots to enhance the play experience of 
children with motor impairments is a cutting edge research 
field. 
The work here described originates from the European 
project IROMEC (Interactive RObotic MEdiators as 
Companions, IST-FP6-045356) which aims at developing 
the prototype of a robotic companion for the following 
target groups: children with autism, children with severe 
motor impairments and children with mild mental 
retardation. 
Following a user-centred design the IROMEC  research 
project has been focused on children’s needs, which have 
been analysed through several panels consultations 
involving parents, teachers, rehabilitation professionals and 
carers. Through an iterative process several play scenarios 
related to robots functionalities have been set up.  
Aiming at investigating the possible applications of the 
play scenarios, under way of testing within the IROMEC 
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experimental trials, and their therapeutic and educative 
outcomes, our research group decided to select some 
commercial robotic toys, to adapt them to the IROMEC 
play scenarios and to use them in additional experimental 
trials. 
The target group of children with severe motor impairments 
has been chosen as the main focus of this work due to some 
aspects: the severity of their functional impairment that 
mostly prevent them from playing, the possible presence of 
other types of limitations which make the functioning 
situation even worse, their challenging play needs, not 
satisfactory addressed by current technologies and products 
for play.  
 

METHODOLOGY: PLAY SCENARIOS SELECTION  
Scenarios are informal narrative descriptions of the user’s 
activities when performing a specific play activity and they 
provide useful information about the actors involved and 
their interactions: they can supply an effective 
methodological tool for the analysis of play tasks to be 
performed by severely impaired children.  
The play scenarios applied for this experimental research 
have been selected from a set of ten play scenarios 
developed within the IROMEC project, each one specifying 
the actors involved (the main user and his/her play 
companion(s), children or adults, such as therapists or 
teachers) and their reciprocal interactions, the possible 
settings where the activity occurs (school, clinical setting, 
outdoor settings), the type of play, the robot’s behaviour 
and its features [11].  
Scenarios not suitable for the target group of children with 
severe motor impairment have not been included in this 
new framework. The selected scenarios are the following 
ones. 
• Turn Taking. This game engages the child in a 

collaborative activity with a mobile robot and other 
people (peers or adults). The child has to turn and 
send the robot towards his/her co-player. As the robot 
reaches the second player, this one has, in turn, to 
repeat the same action. This scenario stimulates the 
enjoyment and the social interaction, also increasing 
the mental processes of cause-effect and anticipation. 
The main therapeutic and educational objectives are to 
encourage global psychosocial functions, to improve 
attention and global intra-personal and cognitive 
functions and to increase spatial awareness. 

• Imitation. The activity engages the child in an 
imitation game with the robot; the adult controls the 
robot’s behaviour in a “wizard of Oz” modality 
moving its ‘body’ parts trough a remote control while 
the child is supposed to imitate these movements. The 
game can evolve into an interaction between the child 
and the adult, mediated by the robot. The main 
therapeutic and educational objectives are: to increase 
body awareness through imitation game, to improve 

attention and global intra-personal and cognitive 
functions. 

• Make it move.  This activity requires to make a sound 
one, two or three times in order to make the robot 
moves towards (or away from) the sound source. The 
adult can be involved in the game activity – either to 
respond to the child’s initiative, or to take initiative 
and encourage the child to play and in some cases, the 
adult can have a supportive role. The child and the 
adult can explore together the robot’s behaviour (joint 
attention) and they can try to interpret and describe it, 
as well as to predict its trajectory. This play activity 
helps the child to learn about cause-effect 
relationships. The main therapeutic and educational 
objectives are to improve attention and global 
interpersonal and cognitive functions. 

 
On the basis of the selected scenarios several robotic 

toys have been technically analyzed in order to identify a 
group of robots to be further customized. 

 
ROBOTS OVERVIEW 
The robotic systems considered for this work can be 
classified under two main categories having heterogeneous 
characteristics that can partly overlap:  

1. robot toys 
2. educational robots 

The robot toys are usually designed for children’s use 
(generally aged three and above) and can be 
anthropomorphic robot (sometimes inspired by popular 
cartoons), or zoomorphic robots, simulating the appearance 
and the behaviour of pets, wild animals, dinosaurs, etc.  
They can be remotely controlled (radio or infrared) and/or 
can display an autonomous behaviour, performing tasks 
with different degrees of complexity, till to reach a 
primitive ability to learn some new behavioural patterns 
(e.g. Pleo the dinosaur by Ugobe).  
Even if the market offers some robust systems, as regards 
robot toys, the following general rule can be applied: the 
more they are evolved and complex, the more they can be 
easily damaged as a result of improper use. 
A positive aspect of these robots is given by their average 
cost which is lower compared to the one of educational 
robots.  
A limitation is represented by the low possibility of 
customisation, as regards the hardware and the mechanical 
parts. 
In the category of educational robot (e.g. Lego MindStorm) 
all systems developed to promote in children and youth the 
study of Robotic science can be found [7], a 
multidisciplinary field including sciences such as 
mechanics, electronics etc.  
The educational robots are sold pre-assembled or in kits, 
and generally offer the chance to program their functions. 
Their average cost is higher, moreover almost all of these 
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robots are quite fragile and regardless of the cognitive 
request of assembling and programming procedures, they 
are not suitable for very young children or children with 
motor impairments. 
 
CHOICE AND MOTIVATION 
The robots were chosen among systems available on the 
market, taking into account the constraints imposed by the 
user’s limitations and needs and by the activities envisioned 
in the selected scenarios.  
Anthropomorphic robots, with a familiar and reassuring 
appearance, commonly preferred to the machine like 
appearance of other systems [16] were selected among 
available toy robots as more suitable to the purpose. This 
choice was made to the purpose of  promoting children’s 
curiosity and active involvement in play, and trying to 
stimulate a positive emotional affect toward the robot. ,. 
The three toy robots which have been identified present 
very simple functionalities, and even if the hardware and 
mechanical components are hardly customisable, their 
functionalities and appearance resulted to be more 
appropriate for the scenarios’ objectives achievement. 
Only IR remote controlled robots were chosen, since that 
they should have been made accessible for children with 
severe motor impairments, who are not able to directly 
access the robot through physical buttons or standard 
interfaces (e.g. joystick controllers). 

 
Fig. 2. Assistive Technology IR Remote Control 

The presence of an IR remote control makes it possible 
adaptations through common assistive technologies such as 
switches (to be activated by some residual movement as the 
head rotation or the open hand pushing) and computer 
(equipped with suitable software), or specific 
environmental control units commonly used by people with 
motor disabilities to activate home devices. 
The three robot selected for the play scenarios are 
described here described. 

Mr. Personality  
Mr. Personality (by WowWee Group Limited) is an 
interactive robotic companion equipped with an LCD 
monitor, which can move around avoiding obstacles and 
“talking” thanks to pre-recorded messages.  
This robot has been chosen because of its anthropomorphic 
features, but at the same time the presence of  a platform 
with wheels allows it to have an higher speed than that 

obtained by biped robots. This robot will be used to 
implement the scenarios requiring the robot move around in 
the play setting. Compared to other robot platforms with 
wheels, Mr. Personality, as the name suggests, has the 
possibility to express different personalities on a colour 
LCD display simulating the basic features of the human 
face (eyes, eyebrows, nose, mouth).  

 
Fig. 1. Mr. personality 

Facial expressions are combined with the movement of 
arms, back, trunk and  head and with sounds or pre-
recorded messages. 

Mr personality adjustments 
The behaviour (movements and sounds expressions) of Mr. 
Personality is determined by commands received by the 
remote control or its behaviour is a reaction to events such 
as obstacles or light detection. 
The current personalities don’t seems to be adapt for the 
implementation of the selected scenarios and it has been 
necessary to change the files already programmed inside 
the robot’s memory and to reengineer them to decrypt the 
instructions format and the data on movements, sound files 
and animations of the LCD screen. Together with the 
rewriting process of the script files, according to the 
requirements of scenarios, it is necessary to record some 
new audio files and to design new animated GIFs for facial 
expressions. 
A programmable remote control (Fig. 2) from Dr.Hein 
GmbH has been used to learn and use the IR signals needed 
to control the robot to provide physical access to the 
functionalities of the robot for children without fine motor 
skills.  
 
I-Sobot 
I-SOBOT is an anthropomorphic robot of very small 
dimensions but endowed with a strong expressiveness 
produced by the Japanese TOMY Company Ltd. This robot 
is equipped with many functions: a built-in gyroscopic 
sensor, voice recognition, pre-programmed motions, and up 
to 80 actions and movements that can be controlled directly 
by using a remote control with joysticks and buttons. It can 
also perform hundreds of amazing pre-programmed actions 
by using short button codes.  
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I-Sobot adjustments 
Even if this robot cannot be fully customized, it is possible 
to program some sequences of movements and actions that 
can be stored on the remote control and activated by 
pressing a single switch button. 

 
Fig. 3. I-Sobot 

In this way it is possible to realize the scenario “Imitation” 
in the variation where the child with motor disability can 
control the robot movements so that his/her co-player can 
imitate the robot’s actions. 

Wall-E 
It is a remotely operated toy robot, featuring a popular 
movie character and produced by the Canadian Thinkway 
Toys. 
Wall-E has pre-stored vocal messages and can perform 
some simple dance movements. Using the infrared remote 
control, it is possible to create more than 1000 sequences of 
actions in different combinations. Wall-E has 4 audio 
sensors for 360-degree sound detection and 4 motion 
sensors for motion detection. 

 
Fig. 4. Wall-E 

7.1.1 Wall-E adjustments  
8. With this robot two scenarios can be realized: "Turn 
Taking", exploiting its ability to recognize obstacles and 
the possibility to program many sequences of actions and 
manage them through a remote control, and "Make it 
move," since Wall-E is able to recognize the source of a 
sound (e.g. hand clapping or other loud sounds) and to 
move towards it. In this case the only adaptation needed is 
the creation of the required sequences of action. 

 

FUTURE WORK 
In the next stage of the research the use of the selected and 
adapted robots will be explored through experimental trials 
with children with motor impairments. Through these 
experimental trials information about possible outcomes of 
robot-mediated play activities will be collected.  
The accessibility and usability of the toy robots will be 
analysed through preliminary tests. 
As regards the future work on technical adaptation of the 
three toy robots, the design of a dedicated graphical user 
interface should be considered for development, which 
gives the child the chance to plan and launch some 
sequences of actions to be performed by the robot. 
This software should be possibly realised with three main 
layers: 
• a management layer for the communication with the 

infrared transmitter/receiver hardware; 
• an application layer for the block composition of the 

programs of the robots, including also the graphical 
interface; 

• a layer for the use of the software by children with 
motor impairment, through common interfaces for the 
PC access (scanning system, switches) which could be 
adapted through remote control interface.  
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