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Abstract

This study assessed the potential of the Reactable, a musical tangible user interface, to
help in the aquisition ofjoint attention abilities and social interaction in children with
Autistic Spectrum Catitions (ASC). With this purposejne children with ASC
paticipated in the research, the sampkng its own control group, and a simple
subject design was developed. The type of design was ABA (Basic Withdrawal). A
repeated measures comparison design within subjects was used. -ifitervention
baseline phase (A) was 20 minutes of free play session in their regular school space.
The interventon phase (B) was three sessions guided by a therapist with the Reactable.
The neintervention withdrawal phase (A) was 20 minutes of free play session with the
same conditios as the neintervention baseline. All the material weagleo-recorded,

and the 10% of the material was analyzdd. addition to the statistical analysis, this
study used qualitative methodological tools for analysisutifer subjectand detection

of atypical behavior for future researchhe results show a significant increasehe t
compositevariable social interaction andn turn-taking target behaviorduring the
sessions with the Reactablehe theoretical implications of these acquisitions, as well

as a discussion of the resybise included in this thesis.
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Autism Spectrum Condition (ASC); Autistic Disorder: Empathy; Autistic Disorder:
therapy; Collaboration; Behavior therapy; Joint Attention; Music Therapy; Tangible
Interface; Social skills training.
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1. INTRODUCTION AND MOTIVATION

1.1 Problem Statement

Autism isa condition that affectapproximatelyl in every 155 people worldwid@ut

of this population, 60% are below 50 IQ points on a scale of 0 to Bélow this
amountthe person is considered havemoderate to severe disabilit¢€lassic autism

and Aspergés syndrome share three features in their diagnosis: social communication
difficulties (reading the meaning of body language, inability to attribute intentions to
others, inability to understand metaphors, absence of joint attemio)) unusual
intere$ in specific areas of knowledge (obsession with certain topics, sometimes called
islands of knowledge), repetitive and ritualistic behayBaroncohen, 2008) There

are currently three theories that seek to exptam phenomenon of autism. These
include: The theory of minlindness(Simon BarorCohen, Leslie, & U Frith, 1985)

the weak central coherence (WCC) the@dta Frith, 1989) and the empathizing
systemizing (ES) theory(Simon BarorCohen, 2009)However, none of these have
shown results able to explain the 100% of cases of people with autism spectrum
condition (ASC). With this vision as a starting point, this study is based on the idea
shared by Peeters, Riviere and H. Asperger, that an appropriate educational intervention
improves the quality of life of people with ASC, evertheir IQ is below 50 points
(Asperger,19441991; Peeters, 2008; Riviere, 2001)

Among the major development impairments that affect children with, &&Cvariables

that limit communication devetomnentare thelack of joint attention(JA) abilities and

social competence (SC). Joint attention allows children with typical development (TD)
to share interests around an object, a person or an event. In addition to positioning the
child in its environme) joint attention is the basis on which language develops. Studies
have shown that the acquisition of joint attention through behavioral therapies in
children with ASC facilitates language development. The absence of SC creates states
of social aloofnessnability to maintain communicatiosequencesseparatinghildren

with ASC from their peers. There is evidence about the acquisitigoimtfattention and

social competence for children with ASC in music therapy interventions and therapy
game Therapiesassociated with play facilitate the acquisition of joint attention and
social competence through theeative use of objects and gibetter results folong-
termacquisition of SC

Just aghey have difficulties in social and communication area, peopile ASC have
strengths in their development that may enable them to develop alternative
communication strategie$he present study focuses on two of thén.the one hand,
people with ASC have a qualitatively different development with the use of objects
compared to those with typical developmentis involves the exploration of objects
through taste, smell and carg$din, Jones, Schultz, & Volkmar, 2003; Rowland &
Schweigert, 2009; E. Williams, 2003)n the other hand, even when pleowith ASC

have difficulties in understanding emotions in typical social communicatery, can
processaffective informationthrough musicFurthermore, they haveetter processing
and pitch memory than TD peoplEe Heaton, B Hermelin, & L Pring, 1999; Pamela
Heaton, 2003, 2009)

Tangible user interfaces (T)Jénhance cooperative and associative play sequences in
children with ASC, reducing time and repetitive solitary acegifFarr, Yuill, & Raffle,

1



2010) The Reactables a TUI thatallows the intuitive and collective creation of
complex musical pieceslence, the presestudyinvestigatestte Reactabl®ecauset

is a tangible tool in addition to being a musicatioment,and it has previously been
tested in typically developing children returning positigsults

The objectives of this research are:

1. Creatingan exploratory study about musical TUI and the acquisitbrsocial
abilities and gint attention n children with ASC.

2. Tesing the Reactable aspossible tool for improving social competence in children
with ASC.

The first part of this report elaborates on the theoretical concepts of Autism Spectrum
Condition,which support and give meaning to tlevelopment of researchhe second
sectionexplains the methodology used to achiéweresearch goals armtkscribeghe
design of theexperimentin detail. The third chapter reports the statistical results of the
analysis of 100% of video recorded iretBxperiments, as well as qualitative results of
the children who participated in the samplhich showed moralissimilar results
aimed atfuture studiesFinally, the results of quantitative and qualitative analgses
discussed to then describe the pential implications ina theoetical level and
recommendations for future studies

1.2 Background

This chapter descris¢he theoretical framewortif this researchlhe reality of research
around Autism Spectrum Condition, and the theoretical perspdotinewhichASC is
focused in this researd@re reviewedFollowing, theimportance in the development of
children with ASC in the absence mfint attention skills and social competenceare
describedFinally, the report will focus on how the qualitativelifferent use of objects
and thespecial abilityfor music that children with ASGave, allowthe development of
interventions that facilitate the acquisition of the variables of JA and SC.

a) TheReality of Autism Spectrum Condition (AS®esearch

Since leo Kannetfs first descriptioron the characteristics af "new" children'sdisease
in 1943 much has beeresearche@boutautismwithout evenreachinga consensus on
its causes andits specific characteristicswhich differentiate it from cognitive
impairments. The foundational paper'Autistic disturbanceof affective contact”
(Kanner, 1943)dentifies threevariablesrelated to qualitative developmettiat define
autistic behaviar disordersin social relationshipsdisorders incommunicationand
symbolic lalguage,and insistence omvariance German researchétansAspergerin
his article "Autistic psychopathy in childhood" (Asperger, 19441991) adds to

K a n n edesoription: strange communicative patterns (prosodic and pragmatic
anomaliey obsessive&eompusive character and tendency to be guided by
uncontrollableinner impulses.These last two definitions are widely used in the
diagnosis of autism by health professionalsus, theDiagnosticand Statistical Manual
of Mental DisorderslV-TR (DSM-IV) (American Psychiatric Association, 2000)
i ncl ud e sthréeaimension® fer the detectioh people withAutistic disorder,
while the characteristiadefinedby H. Aspergerare included imAsperger'slisorder.

2



1 The Pervase Developmental Disorders

The Pervase development disorders (PDDglong, according t®SM 1V, to the
category of communication disorderdccording to the manual of thé&merican
Psychiatric AssociatigrPDD are divided in up to five categoriés addition to Autistic

disorder (se@able 1), also known as classic autisitihe other development disorders

included areRett'sdisorder,the childhooddisintegrativedisorder Asperger'sdisorder
and the pervasivedevelopmental d@der not otherwise specified (including atypical
autis). Those categoriesare not static andshould not be considereds a fixed
frameworkfor diagnosis.

Diagnostic Criteria for 299.00 Autistic Disorder

[) A total of six (or more) items from (A), (B), dr(C), with at least two from (A),
and one each from (B) and (C)

(A) qualitative impairment in social interaction, as manifested by at least two
following:

1. marked impairments in the use of multiple nonverbal behaviors such-a
to-eye gaze, faciabg@ression, body posture, and gestureetulate social
interaction

2. failure to develop peer relationships approgeriat developmental level

3. a lack of spontaneous seeking to share enjoyment, interests, or achiey|
with other people, (e.g., by a lackshowing, bringing, or pointing out
objects dinterest to other people)

4. lack of social or emotional reciprocity ( note: in the description, it gives
following as examples: not actively participating in simple social play o
games, preferring solitam@ctivities, or involving others in activities only a
tools or "mechanical” aids )

(B) qualitative impairments in communication as manifested by at least one o
following:

1. delay in, or total lack of, the development of spoken language (not
accompaniedby an attempt to compensate through alternative modes o
communication such as gesture or mime)

2. inindividuals with adequate speech, marked impairment in the ability t
initiate or sustain a conversation with others

3. stereotyped and repetitive use of lamggiar idiosyncratic language

4. lack of varied, spontaneous malelieve play or social imitative play
appropriate to developmental level

(C) restricted repetitive and stereotyped patterns of behavior, interests and
activities, as manifested by at least twoha following:
1. encompassing preoccupation with one or more stereotyped and restric

patterns of interest that is abnormal either in intensity or focus
2. apparently inflexible adherence to specific, nonfunctional routines or rit
3. stereotyped and repetié motor mannerisms (e.g. hand or finger flappin
twisting, or complex whoksody movements)
4. persistent preoccupation with parts of objects




II) Delays or abnormal functioning in at least one of the following areas, with ons
prior to age 3 years:

(A) socialinteraction
(B) languageas used in social communication
(C) symbolic or imaginative play

[II) The disturbance is not better accounted for by Rett's Disorder or Childhood
Disintegrative Disorder

Table 1: Diagnostic criteria for autistic disorder in the DSM-IV

If a line wasdrawn torepresenthe variougpervasive developmental disordews/ering
the wholeautism spectrurmat one enaf the spectrum would lay R&tdisorder.Retts
disorderis a genetic disease mutation on chromosom¥. Associated to mental
retardation in females, it shows from the sikththe eighthmonth of agemanifesting
with the absence ofunctionalhands movements, thegradually with loss of speech,
and the developing of microephalic, autism, ataxia, interngttt hyperventilation and
stereotypic hand movemer{gmir et al., 1999)

At the other end of the spectrum li&sperger syndromeAlthough there is an ongoing
debate about whie¢r or not it should be included in the Autistic disorder spectrum, it is
considereda separate disorder where the main difference is, people Agplerger
syndromedo not have mental retardation, IQ is within or even above the average of the
population wih normal development and there is no significant delay in the acquisition
or the use of language. Howevtre useof language showsome abnormalitieselated

to its pragmatic useincluding for exampldifficulty in understandingmetaphors or
subtext(Rundblad & Annaz, 2010)r their language being too correct and formal,
creating distance with their conversation partrf¥i@nderbruggen et al., 2010)

Between the two ends of the spectrum, childhood disintegrative disorder and pervasive
developmental disorder not otherwise specified (including atypical autism) can be
found. The childhood disintegrative disorder is characterized by setbackin the
developmenof the childafter the two yearsf age.This setbacknust happen in two of

the following five areas:expressive and receptive languagecial skills, sphincter
control, lackof play andmotor skills.It is worth noting thathere is aspecific category
within the autism spectrunthat enclosesll casesthat are difficult todiagnose,as
explainsthe DSM-IV, named Rrvasivedevelopmental disorderot otherwisespecified
(including atypical autisn). This category leaves evidence of the complexity of ASC
diagnosis:

This category should be used when there is a severe and pervasive impairment
in the development of reciprocal social interaction or verbal and nonverbal
communication skills, or when stereotyped behaviour, interests and activities
are present, liuhe criteria are not met for a specific Pervasive Developmental
Disorder, Schizotypal Personality Disorder or Avoidant Personality Disorder.
For example, this category includes 'atypical autism' presentations that do not
meet the criteria for Autistic Border because of late age of onset, atypical
symptomatology, or suthreshold symptomatology, or all of theg&merican
Psychiatric Association, 2000.84).



1 The Autism Spectrum

The autism spectrum as temasfirst coinedin the study'Severempairments of social
interactionand associatedbnormalitiesin children: Epidemiology anctlassification”
(L Wing & J Gould, 1979)The result othis research showed thetistic traitsare not
only unique topeople withdevelopmental disordehut are also found in individuals
who havesufferedgeneticor metabolic alterationgepilepsyin infancy, etc According
to Wing & Gould,there are four variatiors the autistic spectrum

1. Disruption insocialrecognition capabilities.

2. Disorder insocialcommunication skillsincluding lack ofproto-declarativeand
joint attention(S BaronCohen, Allen, & Gillberg, 1992)

3. Disordersin the skills of imagination andsocial understandingincluding
difficulty in understandingnonverbal languageand metaphorgRundblad &
Annaz, 2010)

4. Repetitive patternef activity.

Furthermore otherinternal and externalariablesexist that influenceéhe expression of
thesevariationsof the autistic spectrum. The internal variables are:
1. Intelligence quotient (IQ)does the atient have low IQ and mental retardation?
Individualswith ASC may havemoderate or sevemental retardation60% of
cases havan IQbelow 50pointsout of 100
2. The patient's gender: for every éases of autisnonly one is a woman not
countingRetts syndrome, whictonly affects women
3. The patientdos age.

Important external variables would be:
1. The type of treatment (behavioral, affective, physiologic).
2. The involvement othe family: there is evidendgatthe involvement o§iblings
helps toimprove social competencef children withautism (Bass & Mulick,
2007)

In order to determine the level atype ofautism typeof a person withASC, tables of
diagnosis andreatment with up to twelvareasof development, eachvith its own
gradatiors to cover thdotal ASC, are usedRiviere, 2001)In Fig. 1, a summary of the
different types of PDD is shown, giving evidence of the complexity in the diagnosis of
the total autism spectrum.

impairments in social,
communicative and imaginative

development
Rett’s Childhood Classical High functional Asperger Syndrome
syndrome  disintegrative Autism Autism

disorder

Autism Spectrum Condition
Fig. 1: The Autism Spectrum Condition



To better understand the differences between people with typical development (TD) and
individuals with ASC, it is necessary to dwell on the description of the autistic disorder
by the DSMIV. This bookuses theecurrent word' qualitativeé' (seeTablel), referred

to an intrinsic characteristic of thgervasive developmentalisorder so there are
differences between this kind of children and TD children goabeyonda delay in
developnent classified asnormal. As explained byrheo Peetersthese qualitative
differencesare profound and determining featuthat structurebeing autistici Wh e n
we saythat people withautism have alifferent cognitivestyle, wesimply meanthat
their brans processnformation differently They Isten,feel and seebut their brains
use that informatio i f f e (Peetets,|2908. 15). To illustrate thisdea, Wing &
Go u | (198% research should be observétis study compare@ populationwith
retardation orabnormalitiesbut withoutautistic traits(more than half of whom were
severely retarded) and@mparison groupf mentally retarded childrewith autism
The results showethat 77percentof children withmentalretardationplayed fiction
games however99 percentf childrenwith autismdid not. Consequentlythese results
indicatethat autismis nota problemrelated to cognitive retardation, but to a different
development of cognition. The differences are not only found in processingeatichg
social informationbut also90 percent of people with ASC have different perceptual
abilities than typically developing populatigheekam, Nieto, Libby, Wing, & Gould,
2007) For instancethey may have aisual acuity aboveaveragecompared to that of
birds of prey (E. Ashwin, C. Ashwin, Rhydderch, Howells, & Simon Bai®©ahen,
2009) or in the auditory systerbetter memoryand tone processingpilities (Pamela
Heaton, 2003; Mottron, | Peretz, & édard, 2000) Therefore, in contragb how the
traditional psychologysees the Autism as a Disordeiithin the scopeof this tresis,
autism will be considereds alife condition andcorsequently, it will be studied from a
cognitive perspective.

1 Cognitive Theories about ASC

In the history of the developmerf theoryabout the causes tre innate characteristics

of autism,three are thenost extensively studiedognitive theories One of the most
widespreads "The theory oimind-blindness (ToM) (Simon BarorCohen et al., 1985)
which describes that peopleith ASC fail in the ability to attributemental states to
others BaronCohen, Leslie,and Frith (1985) found that 80 percent of study
participantswere unable tcsolve testsrelated to theattribution of mental states to
people ("Ithink he thinks'). If indeed, the lack of this ability was the most striking
feature of autism, where does the remagn20 percent that were able to pass the test
stand? With the intention to prove that even people Agjherger syndromevould not

be able to pass the ToM tests, Baf@when crated a new test based on a second level of
attribution of kmehnet atl hisntkast esh e fitl h itnhki sno )
participants with autism failed to pass the t&tBaronCohen, 1989) However,in
subsequent studies in whigispergermopulationwas includedn thesample the results
showedthat 73percent of the sampleassed thdoM teston the second levelf false
belief (Bowler, 1992) This theory has finally been ruled out to explain 100 percent of
ASC cases.

Another of the most widespread theoyid®e Weak Central Coherence (WCC) claims
that people with ASC are characterized by a weakness of lack of global consistency.
This means thaheseindividuals process informatidiocusingon detailsor parts.Thus,
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a persorwith ASC, rather than understanding thbstraction othe conceptbicycle,”
focuseson the details and parts thaiake up the objedHappe, 2005)However,this
theory cannotover the wholautistic spectrumas peoplavith Aspergersyndromeand
high functioningASC peopleare able to grasgomplex abstractionduild structures
and develogoncepts aroundbjects.

As a response tthis theory SimonBaronCohen(2009)attempts taconstruct a theory

of autism from gpositive perspectiveinsteadof focusing onthe shortcomingef this
syndrome seeksspecific features of autism thatight help people with ASC develop
strategies tdetter understand the world. His hypothesis claims that people with ASC,
even norverbalindividuals are not lost into details, as the WCC theory claims, but
rather use these ritual and repetitive behaviors to look for patterns (structures) that allow
themto establish a connection with the world surroundifigis model of tinking is
defined as systemic:

Strong systemizing is a way of explaining the nencial features of autism:
narrow interests; repetitive behaviour; and resistance to change/nsadfemess.

This is because when one systemizes, it is best to keep everything constant, and to
only vary one thing at a tim&@hat way, one can see what might be causing what,
and with repetition one can verify that one gets the very same pattern or quenc
(if p, then q) every time endering the world predictablégSimon BarorCohen, E.
Ashwin, C. Ashwin, Tavassoli, & Chakrabarti, 20@91378).

The empathisingystemising (ES) theorycould explainhow peoplewith 1Q levels
below average, withserious problems otocial communicationand empathy in
contrast havethe ability to developnusical talentsor memorize largamounts of data
(Crane, Linda Pring, Ryder, & Beate Hermelin, 2010)

Neverthelessthe ES theoryis very recent antherefore it is in the process athecking
andtestingto proveif it is most suitabléo explain themysterywhich it is still autism.
Caognitive theoriesthat attempt to explaimautism from aholistic perspective, thas,
attempting todescribewith one single questioall casesn all stages othe life of a
person with autisimhave failedlt is important tounderstandhat eachdifferernt theory
sheds light omra new aspectowardsunderstanding ASCWith no consensus on the
cause®r innateunique characteristiasf the syndromeit is essentiafrom a pragmatic
perspectiveao approach ASC froneducation. Sincél. Asperger(1944),interventions
related to the acquisitioof social skills,independencand languagéave proved their
capacity ofimprovingthe quality of life of people withASC. An early diagnosiand an
appropriate treatmeiait child agecan be the fundamentr a person vih ASC andan
IQ over or equal 50 be able tdboecomendependent(Asperger, 19441991 Riviere
2001; Peeter008

Of all the difficulties in the development of people with ASC, the objective of this thesis
is to study in deptithe acquisition ofoint attention andsocid competenceskills, both
essentiato improve the quality of life of people with ASC. In the next se¢tiba two
concepts and their importance in the life of people with ASC will be described.



T Joint Attention and Autism

The absence ofoint attentionis one of themore complexdeficits and with more
negative consequencesthe developmendf children withASC, since it affectareas
suchas languageplay andsocial interactions. Joint attenti@theability to share with
another persoa common focus tobjects, events angeople.This involves the ability

to obtain, maintainand shift attention Joint attention serves asa referencing tool
through the use omutual gazegfocusing on thesame objectand /or gesturesof
communication suchs pointingshaking his hegatc. Sharing attention on something,
not only helps individuals communicate, but also helps in the development of social
abilities, such as bonding, as weolviewas t aki
when making decisionsFinally, joint attention skills predict future language
developmen{Strauman, 1994; Tomasello & Farrar, 1988)e more relevant variables

of joint attentionand the target behavitiiat are studied in the reseaste: eye contact

with another person, pointing and follgeointing.

For a person witlautism,with deficits injoint attention keeping direct eye contact with
another persoman become greatchallenge.People withtypical development share
large quantitie®f nonverbalemotionsthrougheyecontact interactionf a personwith
autism isunable to interpretis informationor, in its mostsevere degree, to evi&aep
direct visual contact with an objecr a personsheis in a clear communicative
disadvantage compared with a typically developing pefdononly that,but alsowhen
they have notleveloped the ability tpoint andshowinterest inan objecttheytendto
seek attentiofrom an adulthroughyelling or, dternatively, theytakethe person to the
object of interest. The laalkf pointingskills isolatesthe childin their abilityto seeking
attentionfor their needs.There is evidencé¢hat the interventions witlehildren with
ASC with emphasion developinghonverbal communicationskills; help to improve
and promote the developmewtf language andocial skills(Whalen, Schreibman, &
Ingersoll, 2006) That is whythe interventiongocused orjoint attentionimprovement
in children withASC are relevant ithe pursuit ofimproving their qualityof life.

1 Social Competence in childrenith ASC

One of themost significanfeatures of children with ASC is that they lack strategies to
copewith social communication with peers. Even for those adults with autism who have
developed a functional language similar geople with typical develpment (High
Functional Autism andAsperger syndronme understanihg and maintaimg social
communication with peers can be frustratingcause ofthe amount of nowerbal
informationthat is transmitted during interactioNot only this, their rigidity andack

of perspective on the othemportant features in this population, maksocial
developmenmuch more difficultfor people with ASQBurke, Kraut, D. Williams, &
Ave, 2010) For children in preschoageor with a cognitivecapacitythat does not
allow any norverbal communicatiortheir social competensan be made explicit in
the ability to initiate or join sequences of playttwpeers and respond positively to
sequences of turtaking (Mundy et al., P03) The control of turntaking skills is
important ast helps thechild wait andbe attentive tahe needs of otherthus eabling
them to make decision® interact. The anxietygenerated bythe absence of this
variableon the behavioof a child with ASC, makes it difficult for the child to interact
with their peers and to develop verbal language sKkilandy, Sigman, Ungerer, &
Sheran, 1986)
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Successful nterventionshave been carried out, such as game therapy namsic
therapy, whichhave shown positive results with an impact on lifeeof the child in
learning sociatompetencand developingoint attention abilitiesThe aim of the next
section is to describe the state of research in these fields, the reagsndlevance to
the development of thistudyandtheinterventiors in which thesareas of intervention
intersect with technology

1.3 State of the Art

a) Music Therapy Applied to ASC

The appreciation ofmusic, in the same way as languaggquires a dedated brain
organization. This includes visugpatial processing, memory, auditory and verbal
processing. Thus, for example, musical processing of pitch and rhythm depend on a
series of operations that involve right auditory cortex, while the extracofionusical

time puts into work more widespread and bilateral neural netwitséibelle Peretz &
Zatorre, 2005)Even if a person suffers from mental retardattbrs does nopreclude

their ability toenjoy musicpr to develop &reative talentPeople withASC, eventhose

with an 1Q below 6Q may be moreable to developmusical language thawerbal
language.

In contrast to whabne might think people withASC, can process fdction to a
musical stimulus, in comparison with the information associated to verbal language or
social behaviofP Heaton et al., 1999F hereis evidence thgbeople withautismhave

better processing andgitch memory than typically developing peoplethis can be
translated as skill in the development of musically related taglgsamela Heaton,
2003; Pamela Heaton, Beate, & Linda Pring,899abelle Peretz, 2002herefore it

can be arguedhat people withASC are preparedo developmusical skillsand to
become involvedh activities whereanusic isa means of communication.

For this research, Brusci aodwsiMusTicerTalper aips
systematigrocess of intervention whetiee therapist helps the client to promote health,

using musical experiences and the relationships that develop through them as dynamic

f or ces dBrusaahl®2dBm 20H Music is a means with a flexible and adaptable

structure, allowing the generation of exchange spaces that can reach all sorts of people
regardless of intellectual or educational level

Juliette Alvinfound three levelsvhere musiccan positively impacthe livesof people
with ASC. Each levelmustbe guidedby the therapisttaking into consideration the
pati ent 6s o0 watrthe samentimawyidingforaing the search foshortterm
objectives These three levels are:
1. Nonrverbal communication: music can satisfy the needs for-veobal
communication.
2. Relationship with the environment: music can allow growing awareness around
the music and human interaction
3. Selfesteem: music may be used to strengtherestdfem andutn into a means
for personal creative expressi@hivin & Warwick, 1992)



When workingwith individuals with ASCthe main purpose is traditionally focused on
the improvement in social interaction abilities. The variableso@ated to this
improvement are eye contact, joint attention, establishing connection with another
person, learning reciprocity and turn takifigopez, 2009) There are twowork
methodologiesn musictherapythathave been used with peoplith ASC:

1. 6 Di al ogui ngnere trerapmst apd patiend communicate through their
musical playBruscia, 1987)

2. Musi cal 6frame workingd where the ther:
structure where t h@Wigranm, 2004 s musi c al pl ay

The structure, predictability and at the same tithegibility found in music, allow
awareness of the needsd intentionsof the other,generated fronan interactionfor
exampletaking turns withthe instruments dby giving a shared meaning the use of
objects The latter might help the person with ASC build a shared order of space and
social interaction.

Far from what one might think people withASC tend to enjoyimprovisational
therapies Nonethelessin order to have a therapy with positive influencein their
learning of social skills, a structurérom which they canstart creating needs to be
generagd, thusencouragingheir creative skill§T Wigram & C Gold, 2006)Studies
conductedwith improvisational music therapyshow an improvement in thgoint
attentionvariablesin preschoolchildren Kim, Wigram & Gold compare an intervention
with game therapfollowing the Early Social Communication Scales (ESCS) protocol,
with an improvisational music therapy intervention. Tae participants of the study
were randomly assigned to each treatment. A group received improvisational music
therapy sessions, aradsecond group received game therapy sessions, with a total of
twelve sessions of thirty minutelSach session idivided into twosections, one witla
structure and the other owmempletely freeln both sessionsthe samgoint attention
variablesare masured(eye contactandturn-taking). The comparative results provide
evidencethat improvisationalmusictherapyimprovesthe acquisition ofoint attention

(Kim, Tony Wigram, & Christian Gold, 2008)

Music therapyappliedto autismhas a traditiorof more than fortyyears.The majority

of studies have bedangitudinalcase studied.ittle research work has been carried out

with largesmp |l es, or i ncluding follow up on the
music therapy, that isgvaluationof whetherimprovements inchildren have been
replicatedsubsequentlyn other areasuchat homeor atschool. Any intervention with
apersonwh auti sm, because of t he s ydedr omeds
adaptation of the childrurthermore, the changes that occur during these periods are
often difficult to measure, due to the complexity of the variables weabl The work

with children wth autism is such complex, music therapy follows the path of adapting

to the child, with his or her own rhythms and emotional needs, as opposed to behavioral
therapies in which structures, objectives and timeframes are imposed by the therapist.
Music therpy, then, stands as a methodology flexible to the child. For this reason, even
though music therapy has shown interesting results in a number of studies, it is difficult

to replicate the methodology of the most interesting studies, or to even evahdige if

music therapy has been the trigger for the child improvergfstordino, Comer, &

Heller, 2007; C Gold, T Wigram, & Elefant, 2006; Simpson & Keen, n d)
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b) Object Interaction an@herapy in ASC Children

Children's interactionvith objectsreflects an understandingf how theseplay asocial
role and/ or functionwithin the worldaround them. Thenanipulation ofobjects the
way objects are accessed and how attention is shared arounghtisgions theself and
the object. Children withASC haw a different developmentegarding the usef
objects. Not only i$ a delay withrespect to the acquisitiaf skills bothfunctionaland
social, but also aqualitative difference in their relationshipwith them. Thus, for
example people withASC havetroublein sortingand classifying object3.his delayin
development cabe overcomgby learninga posteriorimeaning that the learning will
not be intuitive, but instead willneedoutside intervention. From gualitative point of
view, people withASC tend to usebjectsin aritual, repetitive way, withoutunctional
use and oftenobsessive. Additionally, theprefer anapproach toobjects with a
predomination of exploration of through taste, smelland caress (Rowland &
Schweigert, 2009; E. Williams, 2003)he relationshipf typically developing children
with objects,especially in thaise of toysplays an important rola the acquisition of
social and cognitiveskills. Understanding the development afildren with ASC and
their relationship with objectallows focusing th interventions aroungame therapy
and toy use, which can help in the development of social skills.

The use of rewarts present in modtehavioral therapiefocusedon improvingsocial
skills in childrenwith ASC. Although, these interventionshow postive results these
improvementsin behavior often havea short life. One of themost interesting
interventionsdeveloped irthe last ten yeaygelated to théearningof social skills, is
the work of Daniel Legoff. Legoff turnsLEGOO sets intotools for group work in
children withAsperger syndrome artdgh functional ASC children HFASC).This is a
long-range study, conductedon a sample o#7 childrenfor three yearswhere the
sample wasts own controlgroup. Throughoutthesethree yearschildren reeived12
structured session&here each participant haan assigned rol@lirectly aimed the
constructionof complex shapes. The sessiamere composed offroupsof 6 to 7
children, and were directed ltlye same researcher. The geals to trackhe evoluion
of socialcompetence, by measuring the following indicatorgiation of socialcontact
with peers durationof socialinteraction decreasén autisticaloofnessandrigidity. The
results were positivesince it showedn improvement irsocial skilk for all children
outside thecontrolledplaying spaceNevertheless, it ismportant to notéhat only the
first variableimproved inthe first six sessionsf intervention, whereas the remaining
two variables needed a period of almost two yg#tendrix, Herk, Verhaegh, &
Markopoulos, 2009; LeGoff, 2004a; Legoff & Sherman, 2008)e succes®f the
LEGOO therapy has led to testing it atherinterventions focusedn the improvement
of social skills, sah asThe SocialUse of LanguageProgramme QULP). Unhlike the
spontaneityof the learning process witthe LEGOO therapy, SULPis a highly
hierarchical learning tool, witaninflexible curriculum The resultof these studies in a
sample oftwenty children with high functioning autism and Asperger syndrogiee
evidenceof an improvement inautismspecific social interaction scorg&illiam
Autism RatingScale)when the LEG@®@ therapy isapplied for 18 weeks over SULP
therapy(Owens, Granader, Humphrey, & Simon Bafohen, 2008)It is important to
note thatboth interventions weremadewith verbal ASCchildren Theseresults show
evidence that interventions related to play, collaborative work and objects can generate
an improvement in longife acquisition of social competences.
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c) Technology and Social InterventionttviASC Children

People withASC make an extensive usetetthnology as it becomes a filter that allows
them the appropriation of the world from two levels1 one handt allows sorting the
stimuli, generatinga structureghat iseasy to interpretpn the other hand, ibecomes a
perfect mediatothatgenerates thiag required to interpreand communicate, given the
speedof information they receivérom people withtypical developmen(Burke et al.,
2010; el Kaliouby et al., 2006; Konstantinidis et al., 2009; Putnam et al., .2008)
Interventions towards joint attention and social abilities improvement, have used
succesfully technologies such as video modeling, robots, tabletops, tangible user
interfaces (TUI) and virtual reality, amongst oth@®usti, Zancanaro, Gal, & Weiss,
2011; Parsons & Mitchell, 2002; Robins & Dautenhahn, 2010; Robins, Dickerson,
Stribling, & Dautenhahn, 2004)

Tangible user interfaces TUI) are a branch of Human Computénterface (HCI)
technologieghat allow manipulating and transforming digital information thiotige
use of physical objects.

Tangible Bits allows users to "grasp
attention by coupling the bits with everyday pioal objects and architectural
surfaces. Tangible Bits also enables users to be aware of background bits at the
periphery of human perception using ambient display media such as light, sound,
airflow, and water movement in an augmented space. The gdahgfble Bits is

to bridge the gaps between both cyberspace and the physical environment, as well
as the foreground and background of human activiflskii & Ullmer, 1997, p.

1).

The TUIs as a technology have proved to be more accessible and intuitive for young
children compared to other technologies. These icaprove the learning processs

they are more entertainingnd also facilitatecollaborativework processes. In the latter
regard, TUIsallow sharingspacebetween users, increasing the visibility of actions,
enabling the possibility of monitoring
points of access to thateraction generates spaces for a more effective turn taking.
TUIs focused for people with specia¢edsmay promote cdocated cooperative work.
(Boussemart & Giroux, 2007; Hornecker, 2011; Marshall, Rogers, & Hornecker, 2007)

1 Tangible User Interface&pplied to ASC

W. Farr has developed one of the most interesting studies regarding the usebbd tangi
technologies in the improvement of social competenkeshis study,two types of
interventions are compared.EGOO®© therapy and the use of atangible and
programmabletoy called Topob®. Topobo®© is a 3D constructive assembly system
with kinetic memory Children can create dynamic biomorphic forms like animals and
skeletons, and after thagssign them movements throughmanipulation, so that
afterwards, these creaturesn repeathe movementindependently. The result$ the
study, witha sample of i ASC children and six childrenwith typical development
(TD), show that playing with TUI reducessolitary play sequencedacilitating
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collaborative andissociative playFarr, Yuill, & Raffle, 2010; Solos, Parkes, & Ishii,
2004)

91 Musical Tangible User Interfad®pplied to ASC

Within the musical technologies deseyl to help people with various disabilities, those

that have been tested with ASC population will be reviewed. The Soundbeam, an
invisible keyboard expanded, is an ultrasonic beam that sends sound messages each
time the user moves the body or the fingerghe space. This technology has been
tested as therapy in children with ASC for seven years, finding positive results in the
area of social behavior and communication. The research was conducted through
longitudinal case studies and no studies with la@aples exist(Ellis & Leeuwen,

2000)

The Music Cre8tor is an interactive music composition system controlled by motion
sensors, specifically designed for children with disabilities. It is designed for 2 to 4
people to work simultaneouslgnd sound patterns are triggered by body motion. There
are no studies with ASC children published, whereas it is a very configurable system
that allows for a personalized therapy for each kind of disal{iigler & Seldess,
2007)

The Mediated (A Multisensory Environment Design for an Interface between Autistic
and Typical Expressiveness) is an interactive environment that generates real time
stimuli (visual, aural and vibrotactile). This technology was designed for children with
severe autism and no verbal communication. In a study with ninety ASQ@enbal
children, the results show the children do not need external motivation to interact with
the technology(N. Paés et al.,, 2005) Further studiesaround theacquisition of
variables associated witbocial communicationand creativity withnonverbal ASC
children are pending
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2. METHODS

2.1 Design andDevelopmentCriteria and Strategies

a) The Reactable System

The Reactable is a collaborative musical instrument that enables the collective and
intuitive creation of complex musical pieces. As a technology, it belongs to the group of
TUI (Tangibleuser interfaces). Studies have shown the capacity for these types of tools
to promote teamwork in children with typical development. The Reactable was
conceived as an intuitive multiuser instrument, aimed for everyone, capable of allowing
the constructiomf musical pieces in an almost immediate way. The system is a circular
table top (se€ig. 2) where users can interact, both through direct contact with the table,
and through objects called pucks (d&g. 3) grouped in four categories: generators,
sound effect (audio filters), controllers and global objectskeeel).

Fig. 2: The Reactable (TUI)

Fig. 3: Reactable pucks
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Each object category has a set of symbols assigned, that the Reactivision software can
read. For the system to be activated, one of the objects must be placed on the table. The
software reads theysibol by means of an infrared camera, and depending on the
position or proximity to other neighboring pucks, it activates the function of a
determinate symbol (sé€g. 5).
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Fig. 5: Reactable software

b) TheHypothess
This thesis was designed to test the following hypathes

Ha : The col |l aborative use of t he Reactahb
attention.

HO: The improvement of ASC children's joint attention is not related with the
collaborative usefadhe Reactable.

Ha : The coll aborative use of the Reactabl e

HO: The improvement of ASCchildren's social skills is not related with the
collaborative use of the Reactable.
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To test the hypothesis that the collaltime use of the Reactable improves the ASC
chil dr ends gomtcaiteation, thek preseistady wsed @ set of variables to
measure and identify different aspects of both variable acquisitions.

c) Measures

The Early Social Communication ScalesS(ES) (Mundy et al., 2003)and Legoff
(LeGoff, 2004b)parameters for his studies about game and social communication were
used in ABA measurement. To validate these two hypotheses, composite variables were
measured: joint attention and social interaction. These variables were formed by a group
of target behaviors. The behavior of each individual sample was analyzed during the
experiment, in which the duration and frequency of target behaviors were measured.
These target behaviors are important variables for the future development of joint
attention and social interaction in the child.

The Early SociaCommunication Scales (ESTis a structured measure for agerbal
communication skills. This clinical tool uses three categories to classify the skills of a
nonverbal child:
1.Joint Attenti on Behav-vetbal capabiitiéseta sharet o t h e
awareness around an ebj or event.
2. Behavioral Requests: refers to skills in using -werbal behaviors such as
asking for help to obtain objects or events.
3. Social Interaction Behaviors: refdo the capacity of the child to engage in turn
taking interactions with others.

For the purpose of this research, the definition of the variables was based on the
measurement of joint attention and Social interaction behaViaus, to verify the
validity of hypothesisl t he col | aborative use of the Re
joint attentionthe compositevariablejoint attentionwas createqTable 2). The target

behaviors that were used to measure joint attention composite variable were:

Initiation of Joint Attention (1JA):
Low-level behavior (IJAL)
1. Eye contact
a. Description: The child has to make eye contact and alternate it between
the Reactable and the therapist.
b. Type of measure:Frequency and duration.

High-level behavior (IJAH)

1. Pointing:
a. Description: The child must point and make gestures thdicate the
childdés intention to share the exper.i
therapist.

b. Type of measure:Frequency.

Responding to Joint Attention bids (RJA):
1. Respond to pointing
a. Description: RJA refers to the number of times (frequency) in whingh t
child follows the therapistés pointin
b. Type of measure:Frequency
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Composite Target Description

Variables behavior
Eye Eye contact and alternate it | Frequency
contact between the Reactable and | and duration
the therapist
Initiating Joint
Attention T )
(JA) Pointing  Point and make gestures Frequency
Joint that indicate the child’s
Attention intention to share the
experience
Responding to  Respond  Follow the therapist’s Frequency
Joint o pointing gesture correctly.
Attention pointing
(RJA)

Table 2: Coding scheme forjoint attention composite variable

To verify the validity of hypothesis 2, the collaborative use of the Readtapl®ves

ASC childrends soci al skills, the composit
target behavior that was measured for Social interaction ability was based on Initiating
Social Interaction (ISI\LeGoff, 2004b)and Responding to Social Interaction (RSI)

(Mundy et al., 2003) For the scope of this research, Le@oftlescription of Self

initiated social contac was used. I n Legoffds research
competence (SC) in ASC children, the results gave evidence about an improvement in
social skills in both itineraries of the therapy: the long path (12 sessions) and the short

one (6 sessions). é\ertheless, for the short LEGO(c) therapy path the only variable
confirmed was Selinitiated social contact, and this is the reason for this study was
included Finally for ESCS, RSI variable is related to the tendency to initialize turn

taking sequenceg¢Table 3). The target behaviors that were measured for Social
interaction composite variable were:

Initiating Social Interaction (ISI):
1. Selfinitiated social contact:
a. Description: It involves either verbal or nonverbal communica or a
clear attempt to communicate with the therapist. It is not a reciprocal
response to the therapistébés approach.
a. Type of measure Frequency

Responding to Social Interaction (RSI)
2. Turn taking:

a. Description: An event involving a sequence of playingnsialternating
between the child and the therapist. They only will be taken into account
if the kid needs no help with his/her turn taking.

b. Type of measure:Frequency
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Composite Target Description Measure

Variables behavior
Self- Involves either verbal or Frequency
initiated nonverbal communication
Initiating Social ' social or a clear attempt to
- Interaction (ISI)  contact communicate with the
Social therapist.
Interaction
Responding to | Turn taking The kid needs no help with | Frequency
Social | his/her turn taking
Interaction
(RSI)

Table 3: Coding scheme for Social interaction composite varidb

2.2 Experimental Design andSet-Up

a) Participants

Eight boys and two girls aged between 6 and 11 years with an ASC diagnosis, who had
no previous experience in music therapy or play therapy, were recruited over four
months from ERNiu school, AMPANS and éntro CIEL in Barcelona and Manresa
cities (Spain). Parents gave informed consent for their children to be involved in the
study. One of the children,e8yi, has not been taken into account in the Reactable
session analysis, because he suffers from psighekich did not allow him to enjoy

the sessions. Therefore, the total sample analyzed was rseedFig. 6). The
participants had a mean chronological age of 9 years old (age frdh fears old)

when they entered the trialsix@hildren were nofspeaking, another three were verbal
with a varying degree of language skills.
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Recruitment Phase ]

3 children (6- 5 children 3 children 2 children (6-
7 years old) (9-11 years (5-10 years 10 years old)
School: ER- old) School: old) Centro Internet direct
Niu Ampans CIEL connection
. . -1 child got sick -1 child too far
-1 child got sick \I/ o travel

2 children 2 children 1 child

Matching (1Q,
speech impairments,

Autism level
A4 \'4
1 children High 2 children verbal with 6 children non-verbal
Functional ASC classic ASC classic ASC
[ Follow up ]
- - 5 children
[ Video Analysis ] Sessiane:
everyday, 3
[ Qualitative Analysis ] days
: -1 child psychosis
N [ S Al vsls ] and behari‘i};l‘al
i roblems
Lehils 1 child (6 1 child (7 P
Too far to . d e Sample N=9
travel. years o ) yeamo ) P 2 children 4 children
3 Sessions: Sessions: Only non-verbal at all: e :
Sessions: e e N=6 Sessions: Sessions:
once per ;xdery' 2y, :\;ryv ay, once per everyday, 3
week 2ys ays week days

Fig. 6: Recruitment phase forn =9

b) Procedure

A Single subject design was used to validate the two hypotheses. The typégof des
was ABA (Basic Withdrawal). A repeated measures comparison design within subjects
was used. The Amtervention baseline phase (A) was 20 minutes of free play session in
their regular school space. The intervention phase (B) was three sessions guided b
therapist with the Reactable. The frequency of the sessions was once per day for seven
participants, whereas the three remain children had one session per week. This last
group was only able to participate if the intervention once a week, as thaheias t
frequency of assistance to their own educational center. Tirgergention withdrawal

phase (A) was 20 minutes of free play session with the same condition than the no
intervention baseline (sekig. 7). Each child had a pwious personal teminutes
training session with the Reactable. This session was not taken into account for the
results, due to the main characteristics of Autism: changes, new tasks or spaces can turn
out to be very stressful to the child, and each andeds special personalized attention

in the approacho new experiences. During the sessions, each child worked with their
own personal therapist; in all cases, these had Wweeking with the childrenenough

time for participants to feetomfortable To avoid subjective interference, no session

was directed by the researcher. Each therapist had received a-tareatgs training
session with the Reactable prior to the experiments. In total, eight graduated therapists
and two professional graduated muaisidook part in the research team.
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The no-intervention The intervention phase (B) was ['he no-intervention
baseline phase (A) three sessions guided by a withdrawal phase (A)
therapist with the Reactable.

Record 20’

Record 20’

Social Ist 2nd 3rd Social
behaviour at Personal | .| Personal | .| Personal behaviour at
school at play Session Session Session school at play

time time

Fig. 7: Sessions conducted for each subject

Cc) Sessions

Play sessions for six children were conducted during one week, on a daily frequency.
The remaining three children participated during ommth, with sessions every week.
Standardized instructions were given across the three sessions, with the same structure
were conducted for each subject. Each session was programmed for a maximum time of
thirty minutes. Eight participants had an ASD wi@ impairments, ranging from not
speaking at all, to a low level of oral functional communication. For these participants,
the time of the session was flexible, in the sense that if a child started suffering an
anxiety crisis, the therapist then ended tb&s®n. The mean session duration per child
was 20.89 minutes. The structure of the sessions was the followingigs8g

Directed Free activity

activity 15’ 1%

Fig. 8: Session structure

71 Directed activity: The first fifteerminutes were guided by the therapist. The
therapist gave instructions regarding ttmking and interaction with the Reactable.
Her role was to define flexible objectives around takings decision for music
creati on, and additi o aMel ywogikv et oggred ehresr 05 U
turno, Achoose your pieceo.

1 Free activity: the session remaining time was free time for the participant to explore

and initialize interaction with the therapist. In this section, the therapist works as a
facilitator, helpng the child only when it is needed.

d) MusicalMaterial
Two professional musicians composed three songs for each session, which were

randomly assigned to each child. The songs were separated into organized loop pieces:
melody, glitches, cartoon sound®rgeussions, and bass. Those loops were assigned to
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the four Reactable loop objects. Eight of the nine children only worked with four pieces
(loop objects). To avoid the combination of the pieces resulting in an out of tone
melody, the loops were composeadmajor key (C), which would ensure the overall
effect to be eclectic while also pleasant. The samples consisted of various melodic
patterns from a variety of ethnic and orchestral instruments. Each loop was chosen for
its distinctive phrasing, and the bty to blend pleasantly with any other given
loop/loops. All loops were 120bpm, which was considered an appropriately lively
tempo in order to stimulate interest in the given ta8ksiex I, music section, includes

the list of loops that were used duritige sessionsThe three songs created especially

for the experiment are available lttp://www.villafuerte.info/tesis/Anexos/SoundFiles

2.3 ProceduresUsed toObtain Data and Results

All sessions were vide®corded and stored on MiniDV tapes. Eighteen hours were
recorded and one hundred per cent of the video material was subjected to detailed
analysis.

a) QuantitativeTools

VCode software was used for video coding Bee 9), with a coding scheme shown in

Table 2 and Table 3. This software was specially designed for video coding and has

been previously tested in studies with nambal children with ASC(Hailpern,

Karahalios, & Jim Halle, 2009; Hailpern, Karahalios, James Halldydbe¢, & Coletto,

2009) For our research, two researchers analyzed the target behaviors related with joint
attention and social interaction. A total of 108 hours of video analysis (18 h recorded x

6 h analysis) were carried out by each video coder. Mandyd Legof f dés proto
defining what mean the target behaviorsl aneasure definition were uséideGoff,

2004a; Mundy et al., 2003)

il S_2 KEVIN_B

Fig. 9: VCode Interface
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b) QualitativeTools

In addition to the video material recorded for statistical analysis, this research used
qualitative methodological tools. The otijwes for the use of this tool were:

1. Gather qualitative information on the children's behavior to analyze outliers:
information relating to the difficulties in learning new tasks, data on possible
random behavior around work with the Reactable, infoonatbout their
communication needs with others and their ability to explore objects.

2. ldentify behaviors unrelated tot h e studyods target behay
nevertheless provide informatidor future studiesaboutcommunication in non
verbalsubjects.

To achieve these objectives, the following tools were used:

1. Fieldwork (Ethnography): Extra information was coded in video analysis (about
speaking or noiwverbal communication when the child needed help, felt
frustrated or was enjoying the Reactable).

2. In-depth interviewing: Extra information about children was collected through
an interview with their own therapist.
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3. RESULTS

The totality of the recorded material was analyzed in order to elaborate the research
results. Each subject went through a tofdiive sessions, two sessions of social play in

a family and peer environment (§Bsession baseline and SWsession withdrawal)

and three intervention sessions with the Reactable (T1, T2 and T3). Five video pieces
were recorded for each subject. Witkaanple of nine subjects, a total of 45 pieces were
analyzed with VCode software. The analysis was carried out by two raters. The results
of the statistical analysis and valuéw interrater agreement are reported in the
quantitative analysis sectioim addition to the data collected through video analysis and
subsequent statistical test s, 9 interviews
recording a total of X minutes. Additionally, the primary observer took notes on the
behavior of the sampleudng the experiments. The results of the five children with
more dissimilar behaviors are reported in the single subject analysis section.

3.1 Quantitative Analysis

Analyses for composite variables (joint attention, social interaction), as well as for the
individual variables, were conducted for all subjects and for thevadral subjects

group. The analysis was based on the data gathered by the primary observer, although
inter-rater reliability tests were carried out to compare the measurements of both
observers. Two separate tests were conductededeh group and target behavio
intervention sessions analysis (session 1, session 2 and session 3), and baseline vs.
withdrawal comparison.

ShapireWilk tests were conducted to evaluate normality for easmhbination of

session and variable. Repeated measures analysis of variance tests were conducted for
intervention sessions in which data was found normally distributed, whereasngn

tests were conducted fartervention sessions with ngrormal distribéions. Baseline

vs. withdrawal sessions were compared with Wilcoxon sigaek tests, as the data

was not normally distributed.

a) JointAttention

The objective of measuring the composite variable joint attention is to verify the
validity of the first hypothesis:

Ha: The collaborative use of the Reactable improves children with ASC’s joint
attention.

The improvement of joint attention, calculated as the sum of eye contact frequency,

pointing and respond to pointing, was tested for all 9 subjects,eqadladely for the 6
nonverbal subjects.
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1 All Subjects

Reactable sessions analysis

A Friedman test was conducted to evaluate the effeitte Reactable sessions (session

1. Mdn = 25.33, session Aidn = 37.94, session 3dn = 76.01) on joint attentio for

all subjects (N = 9). 2@®hNe=9 288pwa®36, not si
indicating the median for joint attention did not differ significantly among sessions.

Baseline vs. withdrawal

A Wilcoxon signedranks test was conducted to evaludie difference in medianfor
joint attention between baselinkldn = 16.00) and withdrawaMdn = 13.14) sessions
for all subjectdN = 9). The test was not significard,= -0.14,p = .889, indicating the
median for joint attention did not differ sigraéintly among sessions.

These results indicate thida hypothesis is rejectedand hence according to the tests,
the improvement of ASC children's joint attention is not related with the collaborative
use of the Reactable.

1 Non-VerbalSubjects

Reactable gssions analysis

An ANOVA repeated measures was conducted to evaluate the effect of the
collaborative use of the Reactable on joint attention forvesbal subjects (N = 6)
(session 1M = 59.89,SD = 59.22, session M = 59.26,SD = 40.55, session 3 =
84.58,SD=50.14). The test was not significaR{2,10) = 1.40p = .292, indicating the
mean values for joint attention did not increase significantly with Reactable session
time.

Baseline vs. withdrawal

A Wilcoxon signedranks test was conducted @galuate the difference in medsafor
joint attention between baselinkldn = 16.08) and withdrawaMdn = 10.58) sessions
for nonverbal subject§N = 6). The test was not significant, = -0.524,p = .600,
indicating the median for joint attention didtrdiffer significantly among sessions.

These results indicate thida hypothesis is rejectedand hence according to the tests,

the improvement of ASC children's joint attention is not related with the collaborative
use of the Reactable.

1 Results forFirst Hypothesis

Results for hypothesisfhe collaborative use of the Reactable improves children
with ASC’s joint attention.

Therefore, after the analysis of both groups (all subjects andserbal subjects),

hypot hesi s fiThe ¢ ol &bk mproved children withsASC jdint t he R«
attention for all subjectsandnener bal subjectso is rejected.
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b) Social Interaction

The objective of measuring the composite variable social interaction is to verify the
validity of the second hypothesis:

Ha:The coll aborative use of t he Reactabl e

The improvement of social interaction, calculated as the sum otakimg and self
initiated social contact, was tested for all 9 subjects, and separately for thevérbah
subjects.

1 All Subjects

Reactable sessions analysis

An ANOVA repeated measures was conducted to evaluate the effect of the
collaborative use of the Reactable on social interaction for all subjects. The test was
significant,F(2,16) = 5.36p = .017.

Post hoc tests using the Bonferroni correction revealed #wtial interaction
increasedbetween session (M = 33.78,SD= 20.93)and session M = 48.49,SD=
21.20),p = .046. There was no significant difference in social interaction between
sessions 1 ah2 (session 2V = 39.12,SD = 22.28),p = .824, or between sessions 2
and 3,p = .180 fig. 10).

Social interaction during the intervention

100,0000

24

80,0000

47 I

40,0000 l

20,0000

Social Interaction

,0000 T T
T T2 T3

Session

Fig. 10: Frequency of the composite variable social interaction for all subjects.
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These results indicatthatHa hypothesis is confirmed the collaborative use of the
Reactabl e i mpr osoeia skilsSdL all suibjedtsdmthenrih@ fReactable
session.

Baseline vs. withdrawal

A Wilcoxon signeeranks test was conducted to evaluate the differemeeedias for
social interaction between baselimddn = 6.00) and withdrawalMdn = 4.67) sessions
for all subjectsThe test was not significard,= -0.77,p = .441, indicating the median
for social interactiondid not differ significantly between base and withdrawal
sessions.

Social interactionfor all subjects
60

o //

30

20

10 *

Social Interaction mean values

Baseline T1 T2 T3 Withdrawal
Session

Fig. 11 Frequency for socal interaction variable, comparing SB and SW vs. Reactable sessigris
=9

1 Non-VerbalSubjects

Reactable sessions analysis

An ANOVA repeated measures was conducted toluata the effect of the
collaborative use of the Reactable on social interaction fowvedrmal subjects. The test
results show marginal significance F(2,10) = 3.31,p = .079. The mean values
obtained for each session are: sessi@d £ 30.05,SD= 20.40Q, session ZM = 32.49,

SD= 23.84) and session 81(= 43.78,SD = 20.59). Note that the sample in this case
includes only 6 subjects, which could mean the sample is too small to obtain statistical
significance at the < .05 level.

Post hoc tests usirtge Bonferroni correction revealed that the mean social interaction

values did not differ significantly between sessigns (L for sessions 1 and g= .24
for sessions 1 and B,= .24 for sessions 2 and 3).
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Social Interaction

Social interaction during the intervention
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Session

Fig. 12 Frequency of the composite variable social interaction for norverbal subjects.

Baseline vs. withdrawal

A Wilcoxon signeeranks test was conducted to evaluate the difference in nseftian
social interaction between baselifddh = 2.09) and withdrawalMdn = 3.45)sessions
for nonverbalsubjectsThe test was not significard,= -0.524,p = .600, indicating the

median for social interactiondid not differ significantly between baseline and
withdrawal sessions.

1 Results foiSecondHypothesis

Results for hypothess 2: The collaborative use of the Reactable improves ASC
childrenos

intervention.

soci al skill, i s

c) The TurnTaking TargetBehavior

Individual variable analyses were conducted for the Rblctessions, and for baseline

conf i

r med

on |

vs. withdrawal comparison. The only individual variable that presented statistically
significant positive results was tutaking.

1 All Subjects

Reactable sessions analysis
An ANOVA repeated measures was conducted to eimlube effect of the

collaborative use of the Reactable on ttaking for all subjects. The test was

significant,F(2,16) = 7.16p = .006.

Pairwise comparison post hoc tests with Bonferroni correction were conduiated.
taking increasedfrom session (M = 28.76,SD = 16.80)to session 3M = 42.69,SD
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= 16.59),p = .047. Turntaking increased as weitom session 2(M = 32.18,SD =
16.61)to session IM = 42.69,SD= 16.59),p = .019. There was no significant increase
from session 1 to session 2.

Turn-taking during the intervention

80,0000

24

15
60,0000

Turn-taking

v
40,0000 J_

20,0000

,0000 T T T

Session

Fig. 13 Frequency of the turn-taking target behavior for all subjects.

Therefore, the increment between session 1 and session 3 is significanpe=wi7
and between session 2 and session 3 pvith019

Baseline vs. withdawal

A Wilcoxon signeeranks test was conducted to evaluate the difference in nseftian
turntaking between baselin®¢in= 1.00) and withdrawalMdn = 0.00) sessions for all
subjects.The test was not significanZ, = -0.21, p = .833, indicating the méah for
turntaking did not differ significantly between baseline and withdrawal sessions. See
Fig. 14 for the increase of turtaking during the Reactable sessions, compared to the
baseline and withdrawal sessions.
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Turn taking for all subjects
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Fig. 14: Evolution of frequency between SB and SW vs. the Reactable sessions

1 Non-VerbalSubjects

Reactable sessions analysis

An ANOVA repeated measures were conducted to evaluate the effect of the
collaborative use of the Reactable on ttaking for nonverbal subjects. The test
results show marginal significance F(2,10) = 3.75,p = .061. The mean values
obtained for each session are: sessi@d £ 26.59,SD= 17.83), session @M = 26.04,

SD = 14.86) and session 81(= 38.27,SD = 16.25).Note that the sample in this case
includes only 6 subjects, which could mean the sample is too small to obtain statistical
significance at the < .05 level.

Pairwise comparison post hoc tests with Bonferroni correction were conduiated.
taking increasedfrom session 2M = 26.04,SD = 14.86)to session 3M = 38.27,SD

= 16.25)with marginal significance, p = .082. There was no significant difference
from session 1 to session®; 1, or session 1 to sessiornp3; .336.
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Turn-taking during the intervention
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Fig. 15: Frequency of the turn-taking target behavior for n=6 inside the Reactable sessions

Baseline vs. withdrawal

A Wilcoxon signeeranks test was conducted to evaluate the difference in nseftian
turntaking between baselindfin = 1.59) and withdrawalMdn = 1.00) sessions for
nonverbal subjects.The test was not significanf, = -0.542,p = .588, indicating the
median forturntaking did not differ significantly between baseline and withdrawal

sessions.

Thus, we can report that the acquisition bk ttarget behavior improves during
Reactable sessions for all subjects with= .019, and for nowerbal subjects, the
increase between sessions is marginally significantp#th082.

The complete data and tests for all variables can be found in Annex |

d) Inter-RaterAgreement

Intraclass correlation coefficients (ICC) were used to determine levels of agreement in
perception of behavior between the two raters (primary and secondary), who analyzed
all videorecorded session#CC tests were conducted feach target behavior, using

the twoway random effects model single measure reliability (agreement), ICC (2,1)
(Cicchetti & Rourke, 2004)
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N SociallnteractionVariables

For turn -taking, the level of agreement was found to be good during the Reactable
sessions (ICC level 0.69), and excetléor baseline and withdrawal sessions (0.91). For
self-initiated social contact the level of agreement was found to be good during the
Reactable sessions (0.63), and fair for baseline and withdrawal sessions (0.42).

9 JointAttentionVariables

For eyecontact frequency, the level of agreement was found to be excellent during the
Reactable sessions (0.95), and fair for baseline and withdrawal sessions (0.46). For
pointing, the level of agreement was found to be poor during the Reactable sessions
(ICC levd 0.21), and good for baseline and withdrawal sessions (0.63)esmond-to-
pointing, the level of agreement was found to be fair during the Reactable sessions
(ICC level 0.44), and very poor for baseline and withdrawal sessi@Ads).

3.2 Single SubjectResults

a) Subject 1.S1(11 years old)

S1 has ASC and is fully neverbal. Evenif she islearning to use the word "YesShe

has no functional or symbolic language that allows her to communicate. Tutors consider
S1 to have the cognitive capacities to élep some sort of communication; however,
she is still in a learning process. S1 has not developed play skills with other children,
and does not explore toys or people out of her own initiative. In the video analyzed
during the initial play sessioffrig. 16), S1keeps working in solitary activities, without
paying attentionto any of the other tw@resentchildren Tutors report she suffers
anxiety symptoms when facing random objects, turning the introduction of new
activities unpedictable, and very often leading to sejure. This makes teachers work
very slowly with her, requiring extra time and resources to initiate any type of new
activity.

Fig. 16: Slis playing alone during the SB session

Interview with the therapist

00:05:24

RnShe takes your hand, i f s higshewamdtego oo met hi |
the bathroomo[ .. .]

00:05:47
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Always the same routindhes ame behavi or. When she canéo

do, that Otsarwhse nhisthtei nsgy hersel f.[...] She
point.
00:06:35
Awhat she verbalizes is the frustration.

During the interventions, S1 went from selfuring out of anxiety, to enjoying the
experience, by notably improving her joattention and social interaction skills. Firg.

17, significant improvements between session T1 and T3 during the Reactable
intervention can be observed. The chart shows an evolution irtaking and self
initiated social coract (SISC) with #22.63% and60.76% improvement, respectively.

On the other hand, in variables related with joint attention, the improvement exists only
in the pointing variablé159 %). No improvement exists in respetmpointing, and a
decrease in eyeontact frequency was observed.

140

120 \\
100 \\
30 =—¢==Fye Contact Freq.
\ =l P0inting
60
Turn Taking
40
/x\ﬂ( ====Respond to Pointing
20 x ——Self-nitiated Social
A C[)nt_
0 —il-

T1 T2 T3
During Intervention sessions

Fig. 17: Subject 1, improvement in all target behavior within the Reactable sessions

It is important to report that S1 uses eye contact during sessions 1 and 2, to show her
anxiety to the therasgi, just before she starts to silfure (Fig. 18). This behavior was
reduced from Session 1 to Session 3 inside the Reactable sessions, and S1 improved her
social behavior with the Reactable. Another observed behavior isntiauza use of

objects in the following way: the child touches the pucks with her face, to later share
them with the therapigfFig. 19).

Fig. 18 S1 in an anxiety moment
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Fig. 19: S1during session 3with the Reactable

Fig. 20 shows &66 % improvement in Sl variable during sessions out of the Reactable.

It is interesting to note that after the analysis of the video material foirgestention

(SW), S1 shows a behavior previously undetected by therapists: the child initiates turn
taking sessions with another child through a musical toy. This behavior was also
observed in two other subjects (S2 and S6), reviewed in subsequent sections of the

report.

/I

+=Joint Attention

~

~

-

Baseline Withdrawal

Pre and Post Intervention

=m==S0cial Interaction

Fig. 20: Subject 1,joint attention and social interactionvariables, in baselinevs. withdrawal

b) Subject 2S2(11 years old)

S2 has ASC and is fully nemerbal. She does not have functional nor symbolic
language skills. Duringhe preintervention session, she does not establish any kind of
communication or contact with the other two children sharing her playing space. During
the Reactable sessions, from the beginning, S2 does not show rejection to the new
activity, and shows heintention to explore.The therapist explained during the
interview thatS2 hasa highwillingness to explore objects

00:04:44
iShe

00:06:56

iShe
She

35

explores. She is

cur i

ous about

mani pul

| i kes pflshe dikes tice obyeatt sbe finds it hardIlto control herself.

seeks and explores
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The results of the acquisition of JA and Sl skills for S2 are very suggesting and
encouraging, for an intervention with only three sessions, as she increasesyéer
contact frequency from 1 to 23, tutaking in an82.7%, and pointing in 433 %.
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0 K

T1 T2 T3
During Intervention sessions

Fig. 21: Subject 2, improvement in all target behavior within the Reactable sessions

The video analysis shows that frequency of occurrehtarget behavior for JA and Sl
variables is low compared to other children, however, the difference in behavior
between sessions out of the Reactable play (SB and SW), and the Reactable intervention
is high: 297 % increase for JA and 408 % increase foduBing the intervention
sessions.

Fig. 22 shows the evolution of composite variables SI and JA during the Reactable
sessions.

45
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" /'
25
0/ ——e—Joint Attention

20
15 == Social Interaction
5 - —
0
T1 T2 T3

During Intervention sessions
Fig. 22 Subject 2,joint attention and social interactionvariables, inthe Reactable sessions

The results of the pre and post intervention play sessions show an improvement of JA
and Sl in 8386%and131%respectively [ig. 23).
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Fig. 23: Subject 2,joint attention and social interactionvariables, in baselinevs. withdrawal

Additionally, a spontaneous tutaking sequence with another child playing with a
musical toy can be observed in the post intervention seffsmn 00:22:36,Fig. 24).
This is a new and spontaneous behavior in the child, according to the therapists.

Fig. 24: S2startsa turn-taking sequence with a peer

c) Subject 3S3(11 years old)

S3has ASC and is fully nemerbal. He does not haverfttional language skills, nor

does he elaborate any word, as his therapist reports, he only produces random sounds.
He shows an obsessive behavior with objects, but his main problem is attention deficit.
In tasks in which he shows interest, his theragpbrts an average attention span of 3
minutes. Therapists have tried giving medication to help with this problem, but it has
not been possible. S3 has a predilection and skills for computers, although he cannot use
them as a means of communication. During pre and post intervention sessions, he
only improved in eye contact target behavior by 25%, E8ge25). During these play
sessions, S3 showed interest in other kids, however, he did not participate nor tried to
establish coomunication. On the other hand, during the Reactable sessions, S3, such as
S2, had a significant increase in almost all JA and Sl variables: 330 % increase in turn
taking, 594 % in eye contact, an increase from 1 to 33 in pointing frequency, and even
an improvement in respontb-pointing frequency from 0.8 in the first session to 41.58

in the last session (s&&g. 26).
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Fig. 25: Subject 3, improvement in all target behavior betweemaseline vs. withdrawalsessions
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Fig. 26: Subject 3, improvement in all target behavior within the Reactable sessions

Although S3 has no verbal language skills, during the intervention with the Reactable he
showed a noiverbal communication attempt Wwithe therapist, in an effort to explain to

the therapist the functioning of the Reactable. Such behavior can be observed in session
3,00:22:50 Fig. 27.S36s computer skills allowed him
functioning d the Reactablefig. 28, from 00:04:41 in session 2 show how he explores

the table, while observing the behavidithe laptop connected to it.

Fig. 27. S3working with the Reactable
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Fig. 28 S3 investigatehiow the Reactable works

Finally, the improvement in the composite variables of(1487 %) and SI(343 %)
from session 1 to session 3 of the intervention is encouraging for future interventions
(Fig. 29).

Fig. 29: Subject 3,joint attention and social interactionvariables, in baselinevs. withdrawal

d) Subject 4S54(7 yearsold)

S4 has a diagnosis of pervasive developmental disddassic autism, foDSM-1V).

His languge skills, as his therapist reported, are reduced;funactional and his
communication is not spontaneous. He is learning to recognize letters, and he attends
one day a week at a typically developing children school. S4 has no symbolic play
skills. His therapist reported:

00:05:12
af . .. I have never seen him play with a to!
|l ittle cars game or city game[...]0

During the Reactable Sessions, S4 showed an improvement in target behaviors: 45.07 %
increase in turtaking, 206 % in pointing, 141 % in respetwEpointing (sed-ig. 30).

In the composite variables, the improvement is of 46.11% in joint attention, and 29.78%
in social interaction (sefeig. 31).
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