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Abstract

Thisarticle presents alongitudinal study with four chil dren with autism who were expased to a
humanoid roba over a period d several months. The longitudinal approach allowed the
children time to explore the space of roba-human, aswell as human-human interadion. Based
onthe video material documenting the interactions, aquantitative eswell asqualitative analysis
was conducted. The quantitative analysis sowed an increase in duation d pre-defined
behaviours towards the later trials. A qualitative analysis of the video data, observing the
children’s adivitiesin their interadional context, reveded further aspeds of social interadion
skill s (imitation, turn- taking and role-switch) and communicative competencethat the dhildren
showed. Theresults clealy demonstrate the need for and kenefits of long-term studiesin order
to reved the full potential of robasin the therapy and education d children with autism.
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1 Introduction

The work described in this article? is part of the Aurora projec which investigates the potential
use of robas as therapeutic or educational ‘toys’ spedficdly by children with autism [2]. This
approad is based onfindings that people with autism enjoy and benefit from interadions with
computerized systems (seebelow). In this article we present a longitudinal study with four
chil dren with autism who were repeaedly expased to ahumanoid roba over aperiod d several
months, using basic imitative and turn taking games. Our aim was to encourage imitation and
socia interaction skill s. Different behavioural criteria (including Eye Gaze, Touch, Near and
Imitation) were evaluated based on the video data of the interadions. The results clearly
demonstrate the crucia need for long-term studiesin order to reved the full potentia of robas
in therapy and education d children with autism.

1.1 Autism

Autism here refers to the term Autistic Spedrum Disorders with arange of manifestations of a
disorder that can occur to dfferent degrees andin a variety of forms[21]. The exad cause or
causes of autism is/are still unknowvn. Autism is alifelong developmental disabili ty that affeds
the way a person communicaes and relates to people aoundthem. People with autism often
have accompanying leaning disabiliti es®. The main impairments that are charaderistic of
people with autism, according to the National Autistic Society [30], are impaired social
interadion, social communicaion and imagination (referred to by many authors as the triad of
impairments, e.g. [52]):

! B. Robins, K. Dautenhahn, R. te Boekhorst, and A. Bill ard, Robatic Assstantsin Therapy and
Educaion d Children with Autism: Can a Small Humanoid Roba Help Encourage Social
Interaction Skill s? Speda issue "Design for amore inclusive world" of the international
journal Universal Accessin the Information Society (UAIS), Springer-Verlag, in press

*This articleis an expanded version d a paper presented at the Cambridge Workshop on
Universal Accessand Assistive Techndogy (CWUAAT) in March 2004 36).

® For detail ed dagnastic criteriathereader isreferred to DSM-1V, the Diagnostic and Statisticd
Manual of Mental Disorders, American Psychiatric Association, (1995.
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a) Imparments in socia interadion — this refers to an inability to relate to others in
meaningful ways. It comprises a difficulty in forming social relationships and an
impairment in understanding others' intentions, fedings and mental states. For a
personwith autism it is perfectly reasonable to answer afriend s question*“How doyou
like the olor of my new ca?’ with e.g. “I think the @lor isawful”.

b) Impairments in social communicaion - including verba and nonverbal
communicaion. This manifests itself e.g. in dfficulties in understanding gesture and
fadal expresgons, and a difficulty in urderstanding metaphars or other ‘nonliteral’
interpretations of verbal and nonverba language (for example, for a person with
autism the most reasonable answer to the question “Do you krow where | can find the
train station?” islikely to be ather “Yes, | do.” or “No, | don’t”, ill ustrating an inabili ty
that what people say or do needs to be interpreted with respect to the person’s
intentional, motivational and emotional states.

C) Impairments in imagination and fantasy — the development of play and imagination
adivitiesis limited. For example, children with autism do ot get engaged in role-play
or pretend day (e.g. pretending to be aprincess aknight or football star) asintensely as
typicdly developing children.

Moreover, people with autism show littl e redprocd use of eye-contact and rarely get engaged
in interadive games. Generally, autism affeds more males than females [30]. The &ove
mentioned impairments can leal to a substantially decreased probabili ty of being able to lead
an independent life. Even high-functioning people with autism might encourter great
difficulties in leaning the everyday ‘socia rules that guide our lives, including an
understanding of humor, whitelies, and deception, see examples of * mind-reading errors' given
in[19] andfirst-personaccourt’s of Temple Grandin, e.g. in[15 .

1.2 Imitation and the Case of Autism

Imitation days an important part in socia leaning bath in children and adults. From birth,
imitation daysacriticd rolein the development of social cognitionand communicaion skill s,
helping an infant in forging links with ather people [29]. Imitation and turn taking games are
used in therapy to promote better body awareness and sense of self, credivity, leadership and
the taking of initiative both in children and adults (as used in Dance Therapy by [22], [23],
[33]). Thereare airrently contradictory findingsin resped of imitative deficitsin autism. Some
researchers suggest autism-spedfic impairments in imitation ([40], [25]) whil st others ow
that autistic children are dle to engage in immediate imitation o familiar actions[16].

Nadel explored the use of imitationasa communicative meansin infant with autism [29] and
found significant correlation ketween imitation and paitive socia behavior. Her findings
indicate that imitation is a good pedictor of social cgpacities in children with autism. In
addition, it was aso found that autistic children improve their social resporsivenesswhen they
are being imitated ([11], [46], [29]). In therapy too, imitation, refledion and synchronous
movement work has been used with autistic children to develop social interadions ([5], [1]).

1.3 Computersand Robot Technology in Autism Therapy and Education

Reseach suggests that people with autism generally feel comfortable in predictable
environments, and more spedficdly, enjoy interacting with computers, e.g. ([4], [34], [27]).
One posshle explanation has been pu forward by Murray [28] who nded that the atention o
people with autism tends to be fixed on isolated oljeds apart from the surroundng area.
According to Murray, computers can bre& into this world by focusing the individual’s
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attention tunnel on the screen, so that external events can be ignored more easily. She agues
that computers in the education and therapy of people with autism can be beneficia for the
devel opment of self-awarenessand self-estean. Moreover, they motivate an individual to spek,
read or share his achievements with ather people which can greatly fadlit ate mmunication.
Hershkowitz strongly argued for the use of computer based leaning in therapy and educationas
an effedive ad in teading language and academic skill s to children with autism ([17], [18]).

In recent years interactive leaning environments (software or robaic based) have been
studied increasingly in the therapy or education d people with autism, cf. review in [9].
Software-based systemsinclude highly structured virtual environments (e.g.[43],[44], [32]) to
be used by therapists and teaters as tods in order to tead social and other life skill s (e.g.
recognizing emotions, crossng the road, leaning where and haw to sit down in a popuated
cdeteria).

Sincethe ealy 1980es the usage of robas in education has beame popuar (e.g. [31]),
for more recent work compare eg. [12]. The gplicaion d autonamous robasin therapy and
education d children with autism has been studied only more recently (e.g.[6] [8], [5]], [50],
[26], [47]), although early work with a remote-controll ed roba suggested pasitive dfectsona
seven year old boy with autism [48]. Michaud and Théberge-Turmel investigated whether
various robaic designswith dfferent interadive capabiliti es could engage chil dren with autism
in pdayful interadions. The designs included e.g. an elephant, a sphericad robaic ‘bal’, or a
roba with arms and atail. The work was carried out as an engineering projed, focusing onthe
development of the robas. Results of the playful interadions are described as narratives, and
littl e isknown abou any spedfic benefits or even the history of the dnildren. Smilarly, Wada et
al. [47] developed a pet roba cdled ‘Paro’, trying to mimic the gpearance and some of the
behaviors of ababy sed. Paro has been propcsed asa tod for roba asssted adivity that could
benefit elderly people, hospitali zed children, as well as children with autism. However, in this
work, too, \ery littl e has been dacumented about the particular history of the children and the
spedfic nature of therapeutic dfeds that can be linked to the roba.

Different to using computer software or virtual environments, interadions with an
interadive physical robot contribute important real-time, multi-modal, and embodied aspects
which are dharacteristic of face-to-face social interadion anong humans, cf. Dautenhahn &
Werry’'s discusson d advantages and dsadvantages of using different types of computer
techndogy in educaion and therapy of children with autism [9]. Ultimately, various types of
virtual or robdic interactive systems are likely to fulfill different roles and riches in the
spedrum of possble gplicaions for children with autism that can paentially enhance their
quality of life and contribute to their social integration - an important step towards enabling
them to share the benefits of human culture and society, as well as empowering the skill s
necessary for living independently.

1.4 Robots in the Aurora Project

People behave in a manner that is not essy to interpret, urless you share a ©mmon
understanding of how e.g. goals, motivations, intentions and emotionsimpact peopl€'s behavior,
let alone agrea amourt of social and cultural norms and conventionsto be considered. Without
such mind-reading skill s you might feel like an ‘anthropdogist on Mars' (a phrase @ined by
Temple Grandin, a Professor of animal science and a person with autism, when describing the
situation o deding with aher people, cf. [15]). Human-human interadion is multi-modal,
invalving not only verbal language, but a rich bady language, gestures etc., many of these
expressed in a subtle and urconscious manner. Human evolution and development has tuned
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our perceptua and cognitive system to perceaving a multitude of socia cues. Different from
how we ded with physical objeds, we develop into skill ed mindreaders during our first four
yeas of childhood,leaning to predict and interpret human behavior in terms of mental states.
Deficitsin mind-reading skill s, as they have been shown in people with autism, make people’s
socia behavior, from the perspedive of a person with autism, widely unpredictable. Different
from human beings, interadions with robas can provide asimplified, safe, predictable and
reliable eavironment where the complexity of interadion can be controlled and gradually
increased. Similarly, psychological studies have shown that chil dren with autism prefer simple
toy designs and pedictable eavironments (e.g [14]) that can provide starting points for
therapeutic intervention where the cmplexity of the therapeutic toys can be slowly increased.

The work reported in this paper is part of the Aurora projed [2]. A core am in our
studies is to investigate if and how simple imitation and turn-taking games with a roba can
encourage social interadion skill sin children with autism. Spedficdly, we consider the roba’s
role a an oljed of shared attention, encouraging interadion with peas (other children with or
withou autism) and adults. Humanoid as well as non-humanoid robas have been used in ou
previous gudies ([51], [50Q], [41], [6], [8], [49], [7], [36]). Quantitative and qualitative
tedhniques for evaluating interadions of single dhildren with autism with a mobile roba were
presented e.g. in[50], [10], [49]. Also, a @mmparative study was carried ou in order to compare
the impad of the robot with a non-robaic toy. The dstatisticd anaysis of behavioral
observations reveded that children with autism direded significantly more eye gaze and
attention towards the robot, suppating our hypothesis that the roba represents a salient objea
suitable for encouraging interadion. In alater study with pairs of children with autism [51]
Werry et al ill ustrated the roba’s ability to provide afocus of attention, and shared attention
(seefigure 1, right phao). The roba’s role a a mediator becane dearly apparent in haw the
children interaded with other people present in the same room, including chil d-teacher,
child-investigator and child-child interadions. The roba’s role of a mediator emphasizes that
our primary aim isnat to replace, bu to facilitate human contact. Recent work by Robins et al.
[39] showed honv a small humanoid roba can provide an enjoyable focus of (joint) attention
that can reved communicative and social competencies of children with autism, cf. figure 1
(midde and left phao). Here, the roba served as a salient object mediating joint attention
between the dhildren and an adult. Furthermore, this work highli ghted the fad that the skil ful
interadion onthe part of the cildren occurred not just in the presence of the roba, bu was
spedficdly concerned with feaures of the roba’s behavior (the aittonomous and predictable
pattern of moving head and limbs).

Figure 1: Robots as ocial mediators in the Aurora Projed’s trials. Right: a pair of children with autism both
attracted by the mobile robot [51]. Here, three pairs were studied in total. The children were paired by the teacher's
according to their level of social skill s. These two boys were the least social. Nevertheless the robot provided a salient
object that lead to competition for accessto the robot. Thus, the dildren, driven by their stronginterest in the robot,
were required to acknowledge each other and coordinate their behaviour. To our knowledge this was the first study
aimed at investigating the potential use of robotsas social mediators. Middleand Left: Scenesfrom thetrialsdiscussed
in this paper, showing child-child aswell as child-carer interaction in situationswhere the robot’s movements provided
salient stimuli and a focus of attention.
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In ather work carried ou as part of the Aurora projed we identified the need for robas
to recognize different interadion styles and to adapt to individual behavior of children cf.
preliminary work with typicaly developing children reported in [41].

A preaursor of the work presented in this paper is the study condwcted by Dautenhahn
and Bill ard [ 7] who reported afirst set of trials with 14 children with autism interading with a
humanoid robaic ddl cdled Robaa. The ceantral theme of these trials was imitation games
between the roba and the dildren. A computational vision system anayzed gross arm
movements of the chil dren that in turn could trigger the roba to imitate the dild. Also, Robaa
performed movements on its own in order to encourage the dildren to mirror the roba’s
movements. It was thus hoped to initi ate imitative interaction games between Robada and the
children. However, the results were inconclusive, and we identified a number of drawbadks in
the original setup. Firstly, the set up required the children to sit still at atable, fadng the roba,
and to move their arms in a very distinct manner, due to limitations of state of the at vision
systems that canna identify subtle movements. Secondy, the dildren’s participation in the
interadion games substantially depended onexplicit encouragement by ateader who sat next
to them (seefigure 2). Overall, our experiences $rowed that the particular set up did not sean to
faalit ate the emergence of spontaneous, proactive, and playful interadion games. Lastly, in
these previoustrials eat child was only expased onceto theroba, a situationwhere acedental
parameters can pdentialy have asignificant effed on the interadions observed. A small
number of exposures to the roba is also not likely to give any indicaions with regards to any
therapeutic or educational effects.

Figure 2: Examples of trials from an early study with Robota [7]. In order for the robot to detect vertical arm
movements perfor med by the children with autism a very restricted setup had to be used wher e the children needed to
stay very closetotherobot. Therobot could only detect gross arm movements. It was observed that the children needed
alot of encouragement from the teacher. Teacher-child interactionswereless playful and moreinstruction oriented. In
order to provide a more naturalist setting for playful interactions we decided for future studies to use the robot
remotely-controlled by the experimenter who had extensive experience in behaviour observation and could easily
identify and respond to even subtle movements of the children who could belocated anywherein alargeroom.

Based ontheinitia set of trials, for the purpose of the present study we therefore
dedded a) to use amuch more unconstrained set up, paing only very few constraints on the
children’s behaviors and pastures that are dl owed during the interadions, b) to pusue a
longitudinal study and expose eat child a number of timesto the roba, and c) to reducethe
intervention d carers  asto focus on sportaneous and self-initiated behavior of the dildren.

2 Research Hypothesis

The primary aim of this paper isto investigate to what extent repeaed exposure to a humanoid
roba, over along period d time, hasan impad on kaesic social interadionskill sin chil dren with
autism. We hypathesize that repeaed expaosure to an interadive small humanaoid robat will
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increase basic socia interadion skill s. Also, varieties of interadions that can be observed will
be documented.

2.1 Longitudinal Research

As mentioned abowe, the longitudinal repeded measure design reduces the influence of
variables that could lead to ‘acddental outcomes', because the same subjeds are used. For
example, we naticed that undanned changesin the schedule of adivities prior to atrial, such as
canceling the schod’ s assembly, can significantly aff ect the dhil dren’ s behavior becaise of the
changeto their routine. Alsoinlongitudinal studiesthere are fewer cases of randam variationto
obscure the dfeds of the experimental conditions.

It isvery commonin therapy to design programs of intervention/treament to take placeover
aperiod d ayear or longer, where, for example, 50 a more sessons of Art Therapy are not
unusual [13], or in Dance Movement therapy e.g. [42],[1] where cae studies $how that it might
take six months or more for the first breakthrough in the interaction between the therapist and
an autistic child to ocaur.

Similarly, in education there is increasing use of the Qualification and Curriculum
Authority’s (QCA’s) P-scdes assesgnent method [35] to assess pupls performance and to
suppat monitoring of progressonandtarget setting for puplswith learning difficulties. Thisis
usually done once ayear and although in many cases the puplsmove upalevel at the end 0 a
yea, often pupls $ow very slow progressin some developmental areas and stay at the same
level for more than ayea, simply covering more groundat that level.

A common approach in therapy invaolves the therapist gradually attuning to the dient. This
slow process reduces anxiety and dstresslevels and all ows the gradual development of the
therapeutic relationship. For these reasons, and kecause of the long term projedionthat is used
in educaion, we designed ou trialsto take placeover alonger period d time. On the one hand
we damed at minimizing the anxiety and distressthe autistic children might find themselvesin,
caused by a dhange of routine, being in anovel situationwith anew and urusual toy (theroba),
and anew person (the investigator). On the other hand we wanted to all ow enowgh time for the
children to use any interaction skill s they might already possess(e.g. eye-contad, turn-taking,
imitation), in a reaswuring environment, where the predictability and repetitiveness of the
roba’s behavior is a ammforting fador. Furthermore, we intended to alow enough time and
oppatunity for the dildren to improve their social interadion skill s by attempting imitation
andturn-taking games with the roba while slowly increasing the unpredictabili ty of therobd’s
adions.

We dso wanted to be ale to monitor the dhildren’ s reactionto dfferent appeaances of the
roba. Ina previous gudy where dildren with autism played with dfferent nonrobdic toysit
has been shown that the dchil dren approaded social objeds more realily if they were simplein
appeaance[14]. In ou investigationinto the dfects of the roba’s design, we first condicted a
preliminary study with alife size ‘ Thedricd robot’ (i.e. a person who was dressed and acted
like aroba ). Results of this gudy showed that the dildren responded ndably more socialy
towardsthelife-size robot when it had aplain/robotic gopearance as compared to an appeaance
with full human feaures (seefigure 3, left). Encouraged by these results, we monitored the
children’s reactions to our small humanoid robd’s appearance This involved two dfferent
appeaances of the robot, namely a ‘pretty girl doll’ as oppaed to pain clothing with a
feaurelessheal. Figure 3 (right) ill ustrates these trials. The results of the trials indicaed that
initially the dildren showed preference for interadion with the roba with its plain robatic
appeaance over the’pretty dall’ appearance, although over time during the longitudinal study,
they became acaistomed to bah appearances of the roba. (For completenesspurposes, detail s
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of al roba appeaances used in thetrials can befoundin appendix B. A detail ed comparison d
these two experimental condtions with the ‘thearica roba’ and with the humanoid roba can
be foundin separate pubicaionsi.e: [38] and[37] respedively).

Figure 3: Appearances of the Theatrical Robot (left) and of the Humanoid Robot (right), cf. Robins et al. [38],[37].
Left: pro-active behaviour towards a mime artist dressed up as a robot, followed by a photo showing the aversive or
‘alof’ reactions towards the same person in his normal clothing, a reaction typical of how children with autism react
towards grangers. Right: The photos show pro-active behaviour towardsthe robotic doll with a plain dress, as opposed
to thereactionstowardsthe samerobot in a ‘pretty girl dress.

Overadl, this approach has been designed to allow the dildren to have unconstrained
interadionwith theroba with ahigh degree of freedom, ontheir termsto begin with (providing
it is safe for the dhild and safe for the roba), as can be seen in appendix A. This approach has
also been designed to buld afoundition for further possble interadions with pees and adults
using the roba as amediator [51], [39].

3 The Trials

The trials took dacein Bentfield Primary school in Essex, UK, a mainstrean schod with
approximately 220typicdly developing pupls. The schod aso has an Enhanced Provision unt
to caer for nine puplswith various learning difficulties and physicd disabiliti es. These pupls,
eat accompanied by a caer, pusue their own urique airriculum and are integrated in the
mainstream classes, according to their age group. They participate in any classadivity that they
are aleto.

3.1 The Set Up

Thetrials were mnducted in the Light & Soundroom at the schod. Thisisafamiliar room for
the children, as they often use it for various adivities. The Light and Soundareg which is an
extended part of the room, was closed off by a aurtain leaving a large empty area of
approximately 5.5m x 4.5m, with a capeted floor. Theroom had oredoa and several windows
overlooking the schod playgrounds.

Theroba was conreded to alaptop and daced on atable against the wall at one side of the
room. Two stationary video cameras were placed in theroom, one & the sideto capture the aea
in front of the roba and the dil dren when approaching the roba, and the other camera placed
behind the roba to try and capture the facial expressons of the dhil dren asthey interacted with
theroba in close proximity. We felt that having manned cameras (with yet more alult strangers
in the room) would betoo intrusive and would cause alditional stressto the dildren. However,
despite having two cameras in most of the trials, there were periods of time when the dildren
moved ouside the range of the cameras, as the nature of the trials gave them the freedom to
move aoundin the large room.

3.2 The Robot
The roba used in these trials is Robaa — a 45 cm high, humanoid robaic dal (seefigure 4).
The main baly of the doll contains the dedronic boards (PIC16F870, MHz and 16-84,
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16MHz) andthe motorsthat drivethearms, legsand heal giving 1 DOF (degree-of-freedom) to
ead. The robot also has the capability to be conneded to various nsors such as infrared
emitters/ recevers, light detedors and more, which were not used in thesetrials. The ams, legs
and hea of the roba are plastic comporents of a mmmercialy available doll. The roba can
reac to touch by detecting passve motion d itslimbsand head through its potentiometers. For
a wmplete description d Robaa see[4].

Robaa is conrected through a seria link to a PC and can use speedt synthesis, speech
processng and video processng of data from a quick-cam camera. Using its motion tradking
system, Robaa can copy upward movements of the user’s arms, and sideways movements of
the user’'s head when the user sits very still and close to the roba, looking straight at it,
engaging in turn-taking and imitation games with the roba. Machine learning algorithms all ow
Robaato be taught e.g. a sequence of adions as well asavocabulary.

Figure 4: Therobot in itstwo different appear ances (the aentre figure shows the ‘undressed’ version revealing the
robotic partsthat control its movement)

Robaa had originaly been developed as a robotic toy that suppats a rich spedrum of
multi-modal interadions with typically developing children, invalving speed, music and
movements. However, many behavioral qualities that are required in situations of social
interadion are lessnatural to children with autism. Such qualiti es would include: being till,
having a long enough focus of attention, and maintaining gaze on ancther’s face. These are
advanced tasks for chil dren with autism to perform asit liesdiredly in ore of the main areas of
their impairment — communication and social interadion. Therefore, in the arrent trials,
Robaa's features of speed processng, motion tracking, and learning were not used. As
explained abovethetrials are designed to be unconstrained, with minimal structure, to al ow the
children to have the greaest degreeof freadom. Possbly other feaures of Robaa could be used
in future experiments where we will slowly introduce more structure and complexity into the
trials, allowing the dhildren time to buld their confidence and increase their social interadion
skill sacaording to their abiliti es.

In the arrent set of trials, the roba has been programmed to operate in two basic modes:

a) asa‘dancing toy’ where it moved its arms, legs and hea to the beat of pre-recorded
music. We used three types of music — chil dren’ srhymes, popmusic and classcd music,
following the teacher’ s advice &to the dildren’s liking.

b) asapuppet, whereby the investigator is the puppetee and moves the roba’s arms, legs
or head by a simple press of buttons on his laptop (this approach is related to the
Wizard-of-Oz tedhnique used in human-computer interadion (HCI) and more recently
in human-robat interadion (HRI) research, e.g. [24], [20].

3.3 The Children

Four autistic children age 5-10 from the Enhanced Provision unt at Bentfield primary schod
were seleded by their teacher to participate in the trials. Each child perticipated in as many
trials as was possble during that period (nine trials ead onaverage). The children are:
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E.M. —Age5, inthe Recgtionclass E.M. uses only two or threewords but is beginning to
communicae using the Picture Exchange Communication System (PECS).
B.B.—Age6,inyear one. B.B. has ome limited verbal expressonwhich he usesto express
some nedls, likes and dslikes. He understands smple diredions associated with routines.
B.S.—Age 10, inyear 5. B.S. has autism combined with severe leaning dfficulties. He has
no verbal language and uses symbadls and signs to make choices and to expresshbasic needs.
He will generaly have ago at whatever task heis presented with urlessheis feding unwell
when his behavior deteriorates.

T.M.—-Age 10, in year 5. He has verbal |anguage which he may use to expressneeds but
often eleds not to doso. He can be very difficult to motivate and it is smetimes very
difficult to channel his attention towards a particul ar task

Once ayear the schod assessesthe pupls performanceusing the QCA’s P-scdemethod. It
isimportant to view the dildren’s behavior during the trials in the @ntext of their personal
development level which was assessd by their teacher six months prior to thetrials.

Acoording to the assesgnent of their personal and social development level, in the subjed of
attention, E.M and B.B have been assessed at alevel wherethey pay rigid attentionto their own
choice of adivity, and are highly distradible in activities or tasks led by others. B.S and T.M
have been asses=d at a level where they can attend to an adult direded adivity but require
one-to-one support to maintain their attention. In the aeaof interacting and working with
others, E.M. was asessd at alevel where he engagesin solitary play or work and shows littl e
interest in the adivities of those aound hm. B.B, B.S. and T.M. were a%ssed at alevel where
they might take part in work/play with ore other person and take turnsin simple adivities with
adult suppart.

3.4 Trial Procedures

Before eat trial, the robot was placel on atable ready to start with a dick of abuttonfrom the
laptop. The investigator was stting next to this table operating the laptop when necessary. The
cameras, operated by aremote control, were set to ‘ standby* mode realy to record.

The children were brought to the room by their carer, one & atime. Each trial lasted aslong
as the dhild was comfortable with staying in the room. The trials gopped when the dild
indicated that he wanted to leave the room or if he becane bored after spending 3 minutes
already intheroom. The average duration d trials was approximately three minutes. A few of
the trials lasted upto five minutes, afew others were just under threeminutes, and two ended
very shortly after they started when the dildren left the room after 40 and 60 seconds.

The trials were designed to progressvely move from very simple exposure to the roba to
more wmplex oppatunities for interaction. There were threephases to this:

Setup A - During the first threetrias, the roba was placed inside alarge open bax painted
blad inside, similar to a puppet-show setting (see figure 5 left). At this gage in the trials the
roba was operating in its ‘dancing’ mode moving its limbs and heal to the rhythm of
pre-recorded music. This was smply intended to attrad the dildren’s attention to the roba.
The dildren mostly watched whil e sitting on the floor or on a dair but occasionaly left the
chair to interact with the roba more dosely, (watching closely, touching etc).

This ®dion d thetrialswas designed mainly for the cildren to famili arize themselves with
theroba (anew toy) and so the carer gave noinstructions or tasksfor the children to do,smply
minimal verbal encouragement if and when thiswas nealed (e.g. ‘look, there, what isit? etc).
The dildren were left to do what they chose to do. The carer and the investigator were
generally only observing, intervening only if the child was about to harm the roba (i.e. pushing
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/pulling the roba’s limb using excessve force). The investigator did na initiate
communicaion a interaction with the cild, bu did respondwhen addressed by the dnild.

Setup B - In later trias, the box was removed, the roba was placed openly on the table and
the children were actively encouraged to interad with the robad. In this dage the carer
introduced physicd encouragement, standing with the cild nea the robot and moving the
child’slimbs to show him how the roba could imitate his movement (seefigure 5 centre). The
children could then continue the interadion with the roba on their own. In this stuation the
roba was operating in its ‘ puppet mode’, where the investigator as pupyeteer caused the roba
to acaurately respondto the diild’sarm, leg and head movements (even when the diild was not
faangtheroba diredly or was not in close proximity to the roba). Note, that the investigator’s
control of the roba was hidden from the dildren.

Setup C - In the last couple of trias, whenever possble, the children were nat given any
instructions or encouragement to interad with the roba, and were left to interact and play
imitation games ontheir own initiativeif they chose to doso. On these occasions the roba was
operated as a puppet by the investigator again. The investigator was able to recognize esen
subtle expressons of the child and to quickly respondto the child’s movements, and aso to
introducefurther complexity of turn-taking and role-switch into the simple imitation game.

Figure5: Thethree phasesof thetrials: setup A -left, setup B -middle, setup C -right.

4 Interaction Profile Analysis
In ou trials we defined four elementary behavior criteria that we evaluated throughou the
period d trials, based onthe video footage. These behaviors were:

a. Eye Gaze (when drected at the robat)

b. Touch (when the child touched any part of the robot)

c. Imitation (this included dred imitation d the robot’s movements, delayed imitation
and response to the roba’s movement, and attempted imitation of the robd’s
movement)

d. Nea (thisincluded the dhild approaching the robat and staying in close proximity to the
roba regardlessof the dhild’s other behaviors)

Quantitative and cualitative analysis of the data creaes an interadion profile* for each of the
chil dren we worked with.

4.1 Quantitative Analysis

The video data from each and every tria for a given child was sgmented into ore seoond
intervals. The trials were cded by scoring the &owve defined elementary behaviors every
second d thetrid, cf. [45], [10]. The scoresfor each trial were then summed upandyielded the
total number of occurrences of each behavior during a spedfic trial and the total duration the

4 We would like to thank an anonymous reviewer for suggesting the term interadion profile analysis.
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child was engaged in each behavior during that trial. Thetrials varied in duration, therefore the
duration d abehavior was gandardized by expressng it as aproportion d thetrial duration.
To verify the reliability of the coding d the dildren’s various behaviours and to ensure
interrater reliabili ty, a subset (10%) of thetrials' video detafor each of the children, randamly
seleded, was coded independently by a sewmnd researcher. The average percentage of
agreement between the two olservers for the predefined elementary behaviours of the dildren
was 96. This level of percentage of agreement between olservers is commonly thought to be
‘good’. In order to ched the reliability of our scoring we used Cohen’s kappa wefficient. A
value of .60 a higher is generally considered sufficient to indicate that chance done is nat
acourting for the agreament. Some reseachers, as described in [3], are going further and
characterise kappas of .40to .60asfair, .60to .75asgood,and ower .75as excdlent. The kappa
scores obtained in our test of the subset of trials for the four chil dren were onaverage .79(.74
for B.B, .78for B.S, .83for T.M, and .84for E.M).

4.1.1 Results and Discussion

The data analysis produced various graphs sowing changes in the dildren’s behavior
(during child-robat interaction) over a period of time. For each child we foll owed the trend o
ead o their behavioral criteriafrom day one, when the first trial took place to day 101 when
the last trial was conducted.

The graphsin figures 6 & 7 show the cdhangesin behaviour for ead o the dildren duing
the period of the longitudinal study. Figure 6 (left) shows that the values for the behaviors of
Touch, Imitation and Near all increase wnsiderably towards the later trials, i.e. from day 92
onward. For Eye Gaze the highest scores occur during the first two trials on day 1 and day 8.
This could be dtributed to the nowelty of the situation and due to the fad that the caer decided
to dffer the child a chair to sit in front of the roba to watch this new toy. Naturally, a high score
for Eye Gaze can be expected inthis stuation. However if wedisregard thesefirst two trials, we
natice that the trend for Eye Gaze, too, increases from the third trial onwards, resulting in a
relatively high score onthe last trial on day 101.

1
09 B.B. All Sessions
08

09 T.M. All Sessions

08 ——EyeGaze -B—Near ——Touch —«Imitation

07

08
05
04
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01
.
0 10 20 30 40 50 60 70 80 90 100
days

Behaviour's Duration

0 10 20 30 40 sodays 60 70 80 90 100

Figure 6: Scoresfor the four behavioral elements of the subjects B.B (Ieft) and T.M (right).

Figure 6 (right), which shows the behavior of T.M. duing the trials, demonstrates a
considerable increase of the scores for Near, Eye Gaze and Imitation toward days 92 and 94
Touch, athough with avery low score, also occurred orly on day 92.

When interpreting the graphs, it is important to remember that autism, being a spectrum
disorder, can occur to adifferent degree andin avariety of forms. Furthermore, the chil dren that
took part in the trials are of a different ages and o different levels of development. Therefore,
these graphs can give only a very general view of what it might be passble to achieve with
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some dildren with autism. As dated earlier, it is important to view the dildren’s behavior
during the trials in the cntext of the assesament of their personal and social development level
which brought other influences to the trials, such as having a dhair to sit onin ealy trials, or a
constant encouragement the child needed to receive from his carer in arder to remain focused.
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Figure7: Scoresfor the four behavioral criteriaduring all thetrialsthat E.M. (left) and B.S. (right) participated in

Figure 7 (left) shows the behavior of E.M. duringthetrias. EIM., being only 5 yearsold, is
highly distractible in adivities or tasks led by others (see @&sessment abowe) and duing the
familiarization phase of the trials he needed constant encouragement from his carer to remain
focused. Point A in the graph above refersto trials 1, 2, and 4where the carer placed a dair
next to the roba, for E.M to sit on and watch the roba, hencethe very high score in the Near
criterium. During the third trial (point D- day 50), E.M was stting onthe arer’slap throughou
the trial and as the carer herself was stting some distance away from the roba, the score for
E.M for Near equals zero. Point C marks a considerable drop in eye-gaze towards the robat.
However, it highlights again the need to view the results in the mntext of what adually
happened in thetrial itself. Inthistrial, once thelong period of famili arization was passd, E.M
surprised the caer and experimenters involved: he initiated a long interadion with the
investigator, using the roba as an objed of shared attention. E.M. showed at this point
unexpeded communicaive skills (described in a separate pulication [39]) and the whale
episode with this particular child gave very positive indications as to the possble role of the
roba as amediator in interadions between autistic children and aher people.

Asthe dildren dffered in their personal development level, for some the main interadions
with the roba were by means of eye gaze or touch orly. Developmentally, according to their
teader, it was too early for the younger children E.M and B.B. to comprehend imitation. For
others imitation was an achievable goal after the period d familiarization and leaning (this
appliesto B.S.& T.M —the older boys) whiletouch dd na play amajor part in their interadion
with the roba. An example of this can be seen in figure 7 (right). B.S. touches the roba only
rarely. He rather explored the new ‘toy’ in his own way, waking fredy in the room,
approaching and walking away from the roba frequently in eac trial. In ore trial he even
performed what seamed to be a ‘dance’, direded at the roba. (see figure 10 and description
below). However his main achievement wasthat thelongitudinal approad all owed him enough
timeto get famili ar with the roba, to learn imitation games, and to engage with the robat on his
own initiative (as can be seen in the graph for the behavioral criteria of Imitation).
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The data dso allowed us to monitor ead behavioral element separately, over the whole
period d the trials, acdoss all the dildren. The graphs in figure 8 show examples of these
results. As it beacomes clea from the discusson above, even when a larger sample size of
children had been avail able, averaging behavior scores acrosschil dren isnot appropriatein this
study.
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07 + 07
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03 \ 03

: \
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0.1 1 [ 01
0
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Figure 8 (left) shows the trend of Imitation scores as it appeared in all children throughout all the trials with a
visible increase at the end of the trial period — from day 92 onwards. The figure on the (right) shows the scores for
Touch that increase for some of the dhildren in thelast trials, days 92— 101.

4.2 Qualitative Analysis

As gdated earlier, one of the overall questions that we are investigating within this projed is
whether exposureto andinteradionwith the roba can help to increasethe autistic child's ocia
interadion skill susing imitation and turn-taking games for this purpose. During the analysis of
the video recordings of this st of trials we naticed several occasionsin which the dildren also
interaded with the alults in the room (i.e. their carer, or the investigator). Sometimes this
occurred in relation to the roba, when the roba aded as a mediator or an ojed of shared
attention, bu at other times these interadions were nat roba related. To understand the events
that take placein such interadions requires attention to the autistic child’s adivities in their
interadional context. The quantitative analysis alone, based onthe frequency and duation d
the basic behaviors, cannot reved some important aspeds of social interadion skill s (imitation,
turn-taking, role-switch) and the communicative competencethat the autistic chil dren showed
during thetrials.

4.2.1 Results and Discussion

A comprehensive qualitative analysis of some of those segments of the trials where the
chil dren showed such interadion skill sand communicative mmpetence isbeing discussedin a
separate pulication [37]. However, the foll owing gives a description d a very short segment
(duration d 32 seaondk) taken from one dhild’' s trial on the secondto last day, which reveds
such interadion skill s:

Action Resporse

Roba raises |eft arm — Child mirrors and raises right arm
Roba raises |eft arm — Child mirrors and raises right arm
Roba raises |eft arm — Child mirrors and raises right arm
Roba raisesright arm — Child mirrors and raises left arm

PwpNPE
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Roba raises right arm — Child mirrors and raises left arm

pause (under 1 sec)

Child raises right arm — Roba mirrors and raises left arm

Roba raises|eft arm — Child startsto raise left arm, quickly dropsit andraisesright
arm

9. Childraisesleft arm — Roba mirrors and raises right arm

10. Roba turns head to the right — Child mirrors and turns head to left

11.Roba turns head to the right — Child mirrors and turns head to |eft

12. Child shakes head upand down — Roba turns head to |eft.

13. child pauses

14.Roba raisesright arm — Chil d startsto raiseright arm, quickly dropsit andraises|eft
arm

© NGO

We can see that during this ssgment the chil d showed the foll owing social interadion skill s:
a) straightforward imitation d various body parts movements (lines 1-5, 911,14, b) the child
redized when he made a mistake in imitation and correded himself (lines 8, 14, c) the child
initi ated interadion as part of the imitation and turn-taking game withou any pre-determined
cue thus causing arole-switch (lines 7,9), and d the dild tried to initiate interadion wsing a
new movement — shaking the head upand davn. The dild indicated a mmprehension that this
movement is beyond the roba’s cagpability and so moved on without insisting on that
movement (line 13).

5 Conclusion

This paper presented a novel study of longitudina research onthe exposure of a humanoid
roba to chil dren with autism. Relatively littl e work has been dore on wsing autonamous robas
in autism therapy, cf. [10] for a cmprehensive overview on related work. Usually the same
children are only exposed orce or afew timesto aroba. In contrast, our current approac of
repeded trials over along period d time allowed the dildren time to explore the interadion
spaceof roba-human, as well as human-human interadion. We foundsupporting evidence for
our initial hypothesis, namely that repeaed exposure to an interactive small humanoid roba
will i ncrease basic socia interadion skill sin children with autism.

In some cases the children started to use the roba as a mediator, an objed of shared attention,
for ther interadion with the teaders, carers and the investigator (cf. [51],[39],[36]).
Furthermore, once they have becme accustomed to the roba, in their own time and ontheir
own initiative, they all opened themselves up to include the investigator in their world,
interading with him, and adively seeking to share their experience with hm as well as with
their caer. In figure 9, the phao on the right, taken from a trial condwted duing the
longitudinal study, is a still shot taken ou of a sequence where, for the first time, the dild
adknowledged the presenceof theinvestigator (in prior trialsthe dhild completely ignored him)
and came and sat on the investigator’'s lap for few moments before standing up and moving
towards the roba whilst hading the investigator’s hand. It is important to nae that the
investigator did na initiate any part of this interaction. The phao onthe left, from atria that
took daceduring an extension to the study, some months later, depicts a moment when the
child (who has very limited verbal communication skill s) turned his head toward his carer and
sad: “ toy fun...fun...fun”.
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Figure 9: autistic children sharing with an adult their experience with the robot

We believe that this haring of experiencesis an important asped of the work, sincethe human

contact gives significance and (emotional, intersubjedive) meaning to the experiences with the
roba.

The gproach of repeded expasure of the dnildren to the roba over along period, in a stress
free ewironment, with a high degree of freedom, allowed the cildren, as hoped, to have
unconstrained interadions which fadlitated the emergence of sportaneous, proadive, and
playful interactions. In Figure 10 below, we can see how B.S, during the last trial of the original
longitudinal study was encouraged to respondto the roba’ s movements with what lookslike a
danceof hisown (“heisdancing to theroba” said the caer). At the end d that sesson, when it
wastimeto leave theroom, B.S (who has nolanguage skill sat all ) surprised hiscarer by turning
and walking towards the roba making hsown unque‘goodoye’ signwith hishand (seefigure
11) The caer made apoint that thiswas asignificant ad and shoud be noted in his monitoring
book.

Figure 11: B.S says ‘goodbye’ to therobot

It isnot clear yet whether any of the social and communicative skill s that the dildren exhibit
during interadion with the roba would have any lasting effect and whether they could be
generalized and wsed in the diildren’s day to day life outside the trials enario. More
longitudinal studies are required, together with continued monitoring of the dildren in their
clasgoom and hane environments. However it is interesting to nde that when this gudy was
extended 6 months later, to continue the investigation onthe effect of the roba’s appearance,
B.S responded in ore of the trials with a similar dance towards the robot (seefigure 12), a
behavior that, according to his carer, he generally does nat exhibit.
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Figure 12: Six month later, B.S respond to the robot’s movement with a dance similar to the dance performed
previoudly. It isdifficult to interpret this sngle observation. One might speculate whether B.S. remembers the erlier
inter actions with the robot, and whether hisvery particular ‘dance could represent a means of attempted (non-ver bal)
communication with the robot.

Figure 13: A child with autism playing with a mobil e robot used in the Aurora projead. Different from interactions
with Robota, small mobile robots encourage unconstraint full body interactions, movementsin space and touch.

Future work will continue the development of new interadion games with Robaa & well as
with ather robas that we ae using, including a mobile roba (cf. figure 13). We will further
investigate the role of the robas as cial mediators encouraging the interadion of autistic
children with ather humans (e.g. peers and adults). Encouraging socia interadion skills in
children with autism is a chalenging am addressng deep isales into the nature of social
interadion, socia relationships and the ‘meaning’ of human-human contact. Studying robadic
asgstants in this domain adds an additional level of complexity. However, in ou view the
potential benefits could justify these efforts. For example, a robaic asgstant could at least
partialy relieve caers or parents of intensive one-to-one sessons with a child with autism. It
would alow the alults to take aperspedive where they can dedde to olserve and monitor the
children’s play behavior and passble progress Also, in therole of amediator, the roba might
fadlit ate alults’ participation in the otherwise often solitary play of children with autism. Last
but not least, spedfic therapeutic goals could be systematicdly addressed with a programmable
robaic asgstant, e.g. imitation a joint attention. Robas to be used for such pupases would
need to be very robust and easily re-programmable by parents and teachers withou extensive
computer science or robaics training, and the roba would have to be dfordable. However,
taking it one step at atime, we ae currently focusing on providing evidencefor a positive role
of robasin therapy and educaion d children with autism.

Acknowledgements

We ae grateful to the teaching staff, parents, and children at Bentfield Primary schod where
the main study reported in this paper was caried ou. Many thanks to the headlteacher, Mr.
Draper, for hiscontinued suppat. Previoustrials mentioned were conducted with the suppat of
the caersandteachers at Colnbrook Schod and Radlett Lodge Schod. Wewould liketo thank
three aonymous reviewersfor very constructive and helpful commentsonan ealier version o
this manuscript.

References

1. Adler J(1968) The Sudy of an Autistic Child. proceading of the 3 annual conference of the American



Robaic Asgstantsin Therapy and Educaion d Children with Autism 17

Dance Therapy Assciation. Madison, Wis.

2. AURORA (2004 URL.: http://www.aurora-projed.com last accessed 25h July.

3.  Bakeman R (1986 Observing interadion: an introduction to sequential analysis, Cambridge University
Press

4.  Colby K, Smith D (1971 Computersin the treament of non speaking autistic children. Current Psychiatric
Therapies 11:1-17.

5. CostonisM (1978 Therapy In Motion. Urbana, University of Illi nois Press

6.  Dautenhahn K (1999 Roboats as sacial adors: Aurora and the case of autism. Proc. CT99, The Third
International Cognitive Techndogy Conference, August, San-Francisco, p 359374.

7.  Dautenhahn K, Billard A (2002) Games Children with Autism Can Play With Robata, a Humanoid Robaic
Dall. InKeaes S, Langdon PM, Clarkson PJ, Robinson P (eds): Universal Access and Assistive Technology.
London, Springer-Verlag, p 179190

8.  Dautenhahn K, Werry | (2000) Isaues of roba-human interaction dynamics in the rehabilitation of children
with autism. Proc. From Animalsto Animats, The Sixth International Conference on the Simulation of Adaptive
Behavior (SAB2000. 11 - 15 September 2000Q Paris, France p 519-528

9.  Dautenhahn K, Werry | (2004) Towards interactive robats in autism therapy: Badground, motivation and
challenges. Pragmactics and Cognition 12(1):1-35.

10. Dautenhahn K, Werry |, RaeJ, Dickerson P, Stribling P, Ogden B (2002) Robatic playmates: Analysing
interadive ampetencies of chil dren with autism playing with a mobile robat. In Dautenhahn K, Bond A,
Canamero L, Edmonds B (eds): Socially Intelligent Agents - Creating Relationships with Computers and Robots.,,
Kluwer Academic Publishers, p 117-124.

11. Dawson G, Adams A (1984 Imitation and social resporsivenessin autistic children. Journal of Abnormal
Child Psychology (12):209-226.

12, Druin A, Hendler JA (2000 Robasfor kids: exploring new technologies for leaning. San Francisco,
Morgan Kaufmann.

13. EvansK, Dubowski J(2001) Art therapy with children on the autistic spedrum: beyond words. Phil adel phia,
PA, JesscaKingsley Pub.

14. FerraraC, Hill SD (1980 The responsiveness of autistic children to the predictabili ty of social and
non-social toys. Autism and Developmental Disorders 10(1):51-57.

15. Grandin T (1995) Thinkingin Pictures. New York, Doubleday.

16. HamesJG, Langdell T (1981) Preaursors of symbal formation in childhood autism. Journal of Autism and
Developmental Disorders 11:331-344.

17. Hershkowitz V (1997) How adults with autism utili zed their computers. Advocate - Newsletter of the Autism
Society of America, Inc. Nov-Deq)

18. Hershkowitz V (2000) Computer based therapy for individuals with autism. Advance Magazine, January 10,
19. Howlin P, Baron-Cohen S, Hadwin J (1999) Teading Children with Autism to Mind-read. New York, John
Wiley and Sons.

20. Hiuttenrauch H, Green A, Norman M, Oestreicher L, Eklundh KS (2004 Involving Usersin the Design of a
Mobhile Office Roba. (2):113-124.

21. Jordan R (1999) Autistic spedrum disorders: an introductory handbodk for praditioners. London, David
Fulton.

22. Kalish B (1968) Body movement therapy for autistic children. proceeding of the 3rd annual conference of
the American Dance Therapy Assciation. Madison, Wis.

23. Levy FJ (1988 DanceMovement therapy: a heding art, American Alli ancefor Hedth Physicd Educdion
Recaedion and Dance

24. Maulsby D, Greenberg S, Mander R (1983 Prototyping an intelligent agent through Wizard of Oz. ACM
SIGCHI Conference on Human Fadors in Computing Systems, Amsterdam, ACM Press p 27%284.

25.  Meltzoff A, Gopnik A (1993 Therole of imitation in understanding persons and developing a theory of
mind. In Baron-Cohen S, Tager-Flusberg H, Cohen D (eds): Understanding other minds: Perspedives from autism,
Oxford University Press, p 335366.

26. Michaud F, Théberge-Turmel (2002) Mobil e robotic toys and autism: Observations of interadions. In K.
Dautenhahn, A. Bond, Canamero L, Edmonds B (eds): Socially Inteligent Agents- Creating Relationships with
Computers and Robots. Boston, Dordrecht & London, Kluwer Academic Publishers, p 125-132.

27. Moor D (1998) Computers and people with autism. Communication:20-21.

28. Murray D (1997 Autism and information technology:therapy with computers. In Powell S, Jordan R (eds):
Autism and learning: a guide to good practice. London, David Fulton Publishers, p 106117.

29. Nadel J, Guerini C, PezeA, Rivet C (1999 The evolving reture of imitation as aformat of communication.
In Nadel J, Butterworth G (eds): Imitation in Infancy, Cambridge University Press p 209234




18 B. Rohins, K Dautenhahn, R. te Boekhorst and A. Bill ard

30. NAS (2004 National Autistic Society UK, url: http://www.nas.org.uk, last acessed 2507/04.

31  Papert S(1980) Mindstorms: chil dren, computers and powerful ideas, Basic Books. NY.

32. Parsons S, Beadon L, Nede HR, Reynard G, Eastgate R, Wilson JR, Cobb SV, Benford SD, Mitchell P,
Hopkins E (2000 Development of social skill s amongst adults with Asperger's Syndrome using virtual
environments. the 'AS Interadive' projed. In Sharkey P, Cesarani A, Pugnetti L, Rizzo A (eds): Proc. The 3rd
International Conferenceon Disability, Virtual Redity and Assciated Tedwnologi&, ICDVRAT 2000, 23-25
September 200Q Alghero, Sardinia, Italy, p 163170.

33.  Payne H (1990 Credive movement and dancein groupwork, Winslow Press

34. Powell S (1996 The use of computersin teaching people with autism. Autism on the agenda: papers from a
National Autistic Society Conference London.

35. QCA (20049 The qudlifications and Curriculum Authority. url:

http: //www.gca.org.uk/ca/foundation/profiles.asp#p scales Last acessed July 25th.

36. Robhins B, Dautenhahn K, Boekhorst Rt, Billard A (2004 Effeds of repeaed exposure of a humanoid robat
on children with autism. In Keates S, Clarkson J, LangdonP, Robinson P (eds): Designing aMore Inclusive World.
London, Springer Verlag, p 225236.

37. Robins B, Dautenhahn K, Boekhorst Rt, Billard A (2004 Robaots as Asgstive Technology - Does
Appeaance Matter? proc. 13th IEEE International Workshop an Roba and Human I nteractive Communication -
RO-MAN, Kurashiki, Japan, 20-22 September 2004.

38. Robins B, Dautenhahn K, Dubowski J (2004 Investigating Autistic Children's Attitudes Towards Strangers
with the Thearicd Roba-A New Experimental Paradigm in Human-Roba Interadion Studies? proc.13th IEEE
International Workshop an Roba and Human Interadive Communication - RO-MAN,Kurashiki, Japan, 20-22
September 2004

39. Robhins B, Dickerson P, Stribling P, Dautenhahn K (2004 Roba-mediated joint attention in children with
autism: A case study in arobot-human interadion. Interadion studies: Social Behaviour and Communicdion in
Biologica and Artificial Systems, John Benjamins Publishing Company, Amsterdam 5:2:161-198

40. Rogers SJ, Pennington BF (1991) A theoreticd approach to the deficitsininfantile autism. Development and
Psychopathology 3:(137:162).

41. Sdter T, Te Boekhorst R, Dautenhahn K (2004 Deteding and analysing children's play styles with
autonomous mobil e robds: A case study comparing observational data with sensor readings. Proc. of The 8th
Conference on Intelligent Autonomous Systems (IAS-8), 10-13 March. Amsterdam, The Netherlands, 10S Press
42. Siegel EV (1984 Dance-movement therapy: mirror of our selves. the psychoanaytic goproach, Human
Sciences.

43. Strickland D (1996 A virtua redity application with autistic children. Presence Teleoperators and Virtua
Environment 5(3):319-329,

44, Strickland D (1998 Virtual redity for the treament of autism. In Riva G (ed): Virtua redity in
neuro-psyco-physiology, { IOS} Press Amsterdam.

45.  Tardiff C, Plumet M-H, Beaudichon J, Waller D, Bouvard M, Leboyer M (199%) Micro-Analysis of Social
Interadtions Between Autistic Children and Normal Adultsin Semi-Structured Play Situations. International
Journal of Behavioural Development 18(4):727-747.

46. Tiegerman E, PrimaveraL (1981 Objed Manipulation: an interadional strategy with autistic children.
Journal of Autism and Developmental Disorders

(11):427-438.

47. WadaD, ShibataT, Saito T, TanieK (20@2) Analysis of factors that bring mental effedsto elderly peoplein
roba asdsted adivity. Proc. Int Conference on Intelligent Robats and Systems, IROS 2002 Lausanne,
Switzerland, IEEE Press p 1152-1157.

48. Weir S, Emanud R Using LOGO to caalyse communication in an autistic child.

49, Werry | (2003) Development and Evaluation of aMobil e Robotic Platform asa Therapy Devicefor Children
With Autism. PhD thesis, Department of Cybernetics, University of Reading, United Kingdam.

50. Werryl, DautenhahnK, Harwin W (200L) Investigating aroba as atherapy partner for chil dren with autism.
Proc. of the 6th European Conference for the Advancement of Assistive Technology (AAATE 2001), 3-6
September. Ljubljana, Slovenia.

51.  Werry |, Dautenhahn K, Ogden B, Harwin W (2001) Can Socia Interadion Skills Be Taught by a Social
Agent? The Role of aRobaic Mediator in Autism Therapy. In Beynon M, Nehaniv CL, DautenhahnK (eds): Proc.
CT2001, The Fourth International Conference on Cognitive Technology: Instruments of Mind, LNAI 2117. Berlin
Heidelberg, Springer-Verlag, p 57-74.

52.  WingL (1996 The Autistic Spedrum. London, Constable Press




Robotic Assistants in Therapy and Education of Children with Autism 19

6 Appendix A

7
Varietiesof interaction: Thefour children that participated in the trial s showing unconstrained
interactions with a small humanoid robot

Figure14: EM

Figure 15: B.B

Figurel7: T.M
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8 Appendix B
Thetwo different robot’s appearances used in the longitudinal study:

G —roba with a“pretty Girl’ appearance

P —roba with aPlain appeaance

G& P—0On these daystwo sessonswere conducted with the dhil dren, one using the roba with a
‘pretty girl” appeaance, and asecondsessonwith theroba in plain appearance The

combined results of thesetrialswere used in the analysis of the datafor that particular day.

Note, oncertain days sssionswith particular children were not possble (empty entry in table
below).

TRay No.
50 60 92 94 99 101
Child
E.M G G P G&P G&P P
B.B G P G&P P P
™ G P G&P G&P
B.S G G&P P P G&P G&P
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