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ABSTRACT

The work presented in this thesis comprises thewa and evaluation of a pilot quasi-
Randomised Controlled Trial of Reciprocal Imitatibraining (RIT) in an attempt to replicate
previously reported effects of RIT on imitation li&kiin children with autism and an
evaluation of the effect of RIT on brain functioginChildren with autism were randomised
into two groups, Treatment and Wait-List Controhdawere assessed before and after
intervention. Behavioural measures of spontaneadseéicited imitation were used to assess
change in imitation. Event-Related Potentials (ERIRY Electroencephalography (EEG)
techniques were used to index changes in humaonaptocessing as well as global social
and non-social processing. An increase in spontaescial imitation skills was evident in
the Treatment group compared with the Wait-List @angroup. Also, ERP measures
assessing auditory human action processing refledifferences in processing at outcome
between the Treatment and Wait-List Control grdtipwever, no effect of RIT was observed
on global social or non-social neural processinggether, these findings make contributions
towards evaluating the efficacy of RIT as an eamkgrvention program for children with
autism with evidence of an impact on social imatatskills at the behavioural and neural

level.
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CHAPTER 1

LITERATURE REVIEW



INTRODUCTION

Autism Spectrum Disorder is a neurodevelopmentsbrdier characterised by social-
communication difficulties and repetitive stereagp behaviours (DSM-V; American
Psychiatric Association, 2013). Since first desadiby Leo Kanner in 1943, understanding of
autism has grown significantly leading to substantihanges in both diagnosis and treatment
(Blumberg et al., 2013). The term Autism Spectrummoder (ASD) is used as an umbrella
term encompassing the previously recognised diagno§ Pervasive Developmental
Disorders, Autistic disorder, Aspergers’ Syndror@ildhood Disintegrative Disorder and
Pervasive Developmental Disorder — Not OtherwiseecBigd (American Psychiatric
Association, 2013; the terms autism and autism tep@c disorder (ASD) will be used
interchangeably in the text henceforth). Autisnementions have become a prominent strand
of autism research with the growing recognitiontleé highly debilitating effects of the
disorder. As autism is primarily a social and comiation disorder (American Psychiatric
Association, 2013) interventions have mainly focusm the development of social and
communication skills. This thesis focuses on Redal Imitation Training (RIT) a social-
communication intervention that has been demorsirad show effectiveness in improving
social functioning, particularly social imitation.

The first section of the following review focuses Autism Spectrum Disorders and
imitation deficits observed in autism. Autism inentions are discussed subsequently
focusing on RIT as an emerging effective earlyrivgation. The second part of the review
focuses on methods of neuroscience as novel taomifipr understanding the disorder and

evaluating interventions. In this section, sociedgessing in autism and interventions that



have used neuroscientific methods as outcome nmesaswe reviewed. Finally, the rationale

and aims of the thesis and an outline of the sules@qhapters is described.

1.1. AUTISM SPECTRUM DISORDER

Descriptions of autism spectrum disorder (ASD) dagéek to the sixteenth century
when a French physician, Itard, described a boly symptoms of autism (Frith, 1991; Wing,
1997). Autism spectrum disorder, as understoodytodas first described comprehensively
by Leo Kanner in 1943 with detailed descriptionsdeficits in social and communication
skills, repetitive behaviours, the desire for saessnand ‘special interests’. Since these early
descriptions, changes in the definition of autisnsued, the spectrum of autism-related
difficulties has been recognised and interventiansl treatment practices have changed
considerably (Volkmar & McPartland, 2014).

The current prevalence rates for autism vary batwlea 68 to 1 in 160 in the general
population (Blumberg et al., 2013; Centre for DgeaControl and Prevention, 2014;
Elsabbagah et al., 2012). Diagnosis is five timesenlikely in boys than girls (Centre for
Disease Control and Prevention, 2014) and althoagé of diagnosis varies, evidence
suggests that the earliest signs of autism emestyeelen 12 and 18 months (Zwaigenbaum,
Bryson, & Garon, 2013).

There is substantial variability in the symptomatyl observed across individuals and
it is now considered that symptoms fall on a canim (American Psychiatric Association,
2013). Furthermore, autism is often accompaniedctymorbid disorders, with sensory
processing difficulties and intellectual disabildging the most common. Approximately 80%
prevalence of sensory difficulties (Ben-Sassor.eP809) and 31% prevalence of intellectual

disability are estimated in children with autisme(@re for Disease Control and Prevention,



2014). Attention deficits (Hanson et al., 2013)xiaty disorders (Van Steensel, Bogel, &
Perrin, 2011) and depression (Stewart, BarnardisBeaHasan, & O’Brien, 2006) are also
co-morbid disorders diagnosed in adolescence amithadd (Simonoff et al., 2008).

Many theories of the aetiology of autism have aptesd to explain the disorder and in
the process have also informed intervention prastic/arious neurobiological theories
focusing on brain mechanisms have been proposégh @hd colleagues (2014) and Leekam
(2016) have comprehensively classified the thedradsnging to four overarching strands: 1)
the ‘social brain’ hypotheses, including socialeating and social motivation theories of
autism, 2) domain-general theories, including thecative function and weak central
coherence accounts of non-social symptoms in au3rdomain-specific theories, primarily
including the theory of mind hypothesis and the takzing accounts, and 4) the theory of
brain-wide neural impairments, including the corivly accounts (see Gliga, Jones,
Bedford, Charman, & Johnson, 2014; Leekam, 201@ f@view). The work presented in this
thesis is based largely on the ‘social brain’ hjxeses and therefore this is the focus of the

review.

1.1.1. ‘Social Brain’ Hypothesis

This hypothesis is based on the premise that tlsege network of brain structures
associated with processing of social informatiod perception and it is the dysfunctions seen
in this network that lead to symptoms observeduitisen (Pelphrey, Shultz, Hudac, & Vander

Wyk, 2011).



1.1.1.1. Social Motivation Theory

According to this account, core impairments in smtilie in social motivation in
infancy, and are responsible for secondary impaitméDawson, 2008; Dawson, Webb, &
McPartland, 2005; Dawson, Webb, Wijsman, et alQ5)0The social motivation theory is
based on the premise that motivation deficits rmveffect on social cognition and therefore,
the behavioural deficits in autism are the restithi tack of social interest (Chevallier, Kohls,
Troiani, Brodkin, & Schultz, 2012). Deficits in miéastations of social motivation - social
orienting and attention, social rewards, and satiaintaining have been found in both the
behavioural and neuropsychological literature, plog support for this hypothesis
(Chevallier et al., 2012; Dawson, 2008). Additidpaintervention research has shown that an
increase in social orienting behaviours, sociardibn and social synchrony results in better
prognosis in early childhood development for claldat-risk as well as those diagnosed with
autism (Sullivan, Stone, & Dawson, 2014). Howewaridence regarding the direction of
postulated causal direction, that is, whether $onmtivation is impaired due to early social
cognitive impairments or whether social cognitiveficits are a result of lack of social
motivation, is mixed. Some early studies of infagtsisk for autism have found intact social
processing while others have found increased sattetion. Therefore, although most of the
literature in children and adults supports thisotlge little conclusive evidence is available
from infant research (Gliga et al., 2014). Alsasttheory fails to account for all aspects of
autism, such as the non-social difficulties, andsdoot answer questions around the impact of
social motivation on learning non-social skills.rffermore, it does not address the wide
range of individual profiles seen in autism or tmepact of age on social motivation
(Chevallier et al.,, 2012). Finally, co-morbidities strengths often associated with the

disorder are not accounted for within this framdw@hevallier et al., 2012).



One early childhood skill that is strongly relatedsocial motivation is imitation. Social
motivation is argued to drive typically developingildren to imitate partners (see Over &
Carpenter, 2013) and imitation skill deficits aleserved in autism early in life. According to
the social motivation theory, lack of social motiga early in life accounts for imitation

deficits observed in autism (Van Etten & Carver] 20

1.1.2. Imitation Skills

Impairments in imitation in children with autismvgabeen observed as early as 12
months (Rogers, Young, Cook, Giolzetti, & Ozon@08; Wallace & Rogers, 2010; Young
et al., 2011) and are associated with later s@moalmunicative development (Bloom, Hood,
& Lightbown, 1974; Byrne & Russon, 1998; Charmanakf 2000; Charman et al., 1997;
Rogers & Williams, 2006; Williams, Whiten, & Singl2004). There is also evidence of
imitation-related impairments in brain responsed arechanisms (Bernier, Dawson, Webb,
& Murias, 2007; Oberman et al., 2005; Williams &t 8004; Vivanti & Hamilton, 2014).
Importantly, imitation has been a focus of intetu@m and a backdrop for future skill

development.

1.1.21. Imitation in Typical Development

It has been suggested that newborns as old ad+tpurs can imitate an adult’s facial
movements successfully (e.g. Meltzoff & Moore, 3p8However, a study by Heimann
(1998) highlighted that there was no significaratienship between neonatal imitation and
imitation at 12 months, and instead imitation skit 3 months were correlated to imitation at
12 months (Rogers, 2006). It is believed that atmnimitation may involve sub-cortical

mechanisms in the brain while imitation at 12 menthay be controlled by more cortical,



complex mechanisms (Meltzoff & Decety, 2003). Tlevelopmental sequence of imitation
has yet to be determined with longitudinal studieg reviews suggest that oral-facial
movement imitation may develop first followed byjedi and then goal-directed imitation
(Sevlever & Gillis, 2010). A major criticism of neatal imitation studies relates to the
authenticity of imitative responses by the infaribgt is, the responses are proposed to be
examples of mimicry rather than true imitation (Bg 2006). It therefore becomes

important to distinguish the various kinds of camybehaviour seen in infants and children.

1.1.2.1.1. Definition of Imitation

Facets of imitation have been described as: stisnahhancement, emulation, true or
insightful imitation, and mimicry or automatic iratton (Sevlever & Gillis, 2010; Vivanti &
Hamilton, 2014; Want & Harris, 2002). Stimulus enb@ament is any action that directs
attention to an object which was previously notmadied to, thereby increasing the probability
of the observer performing the action (Sevlever #lis; 2010; Vivanti & Hamilton, 2014).
Emulation involves reproduction of the goals ofaation but not the means used to achieve
the goals (Heyes, 2001; Vivanti & Hamilton, 2014yue or insightful imitation may be
defined as replication of the action along with thederstanding of the goals or intention
(Heyes, 2001; Uzgiris, 1999; Want & Harris, 200®)imicry, on the other hand, is a
duplication of the action performed without any ergfanding of the goal or intention of the
action where the observer automatically and untmdeally matches body movements
(Vivanti & Hamilton, 2014). For example, seeing railing face one may match the facial
expression.

Each of these facets of imitation involves obseovabtf a partner performing an act.

Therefore, apart from learning the action or objes#, there is a social aspect involved in



imitation, with the interaction itself being reward (Want & Harris, 2002). Thus, imitation
can serve both a learning function (skill developthand a social purpose (engage in social
and emotional interactions; Ingersoll, 2008a; Q&e&Zarpenter, 2013). For the purpose of the
thesis, imitation is considered in the context agial imitation, where imitative behaviours
are embedded in social interaction and the prinpampose of imitation is assumed to be
social engagement with a partner.

Another way to examine imitation is based on tlek @ hand. Object imitation refers
to imitation of an action on an object, whereasoacor gestural imitation involves imitation
of bodily movements, including gestures (SevleveGalis, 2010). Furthermore, imitation
may be goal-directed, that is, an action-on-obggaheaningful gesture has a clear ‘goal’, or
non-goal directed, where the imitation serves marcpurpose (Bekkering, Wohlschlager, &
Gattis, 2000; Vanvuchelen, Roeyers, & De Weerd,12). Additionally imitation tasks can
be single or sequential, immediate or deferredspmhtaneous or elicited (Sevlever & Gillis,
2010). The focus of the studies described in thissis is on spontaneous and elicited
imitation of object and gestural or action imitaticnvolving both single and sequential

imitation.

1.1.2.1.2. Social Nature of Imitation

Imitation does not develop in isolation as it prityainvolves observation of a
partner’s actions and then mapping those actioesipRocal interactions involving an interest
in the partner and turn taking are key componemtsndation (Ingersoll, 2008a; Nadel,
Guerini, Peze, & Rivet, 1999; Over & Carpenter, 20Xhild-caregiver interactions by the
end of first year focus on imitative play with obtije (Uzgiris, 1999) while imitative play in

mother-child interactions forms a stable backdrémteraction throughout early childhood.



Additionally, in the comparative psychology litareg the terms imitation and ‘social
learning’ have been used interchangeably (Want &rikta2002; Nielsen, Subiaul, Galef,
Zentall, & Whiten, 2012). Studies involving peetearactions in toddlers also demonstrate
that imitation forms a major part of the peer-iatgion as well as basis for both verbal and
non-verbal communication between partners (Nadeluli&t & Baudonniere, 1982,
Eckerman & Didow, 1996). Eckerman and Didow (1986alysed the use of speech in peer
interactions from 16 to 32 months of age. They tbtimat speech vocalisations increased as
imitative interactions increased, and imitative al@ations were also higher during these
instances. Thus, this kind of social imitationngportant for development of later language
(Bloom, Hood, & Lightbown, 1974; Masur, 2006; Cham 2006). Implications of the
importance of imitation in theory of mind developméave also been described (Charman et
al., 2000; Gopnik & Meltzoff, 1994). Understandiafjpartner goals and intentions are the
building blocks for theory of mind skills and it is imitative play that children learn
intentions and goals (Uzgiris, 1999; Over & Carpen2013). Therefore, the social nature of
imitation seems to be closely linked with the depehent of later, more complex social-
communication skills, and disruption in early sbamitation may have a significant impact
on later development (Rogers & Pennington, 1991geR® & Williams, 2006; Williams,

Whiten,Suddendorf, & Perret2001).

1.1.2.2. Imitation Impairmentsin Autism: The Social Deficit

Imitation has been argued to be a core deficit 8DAthat is strongly associated with
later developing social-communication skills (R&& Pennington, 1991; Vanvuchelen,
Roeyers, Weerdt; 2011a; Vivanti & Hamilton, 2014). a study by Stone, Ousley and

Littleford (1997) the longitudinal association beem object and gesture imitation in children



with autism with play skills and expressive langeiagas analysed. The findings suggested
that along with a significant improvement in imitat skills from 2 to 3 years, type of
imitation was associated with different social-conmication skills (Stone et al., 1997).
Object imitation was significantly associated widtter play skills, while gesture imitation
was correlated with expressive language (Stoné,et9¥7). McDuffie and colleagues (2005)
also demonstrated the association between expeessnguage and gesture imitation in
children with autism where they found that ‘comniegit behaviours such as declarative
pointing and gesture imitation in children betweeto 3 years were the only two covariates
associated with expressive language 6 months @8feDuffie, Yoder & Stone, 2005).
Conversely, Rogers and colleagues (2003) did mat fiorrelations between imitation and
later language or play skills in children with auati, although they did report a significant
relationship between imitation and initiation ofnjpattention (Rogers, Hepburn, Stackhouse,
& Wehner, 2003). They further reported a highly ndfigant relationship between
developmental age and imitative ability, therebypmarting the hypothesis that the
relationship between imitation and social commutioca skills may be mediated by
developmental age. A study by Carpenter, Penningtah Rogers (2002) also supports the
association between imitation and joint attentionautism where they found that object
imitation preceded the development of joint at@mtiIngersoll and Schreibman (2006)
examined the association between imitation and pttention and found that teaching object
imitation to children with autism increased joititeation skills. In another longitudinal study,
Young et al. (2011) followed up four groups of dnédn between 12, 18, 24 and 36 months:
infant siblings of children with autism who at 36omths received a diagnosis of autism,
infant siblings of children with autism who showeeéneral developmental delay at 36

months, infant siblings of children with autism wtieveloped typically (high-risk) and infant

10



siblings of typically developing children (low-risKThe study found that an imitation delay in
young children later diagnosed with autism was ol at 12 months and this delay was
significantly associated with expressive languagg social engagement (Young et al., 2011).
Thus imitation impairments appear fairly earlyifie in autism.

Studies that have described in detail the speadifiture of imitation impairments in
autism demonstrate that impairments can be obsenvedrious aspects of imitation. In one
of the first experimentally controlled studies, Dy et al. (1972) found that children with
autism demonstrated difficulties on bodily imitatidasks to a greater degree than object
imitation. Subsequently, studies have demonstrabg@dirments in object, facial, motor and
gesture imitation in individuals with autism of yarg ages (for reviews see Edwards, 2014;
Williams et al., 2004). However, some studies haoeshown an imitation deficit in autism
(e.g. Bird, Leighton, Press, & Heyes, 2007; CarpenPennington, & Rogers, 2001,
Hamilton, Brindley, & Frith, 2007). At the same &msome researchers have shown that
imitation deficits in autism go beyond the diffites to copy actions to problems associated
with more subtle aspects of imitation.

Hobson and Lee (1999) demonstrated the differemcahe imitation ‘style’ of
adolescents with autism compared to adolescentsdewelopmental delay. They found that
although adolescents with autism demonstrated sont&tion, the primary difference was in
their inability to imitate the ‘harsh’ vs. ‘gentlstyle of the action (Hobson & Lee 1999). The
social context also seems to affect imitation &bgiin children with autism. In a study by
Stone et al. (2004) it was found that children watltism imitated significantly more in
structured-elicited and spontaneous instrumentadliions as compared to naturalistic social
conditions (Ingersoll, 2008a). Ingersoll (2008lspafound that the context in which imitation

is measured is highly important, with children wahtism performing worse in a naturalistic
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imitation task as compared to structured task.Hewmmore, she found that children with
autism used much less joint attention during inatathan typically developing children. In
another study, McDuffie et al. (2007) assessed miptitation skills in two to three year old
children with autism in three different context$icieed, interactive play and observational
learning. Attention following was found to be asated with elicited imitation and imitation
through observational learning, while social resgity was associated with imitation in
interactive play (McDuffie et al., 2007). Anothespeect of imitation, overimitation, seems to
be atypical in children with autism. Overimitatieg seen in typical children when children
imitate even those actions of their partners thatimelevant to the goal of the task for the
purpose of social interaction (Van Etten & Carv2f15). Marsh,Pearson, Ropar and
Hamilton (2013) found that children with autism, matchedverbal and chronological age to
a group of typical children, showed less overinotatas compared to the typically developing
group demonstrating that the typically developihgdren understood overimitation as social
interaction with a partner while children with ASiere focused only on the goal of the task.
In summary, imitation deficits in autism appearlgan life, are particularly related to the
social function of imitation and evidence suggelsts this skill is fundamental to successful

development of later social communication skills.

1.2. AUTISM INTERVENTIONS
Research on early brain development in autism hggested that early interactions
with the environment can influence neural resporases brain development, thus having a

potentially significant impact on later developmé8ullivan et al., 2014). Therefore, early
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interventior! for children with autism could have a beneficiapiact on social interaction and
future brain development (Dawson, 2008; Gliga et28114; Sullivan et al., 2014; Wallace &

Rogers, 2010).

1.2.1. Early Interventions based on Theoretical Models

Early interventions may be based on various thaademodels. A large number of
early intervention practices are based on the bebel model, which highlights
reinforcement, prompting, and related processekegsdrivers of behavioural change. A
number of studies using various experimental desipave evaluated early intensive
behavioural interventions (EIBI) with a considesaldrge evidence-base for these practices
(see for reviews Howlin, Magiati, & Charman, 206&ichow, Barton, Boyd, & Hume, 2012;
Tonge, Bull, Brereton, & Wilson, 2014). However,lprone randomised trial has been
conducted to date and other trials have used tesdtas-usual groups, making evaluation of
EIBI in contrast to other available intervention8icult (Howlin et al., 2009; Reichow et al.,
2012). A significant criticism of this approachtieat teaching methods are not child friendly,
with children working in highly structured settingprimarily listening and following
commands (Gresham & MacMillian, 1998; Ingersoll028; Schreibman et al., 2015).

A second model early intervention practices areetbam is the developmental model.
This model stresses the importance of early bugldilocks as crucial for later development.
Wagner and colleagues (2014) have identified thef&atures of developmental approaches

as: following the sequence of typical developmasing principles of developmental science,

! The terms intervention, therapy and treatment umed interchangeably in the thesis. There is debate
‘treatment’ being an appropriate term in psychatagitherapies, however, in the present contextrireat is
defined as any therapy intended to reduce symptdraglisorder and improve quality of life of thelinidual.
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and being child-centred, relationship based ang plsed (Wagner, Wallace, & Rogers,
2014). Adult responsiveness is the most importantilifative strategy used, based on the
premise that interactions with significant othesscritical to social development (Dawson,
2008; Rogers & Dawson, 2010; Wagner et al., 20ThAgrefore, social and communication
competence is achieved via the reciprocal intesaatiith the others. Studies of effectiveness
of these approaches (in their pure forms) have shoomsiderable variability depending on
the severity of symptoms, age, experimental desfghe study, and sample size (Dawson &
Bruner, 2011; Foxx, 1996; Lord et al., 2005; Ospmhal., 2008).

Due to the limitations of these intervention pragsarecently, researchers have amalgamated
the two approaches, resulting in an upsurge of/éattrventions using both behavioural and

naturalistic techniques and approaches (Schreil@hah, 2015).

1.2.1.1. Naturalistic Developmental Behavioural I nterventionsin Autism

There is growing recognition that both operant ardpondent learning in early
childhood influence attainment of developmentalestibnes (Wagner et al., 2014). Thus, the
two processes of developmental growth and opeeanhing cannot be easily separated. In an
attempt to bridge the gap between the two appr@aahd tap the strengths of each, a set of
early intervention programs have been developedwtombine empirically-driven practices
from the learning and developmental models into eav rapproach called Naturalistic
Developmental Behavioural Interventions (NDBI; Sshman et al., 2015). A few such
interventions, with research supporting their @ff@mness, include Pivotal Response Training
(PRT; Koegel, O’Dell, & Koegel, 1987; Schreibmank&®egel, 2005), Incidental Teaching
(Hart & Riseley, 1975; McGee, Morrier & Daly, 199Hilieu teaching (Alpert & Kaiser,

1992), Early Start Denver Model (ESDM, Rogers & Baw, 2010), Joint Attention,
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Symbolic Play and Engagement Regulation (JASPERaKaFreeman, & Paparella, 2006),
Reciprocal Imitation Training (RIT, Ingersoll 20Q8and Early Achievements (Landa,
Holman, O’'Neill, & Stuart, 2011). They are basedtbeories of social motivation (Dawson
et al., 2005; Dawson, 2008) and interpersonal dgweént in autism (Rogers & Pennington,
1991) and the primary target behaviours are ealydeficits such as social imitation skills
(Ingersoll, 2008a; Rogers & Dawson, 2010), sogyalckrony (Landa et al., 2011) and joint
attention (Kasari, Paparella, Freeman, & Jahrof082Kasari et al., 2010).

There is an emerging body of research supporthiesd interventions (Dawson et al.,
2010; Landa et al., 2011; Kasari et al., 2006, 2@08.0, 2014). Also, follow-up studies of
these interventions have shown that children ake tabsuccessfully maintain gains in social
and communication skills (Estes et al., 2015; Kas@ulsrud, Freeman, Paparella, &
Hellemann, 2012). Therefore, studies of NDBIs hbeen able to show that by closing the
gap between developmental and behavioural appreacmare robust and promising results
can be achieved. However, trials comparing the NOBlother established interventions such
as the EIBI would be necessary to draw firm conohs regarding their effectiveness over
and above the behavioural or developmental models.

The models discussed above can either be compiebeasming to have a broader
impact on core ASD deficits, while others may beuied, targeting a single skill (Odom et

al., 2010a, b).

Reciprocal Imitation Training (RIT) is one suchcéised intervention with emerging

evidence, which combines both behavioural and dgveéntal methods, and has been shown
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to have a significant positive impact on social aminmunication skills of children with

autism (Wong et al., 2013).

1.2.2. Reciprocal Imitation Training (RIT)

The review of the literature in section 1.1.2 oéB the link between imitation and
other social skills in both autism and typical depenent and highlights social imitation as a
key skill interlinked with the development of othsocial abilities. Previous intervention
research has demonstrated that children with autiemearn to imitate (Lovaas, Freitas,
Nelson, & Whalen, 1967; Metz, 1965), but studiesleating the context of imitation suggest
that imitation skills seem to be more impaired @tunalistic social settings (see section
1.1.2.2.). Therefore, teaching imitation skillscwldren with autism in a social context may
have an impact on the development of later soaaimunication skills, and hence be a key
skill to target for early intervention for youngildren with autism.

Reciprocal Imitation Training or RIT is a naturélis developmental behavioural
intervention that focuses on increasing social atronh skills and gesture use in young
children with autism (Ingersoll, 2008a,b; 2010b12) Previous early intervention programs,
usually based on behavioural methods, have prigngaight imitative skills in an isolated
manner and focused on its learning function iintportance in acquiring new skills, rather
than on its social function i.e. its importancehe ability to engage socially and emotionally
(Ingersoll, 2008a). RIT was developed to addressstitial function of imitative behaviour in
young children with autism. RIT combines key comgas from both the behavioural and
developmental approaches - prompting, pacing of pituenpt, praise, linguistic mapping,
contingent imitation, high adult responsivenessjirenmental manipulation, following the

child’'s lead, and modelling.
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RIT is a brief intervention lasting only 12 weekghna clear focus on targeting social
imitation skills. It is a manualised interventiondahas a well-defined fidelity protocol. Even
though intensive therapist training in requirednpbebased on highly intuitive practices such
as following the child, commenting on what the dhd doing etc., it is easily transferrable to
parents and naive therapists. Additionally, beinghart-term intervention it can be easily
embedded into child programs and allows greateidiléy for individualisation.

Research has demonstrated RIT to be an effectipeagph in increasing spontaneous
object and gesture imitation in young children wathtism (Ingersoll, 2010b; Ingersoll &
Schreibman, 2006). In a single-subject, multipledhiae design study, RIT was effective in
teaching young children with autism object and hoafhitation with increases in language,
joint attention and play evident (Ingersoll & Sdbraan, 2006). Another study using multiple
baseline design showed that RIT was effective athiang descriptive gesture imitation in a
small sample of children with autism (Ingersollmige, & Kroman, 2007). To assess impact
of gesture imitation training on language use, dtiplea baseline design study with four
children found that three out of the four childierproved in language use with addition of
gesture imitation training (Ingersoll & Lalonde,1). In the only pilot randomised controlled
trial involving 21 children with autism, RIT was ropared with treatment-as-usual (Ingersoll,
2010Db). Children in the treatment group demonddragggnificant improvement in both
elicited and spontaneous imitation as well as dlgad gesture imitation (Ingersoll, 2010b).
Improvements in joint attention, play and languagere also observed post intervention
(Ingersoll, 2012). In all the studies mentioned \ahmaive, undergraduate therapists were
trained for treatment delivery. RIT has been adafpoe parent-implementation (Ingersoll &
Gergans, 2007; Wainer & Ingersoll, 2013a, 2015) iamalementation by siblings (Walton &

Ingersoll, 2012). All three studies assessing daneplementation of RIT used multiple
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baseline designs, with two studies using a telé¢heabdel of intervention training. In the
study by Ingersoll and Gergans (2007) both paredtchild behaviour were assessed, and it
was found that mothers were able to successfullsni¢he techniques involved in RIT, and
also generalise to their home environment. Furihergase in spontaneous object and gesture
imitation was observed in the children (IngersollGergans, 2007). Wainer and Ingersoll
(2013a) compared delivery of RIT between undergaseltherapists and mothers of children
with autism, when RIT was taught using an onlinegpamme. All therapists and mothers
were trained using a manual and online short gsiapel interactive learning tasks (Wainer &
Ingersoll, 2013a). Findings showed that both undehgate therapists and mothers were able
to learn RIT techniques (based on fidelity of impéntation measures) and children in both
groups gained on imitation skills (Wainer & Ingdts@013a). Additionally, another study of
parent implementation comparing internet-trainingded of RIT and parent coaching model
found that parents were successfully able to delRi@ to their children for 10 weeks and
children showed an increase in spontaneous imitdtmm baseline to follow-up (Wainer &
Ingersoll, 2013b). Translating RIT to sibling implentation, six sibling dyads were assessed
(Walton & Ingersoll, 2012). Four out of six siblmgorrectly implemented all the key
techniques employed in RIT (linguistic mapping, toogent imitation, modelling, prompting
and praise) while two children showed variable lteas(MWalton & Ingersoll, 2012). All
children with autism showed an increase in imitas&ills and joint engagement post-sibling
training (Walton & Ingersoll, 2013). Further, RI'a$1been evaluated with adolescents with
intellectual disability, again using a multiple base design (Ingersoll, Walton, Carlsen, &
Hamlin, 2013). Adolescents with autism demonstraedncrease in both object and gesture

imitation and a decrease in self-stimulatory bebwawvafter RIT (Ingersoll et al., 2013).
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RIT has also been compared with other interventioms& study looking at the use of
video modelling and RIT for targeting imitation kkiin children with autism, both treatments
had similar effects on imitation (Cardon & Wilco011). Another study comparing the
effect of RIT, Milieu teaching and Responsive lat#ion on language skills in children with
autism showed that children who underwent RIT antiel teaching showed significantly
greater changes in language skills compared todreml who underwent Responsive
Interaction; while all three interventions led tacliease in social engagement (Ingersoll,
Meyer, Bonter, & Jelinek, 2012). Thus, overall, rthes consistent evidence of RIT
influencing imitation skills in children with autis

To summarise:

» Social imitation impairments are observable indit@h with autism and impact
later social communication development. RIT is @ervention that targets this
primary impairment.

* RIT is a short-term intervention with a 12-weekegramme. Having a short
time frame makes it easy to deliver.

e It has a clear focus, a manual and well-definethitrg protocols including
fidelity measures.

* RIT uses simple techniques and is easy to leaavidtrs RIT research has used
undergraduate students as therapists as well aseadia for implementation by
parents and siblings, all suggesting that it islga&snsferrable.

* RIT has a growing evidence-base with studies sumgesis effectiveness in
teaching spontaneous object and gesture imitakidis.s

« A few studies have also shown that RIT has an impadroader social skills

such as play, joint attention and language. Thesearch suggests that brief,
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focused intervention may have a wider impact oniasocommunication

development.
All these strengths make RIT a compelling interi@ntto evaluate for children with
autism. The available results suggest that RITniefiective intervention for social-
communicative behaviours in children with autisnowgver, all studies, except one,
have used single-subject multiple baseline desigis, one of the major criticisms
towards establishing evidence-base for RIT has liesnall studies, except one, have
come from a single research group and replicatibiRId in other lab-settings is
required (Wong et al., 2013; Wong et al., 2015) phesent study aimed to fill this gap

in the RIT literature.

1.2.3. Response to Treatment

As discussed in the above sections, various stuiies demonstrated success of early
intervention in influencing social-communicationiliskin children with autism. However,
systematic reviews have shown that response tovertBon can vary considerably (Howlin et
al., 2009; Vivanti, Prior, Williams, & Dissanayak2014; Warren et al., 2011). It has been
suggested that factors associated with interventioringredients of an intervention can
impact outcome. There are different aspects ofnéeriention program that can influence
response: dose or number of hours in interventioe,method or techniques used to teach,
content or focus of the intervention, and timingdevelopmental age of the child (Kasari,
Freeman, Paparella, Wong, Kwon, & Gursrud, 2005).

Individual child characteristics can also impactcome such that factors such as 1Q,
autism symptom severity, chronological age, languamitation and play skills at pre-

treatment have been suggested as predictors abnesgo treatment (Howlin et al., 2009;
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Vivanti et al., 2014). These individual charactics are important to identify as there is
growing agreement in the field that not all childreenefit from a single intervention and
therefore recommendations for treatment need tohidd specific (Camarata, 2014; Howlin

et al., 2009; Vivanti et al., 2014; Warren et &Q011). However research systematically
evaluating “responders” and “non-responders” tattreent is limited (Camarata, 2014) and
recommendations include efficacy trials to incogteranalysis of predictors of outcomes
(Warren et al., 2011; for a detailed discussion\&eanti et al., 2014).

Previous pilot randomised controlled trial of RIVatuated association between verbal
and non-verbal mental age, spontaneous play aot,r@sponse and initiation of joint
attention at pre-treatment to outcome on imitati@asures (Ingersoll, 2010b). Number of
spontaneous play acts was the only pre-treatmeldt caracteristic associated with increase
in spontaneous imitation (Ingersoll, 2010b). Chilogical age and autism symptom severity
was not evaluated. Harris and Handleman (2000) paseiously found that chronological
age and IQ at pre-treatment were predictive of@mate such that younger age and higher 1Q
was associated with better school placement fowgixoyears after EIBI. In a much larger
study Perry et al. (2011) also found younger agbet@ predictor of better outcomes post-
EIBI but also autism symptom severity to be asgediavith outcome. Sallows and Graupner
(2005) found that children with low scores on th@menunication and social interaction
domain of the Autism Diagnostic Interview (ADI, ldyrRutter, & LeCouteur, 1994) were
associated with greater gains in 1Q after EIBI ssgigpg that children with greater social
difficulties had poorer outcomes (Sallows & Graupne2005). Furthermore,
restricted/repetitive behaviours have been prelyostsown to be associated with later social
and play skills (Watt, Wetherby, Barber, & Morg2008) and therefore possible that severity

of autism symptoms may be a moderator in impaglag and subsequently imitation skills
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in RIT. Thus, along with verbal and non-verbal na¢rgge, chronological age and autism
severity may be other child characteristics préacoutcome after RIT and the present study

aimed to evaluate these child characteristics.

1.3.  INTERIM SUMMARY

Social imitation is an important early milestonattiaids future social-communication
development and is a deficit in children with aotisTherefore, intervention practices
focusing on social imitation could beneficially luénce future development. Early
intervention practices have seen considerable d¢roand Naturalistic Developmental
Behavioural Interventions hold promise as effectreatments. Reciprocal Imitation Training
Is one such intervention program that focuses meldping social imitation skills and has an
emerging evidence base. Due to the strengths assdavith RIT as a focused intervention
but gaps in replication of treatment effects in literature, it warrants further evaluation of
the treatment. Research on factors associated negphonse to treatment is limited and
previous RIT research has shown that child charattess before treatment can influence

outcome post treatment.

1.4. NEUROLOGICAL APPROACHES TO INVESTIGATING SOCIAL
DIFFICULTIES IN AUTISM
Autism has been discussed primarily from behaviocama developmental perspectives
to delineate approaches to understanding the swmoitdtion impairments in children with
autism. However, neurophysiological and neuroimggiachniques have also generated
research implicating the role of various brain nagéms in the social deficits observed in

autism.
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Understanding social difficulties observed in amtifrom a biological, brain-based
perspective is imperative. From the day a chilthasn the environment directly influences
brain development and the steady progress in lol@melopment helps the infant acquire new
skills and more complex behaviours. Thus, thera mutual, interactive inter-relationship
between brain and behaviour development that gevgrowth and progress. In autism,
difficulties in social and communication skills lealeen identified at a behavioural level as
early as 12 months (Zwaigenbaum et al., 2013; lseesaction 1.1.2). Neurological research
demonstrates differences in brain activity as eady6é months (Gliga et al., 2014). Thus,
neurological markers may help identify autism esréind hence contribute to prevention and
thus the long-term negative impact autism can lewvan individual’s life. Therefore, as more
sophisticated models of social-communication irgations develop, incorporating measures
of neural activity in research studies will helpftother understanding of neural markers for
autism and modify treatments to have better brasetd outcomes.

Various neurological techniques have been usedtisra research. Imaging techniques
such as functional magnetic resonance imaging (JMRD positron emission tomography
(PET) have identified brain regions and circuitplicated in atypical social behaviours while
neurophysiological techniques using electroencegnaphy (EEG) and event-related
potentials (ERP) have enhanced understanding ofetinporal sequence of social and non-
social processing in various parts of the brainrec8jrally, ERPs reflect changes in brain
activity associated with a stimulus while contine®EG activity can be measured for power
spectral density (PSD), which reflects consisteoicgynchronous firing of large number of
neurons. The following sections highlight studiesng both techniques to understand how

social processes, such as human action, imitatidnsacial stimuli, are processed in people
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with autism, and the use of novel tools such as Ek@valuate impact of interventions on

neural processés

1.4.1. The ‘Social Brain’ Hypotheses: Neural Processing ofocial versus Non-Social
stimuli in ASD

Studies have shown the involvement of a networlbddin regions in processing social
information and perception labelled the ‘socialibbréAdolphs, 2009; Grossmann & Johnson,
2007). First proposed by Brothers (1990), the d$obiain was said to comprise the
orbitofrontal cortex (OFC), amygdala and superemporal gyrus (Adolphs, 2009). Other
regions have since been identified in social preiogssuch as the fusiform face area (FFA)
during facial perception (Pelphrey et al., 200BE motor cortex, inferior frontal gyrus (IFG)
and inferior parietal lobe (IPL) in human actioneedtion and observation (Rizzolatti,
Fogassi, & Gallese, 2001), temporal-parietal jwrcti(TPJ) during mentalizing tasks
(Lombardo, Chakrabarti, Bullmore et al., 2011), rakdrefrontal cortex (MPFC) in theory of
mind (Amodio & Frith, 2006) and the superior temgdosulcus (STS) in a variety of social
perception tasks (Pelphrey et al., 2011; Hari,riteson, Malinen, & Parkkonen, 2015).

Atypical processing of social stimuli in autism Hasen suggested based on evidence
derived from various neurological techniques, saslfiMRI (see Di Martino et al., 2009 for a
review) and EEG/ERP (see Jeste & Nelson, 2009 feveew). fMRI studies have shown
atypical activation of the amygdala (Baron-Coheralet 2000; Baron-Cohen et al., 1999),
OFC (McPartland & Jeste, 2015; Sabbagh, 2004), (lBhbardo et al., 2011; Pantelis,

Byrge, Tyszka, Adolphs, & Kennedy, 2015), STS (@aith et al., 2012; Zilbovicius et al.,

% This review focuses on social processes evalutiienigh various neurological techniques. A reviewd a
justification of use of EEG and ERP as novel teghas for measuring change through interventiomasgnted
in Chapter 4.
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2013), all regions of social cognition, among othétEG/ERP studies have also evidenced
atypical activity in people with autism. EEG adiyvis measured in various frequency bands
and abnormal activity has been suggested for aliadelta (1-3Hz), theta (4-7Hz), alpha (8-
12 Hz), beta (13-30Hz) and gamma (above 30Hz; CoBnke, Hudspeth, & Barry, 2008;
Dawson, Klinger, Panagiotides, Lewy, & Castello893; Orekhova et al., 2007; Tierney,
Gabard-Durnam, Vogel-Farley, Tager-Flusberg, & Ne]012).

Neurological research has shown disruption in @siog across different sensory
modalities in individuals with autism. In the viswdomain, differences have been found in
the perception of biological motion. Biological nwt may be defined as characteristic
human and animal body movements (Koldewyn, Whitn&yRivera, 2011). ERP and
magnetoencephalography (MEG) studies have showroteef right hemispheric activity of
the occipitotemporal and parietal regions in baifants (Hirai & Hiraki, 2005; Reid, Hoehl,
& Striano, 2006) and adults (Hirai, Fukushima, &a#ki, 2003; Jokisch, Daum, Suchan, &
Troje, 2005; Krakowski et al., 2011; Pavlova, Lutlzerger, Sokolov, & Birbaumer, 2004)
where source analysis has shown the origins ofittisity to be located on the right posterior
STS (Jokisch et al., 2005; Krakowski et al., 20lN¢uroimaging studies using point-light
displays of whole-body movement have found diffeemin activation in areas involved with
biological motion perception between typically deyeng individuals and individuals with
autism (Herrington et al., 2007; Kaiser et al., Z0doldewyn et al., 2011). ERP studies have
also found lateralisation differences as well g@erlay differences in autism compared to
typical children (Hirai et al., 2014; Kroger et,a2013). Moreover, in typically developing
children studies have shown specificity of respotsebiological motion compared to

scrambled motion, and differential temporal respsnbetween scrambled and biological
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motion (Hirai et al., 2014). Conversely, in autigifferential processing between scrambled
and biological motion has not been found (Hiraalet2014).

Face processing studies show decreased activitigeinright FFA in individuals with
ASD (Schultz, 2005). Extensive ERP studies in fiacessing found atypical responses to
familiar versus unfamiliar faces (as seen in th@P#esponse; Dawson et al., 2002) and
impaired early processing of upright versus inwkrfi@ces (N170 component; McPartland,
Dawson, Webb, Panagiotides, & Carver, 2004). Fumbee, evidence for face processing
atypicalities are evidenced across ages from igfaat-risk for autism (McCleery,
Akshoomoff, Dobkins, & Carver, 2009), and childrgiVebb, Dawson, Bernier, &
Panagiotides, 2006) to adults (Webb et al., 20A2ditionally, as for biological motion
processing, face processing studies also showfgpeeviation in processing faces compared
to objects in people with autism. Dawson et al.0O@0found that when shown familiar and
unfamiliar faces and objects, children with autiewdenced preserved differential processing
of familiar and unfamiliar objects (P400 response) did not show differential processing of
familiar and unfamiliar faces, while typically ddeping children showed a clear differential
response. Additionally, children with autism shoarger amplitude responses to objects
compared to typically developing children and shdwl®wer ERP responses to faces (Webb
et al., 2006).

Differential processing in autism has also beerntegl for auditory stimuli. Gervais et
al. (2004) found that individuals with autism didtrshow activation of the STS as observed
for the typically developing control group duringpocal sound processing but did show
preserved activation patterns during non-vocal deurn an EEG study, Jochaut and
colleagues found that individuals with autism havgpical gamma and theta oscillations in

response to speech (Jochaut et al., 2015). In & $ERly of differential processing between
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speech and non-speech (tones) sounds, orientifgtsiémeasured by the P3a response) were
found for speech sounds and no such deficits weserged in the non-speech sounds
compared with typically developing childre@gponier et al., 2003). These differences in
processing have also been observed early in lifghildren at-risk for autism. Lloyd-Fox et
al. (2013) used functional near-infrared spectrpgddNIRS) to look at neural responses to
auditory social and non-social stimuli (human vazlon of coughing, crying, laughing or
environmental sounds) and visual-social stimuliu{agblaying peek-a-boo or incy wincy
spider) in 4 to 6 months infants at-risk for autigiblings of children with autism) and low-
risk controls (no immediate family history of aums It was found that infants at-risk for
autism showed a diminished response to visual-kstimauli in the STS as compared to low-
risk children. For auditory responses, the infaaitsisk showed an absence of response to
human vocalisations in the mid-posterior STS wihde-risk children showed significant
specialisation (Lloyd-Fox et al.,, 2013). No groupffelences were observed for
environmental sounds (Lloyd-Fox et al., 2013). ¢mbination, these studies highlight the a

social deficit across domains and ages in autisanaural level.

1.4.2. Imitation at a Neural Level: Studies of Human Actian Processing in ASD

Imitation studies at a neural level have focusath@rly on human action processing.
Imitation typically involves observation of an awti undertaken by a partner and executing
the action observed. EEG studies have shown minmhwctivity (8-13Hz), measured from
the central electrodes over the sensorimotor cpriexassociated with human action
processing (Braadbaart, Williams, & Waiter, 2013be@nan et al.,, 2005; Oberman,
Ramachandran, & Pineda, 2008; Pineda, 2005). Sqatyf reduced power in mu rhythm

activity (mu suppression) over the sensorimototecowas associated with action observation
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and execution (Muthukumaraswamy, Johnson, & McNabp4). In a study by Saby,
Meltzoff, and Marshall (2013) infants as young aé thonths showed mu rhythm
desynchronisation over sensorimotor cortex for athd and foot motion observation. Most
studies of action processing though, have congidesial action processing. A few studies
published regarding auditory processing and viswaitory integration in human action
observation have implicated various brain regioduiding the STS, inferior parietal lobule
and inferior frontal gyrus in auditory action preseng showing separate systems for action
sounds and non-action, environmental sounds (Gaatal., 2008; Giusti, Bozzacchi,
Pizzamiglio, & Di Russo, 2010; Pizzamiglio et &005).

Studies of children with autism suggest atypicaivéty in different parts of the brain as
well as atypical mu rhythm activity during imitati@nd action/gesture observation. Nishitani,
Avikainen, and Hari (2004) examined responses tefacial gestures using MEG in adults
with Asperger syndrome and found delayed activaitiothe inferior frontal lobe and weaker
activation in the frontal lobe and primary motortea. In an fMRI study, Williams et al.
(2006) found weaker activation of parietal lobe, JTéhd amygdala during imitation and
action observation conditions. Similar results wdoaind using transcranial magnetic
simulation (TMS) for hand gestures, with a negatreerelation between ventral premotor
cortex and IFG and social impairments in adulthvaititism (Enticott et al., 2012). Support
for atypical action processing in autism also coifnesn EEG and ERP studies. Oberman et
al. (2005) found that both, individuals with ASDdaage-matched typical controls, showed
mu suppression in EEG activity during action execu(i.e. imitation). However, individuals
with ASD did not show mu suppression during acttrservation while typical individuals
did. Similarly, Bernier and colleagues (2007) répdra significant correlation between mu

suppression and imitation skills (Bernier et alQ02). Martineau, Cochin, Magne, and
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Barthelemy (2008) examined theta and alpha activitghildren with autism and typical
controls while watching videos of human action, 4mman action, no movement sequence
and blank screen. EEG desynchronisation was evigertheta activity (3-5.5Hz) in fronto-
temporal and central regions in the left hemispHerethe typical children during human
action observation while no desynchronisation vesnsn children with autism. Furthermore,
an association with familiarity of individual perfoing action and mu suppression while
observing hand actions was seen in children witisigu(Oberman et al., 2008). A recent
EEG study by Bernier et al. (2013) found that etrewugh there were no differences in mu
suppression between a group of children with autisith age-matched typical children, there
was a subset of children across the two groupsskbaved minimal mu suppression and this
was associated with poor imitation skills. The awuthconcluded that imitation skills
modulated mu suppression irrespective of diagn@ssnier et al., 2013).

There have been no studies conducted using muesgpn and auditory processing of
human action stimuli in children with autism, allgh a recent auditory human action ERP
study by Stefanidou (2014) showed that high fumitig children with autism demonstrated
decreased processing of human action sounds retoxkae the frontal and parietal regions.
On the other hand, some studies have not foundidggbns in mu suppression in autism or
atypical brain activity during action processing(Bier, Aaronson, & McPartland, 2013; Fan,
Decety, Yang, Liu, & Cheng, 2010; Raymaekers, \Wiara, & Roeyers, 2009; Ruysschaert,
Warreyn, Wiersema, Oostra, & Roeyers, 2014; seeHdsnilton, 2013 for a review).

Many of the studies of human action processing ntedoabove have implicated the
Mirror Neuron System (MNS) in action processingeTNS, discovered in the macaque
monkeys, is considered to be a part of the socahmetwork (Adolphs, 2009; Frith & Frith,

2010). It is thought to include a specific set @urons that fire both when an action is
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executed and observed, and because of the mirrproperties have importance for processes
such as imitation and empathy (Rizzolatti et alO02 lacoboni, 2009). In typically
developing individuals, the MNS is said to comprigdethe STS, IFG, areas of the parietal
cortex, sensorimotor, and premotor cortex (lacop@005, 2009). The role of MNS in
imitation has been asserted (lacoboni, 2005, 2Mienberghs, Cunnington, & Mattingley,
2009; Rizzolatti & Fabbri-Destro, 2010; Rizzoladti al., 2001). Furthermore, other social
behaviours like action understanding, language, athyp and goal-directed
behaviour/intentionality have also been suggestedntolve the MNS (for reviews see
Molenberghs, Cunnington, & Mattingley, 2012, andokKoBird, Catmur, Press, & Heyes,
2014).

Some researchers have extended the MNS theorytimmaand have suggested that
imitation deficits are observed due to a brokenronirsystem (Williams et al., 2000).
However, many have challenged the theory of mimeuron deficits as the core driver of
imitation difficulties in autism. Some have evererad the existence of the mirror neurons in
humans. MNS was originally studied in macaque mgskand, at present, has not been
systematically validated in humans (for detailescdssion see Hickok, 2009). Another major
problem in this theory is that a bulk of evidenaemes from EEG studies suggesting an
association of mu rhythm and MNS functioning. Aeetstudy using a sequential EEG-fMRI
design has shown that mu suppression, as seenGraE#vity during action observation, was
not linked exclusively to the mirror neuron netwdrlt also with other regions of the brain
(Braadbaart et al., 2013). It is then difficultitderpret most EEG findings of mu suppression
as being associated with MNS activity due to thek laf specificity of mu rhythms to MNS

and most EEG studies not using source localizatinalysis. Also, there is scarcity of
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research evaluating the MNS as the cause of thgerahimitation difficulties observed in
autism (Vivanti & Hamilton, 2014).

Some other researchers have suggested the impmrtdrsocial experience as a core
moderator of the MNS system (Hamilton, 2013; Hey %0, 2013). According to Heyes
(2010, 2013), sensorimotor experiences in earlgnoy shape the integration of motor and
sensory neurons by coding similar experiences, lmthien strengthen the MNS network.

Hamilton (2013) proposed a ‘social top-down respom®dulation’ (STORM) model
suggesting that past social experiences modulaevigual and motor representations of
actions in the brain and then an imitation respasset automatic but rather controlled by
social cues and demands. This is supported bynigsdof atypical action observation and
auditory processing of actions where neural medmasiassociated with action execution
(upon instruction) are preserved but those assatiaith action observation, driven by social
motivation and social reciprocity, show atypicaura responses. Both these models align
with the social theories of autism, especially abenotivation theory, (Dawson, 2008;
Chevallier et al., 2012) suggesting the importanotearly experiences in shaping neural
systems and thus supporting the importance of eatdyvention in autism (see also section
1.2. above).

In summary, although there is no conclusive evideof mirror neuron functioning,
studies using various neurological techniques sstgggypical human action processing in

autism.

1.4.3. Integrating Neurological Techniques in Study of Inerventions
An important aspect of intervention is to influenbmlogical mechanisms. As the
number of studies showing neural dysfunctions iciad@rocessing in autism is increasing,

there is growing interest in what happens to thiysfunctions post behavioural treatment
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(Dawson, 2008). For example, in a study of Piv&asponse Training (PRT), two children
with autism aged 5 years underwent training fora@hths (Voos et al., 2013). Both children
received the manualised package but individual ggosere set based on presenting
difficulties. fMRI scans were conducted both predapost-intervention while children
watched a biological motion task. Both children wld increase in activation of various
regions, for Child 1 fusiform gyrus and dIPFC whiler Child 2 pSTS, ventrolateral
prefrontal cortex and fusiform gyrus (Voos et aD13). However, with such a small number
of participants and no controls, it is impossildeascertain the effects of PRT. It is possible
that the focus on specific skills may have resuitedreater activation rather than the generic
intervention package. Also, the two children showetivation of different regions. A second
study of the Early Start Denver Model (ESDM) uglitERP and EEG power spectral density.
EEG data were collected at post-treatment only éeca recognition task from 29 children
with autism who were randomised to the ESDM or camity intervention group (Dawson et
al., 2012). Children in the ESDM group were givatensive intervention over a period of
two years and trained on face recognition of colphotographs of four familiar adults
(Dawson et al., 2012). Results showed that childiehe ESDM group had a faster response
to faces as compared to objects while the commumiiéyvention group had a faster response
to objects than faces (Dawson et al., 2012). Alphd theta band activity was evaluated for
difference of EEG activity for faces and objectdieTdifference scores showed alpha
suppression and greater theta activity for facespared to objects for the ESDM group with
the reverse pattern in the community group (Dawsbal., 2012). No pre-treatment EEG
assessments were conducted and EEG/ERPs were sisegtc@ame measures. Without a
baseline for brain activity one cannot be sure béther the effects were due to intervention

or the groups differed pre-treatment and therefibrs difficult to draw conclusions about any
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effects from this study. Additionally, the ESDM gmwas trained on facial recognition. A
separate face processing training study has shbanwhen trained specifically on face
recognition, adults with autism showed a greatee fiaversion effect otherwise known to be
atypical in autism (Faja et al., 2012). It is ditflt to deduce whether the effects observed in
the ESDM study were a result of the special faceggition training the children received or
ESDM intervention.

A third study of social-communication interventiom adolescents examined EEG
asymmetry in adolescents in response to Progranth®rEducation and Enrichment of
Relational Skills (PEERS) intervention (Van Hecke a., 2013). Adolescents were
randomised to a treatment or wait-list group whbeetreatment group was given 14 weeks of
group sessions. Continuous EEG was recorded inyas-@en condition both at pre- and
post-intervention. A change from right to left hepheric activity in the gamma band was
seen in the PEERS group while no change in hemigpaetivity was observed in the wait-
list group (Van Hecke et al., 2013). All studiesniiened above included participants with an
IQ in the typical range. Research suggests thabresveness to intervention is likely to be
different based on intellectual functioning in cinén with autism. Brain activity patterns
have also been observed to depend on verbal abiéitid 1Q in children with autism (Webb et
al., 2015). Therefore, neurological research on bbidren with autism with lower abilities
respond to intervention is limited.

Overall, the results of these intervention studiss unclear whether autism treatment
may be modulating brain activity. Including neugital measures in intervention studies
could generate valuable information regarding tleral signatures a treatment may affect at

the same time enhancing identification of biomaskassociated with behavioural changes
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observed in treatment. This, in turn could leadb#dter understanding of the disorder and

refinement of intervention practices.

1.5. CONCLUSION

Autism is a developmental disorder with life-lonffeets. To date, no single theory has
been able to address all the bio-psycho-sociatideflong with explaining the strengths and
preserved skills often observed. Owing to the wpdead social difficulties in autism, many
researchers are interested in understanding thebktween behavioural-social impairments
and the social brain network. The social motivatiypothesis postulates that early social
motivation deficits down regulate later social idiities in autism (Chevallier et al., 2012).
Early imitation skill impairments have been linkeldsely to social motivation deficits.

Early imitation skills have been shown to be imediin children with autism and
studies have differentiated deficits in imitatiosskd on function. Research indicates a social
deficit in imitation in which imitation impairmentsccur primarily in reciprocal, interactive
settings and early imitation skills have been as$ed with development of more complex
social communication skills. Neurological reseaat$o points towards a particular deficit in
social processing. Thus, it has been suggestedtetention practices for children with
autism might usefully focus on imitation developmem order to influence later social
development. Also, as biological mechanisms assmtiwith social processing have been
implicated in autism, it is important to understamolw early intervention may influence
neural processing. Evidence from naturalistic dgwelental behavioural interventions is
promising and indicates more stable child gainsigitogaps in literature remain.

Reciprocal Imitation Training (RIT) is a focuseddrvention program that addresses
social imitation deficits and aims to increase a&baieciprocity, social imitation and

engagement in children with autism. Research shsgrgficant gains in gesture and object
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imitation and other social skills (Ingersoll, 201@012). Although there is some evidence for
efficacy of RIT, independent replication is reqdi@nd RIT is not currently recognised as an
evidence-based treatment (Wong et al., 2015; Figutg¢ Finally, with evidence that the
methods of neuroscience can help understand thegmal underpinnings of behaviour in
autism and the efficacy for treatments, researeuating RIT would be strengthened by the
inclusion of neurological assessment.

The main aim of the work described in this theseéswo conduct a pilot Randomised
Controlled Trial to examine the effects of RIT iroung children with autism at the
behavioural and neural level. The aims of the the&re to:

1. Attempt possible replication of the previous effeat RIT on social imitation skills by
examining the effects on spontaneous and elicitethiion.

2. Explore the association of different child charastes with changes in imitation
post-RIT.

3. Investigate neurological correlates of behaviouanges in imitation by using ERP
methodology to examine auditory human action prsiogsin children who underwent
RIT compared to controls.

4. Investigate correlation between ERP responses hadges in imitation skills post-
RIT.

5. Examine, neural correlates of global social and-smrial processing differences
using an EEG measure in children with autism apcéa} children.

6. Examine differences in global social and non-so@edcessing in children who
underwent RIT compared to controls.

7. Examine association between global social and weralsprocessing reflected in EEG

activity and changes in imitation skills after RIT.
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Thus, the studies were designed to extend the msgdbase for efficacy of RIT as a
social-communication intervention that targets bdke behavioural and brain

development of children with autism.
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1.6. OVERVIEW OF THE SUBSEQUENT CHAPTERS

This thesis investigates effects of an early irgaton program, Reciprocal Imitation
Training, in children with autism using a rigorowexperimental design and novel
methodologies. The subsequent chapters are focusetksign of the study and the aims
outlined above. All chapters may include some @pernh studies reviewed due to the specific
focus of the thesis on imitation, RIT and neurathteques for evaluating autism
interventions. Also, in the introduction of eactapter aims are refined and specific aims and

hypotheses are defined based on focus of the slisdyssed.

Due to the increasing recognition of the importan€&kandomised Controlled Trials
(RCT) as an experimental design, Chapter 2 desci$&Ts along with recognised strengths
and limitations. The chapter highlights the strimigeriteria of RCTs adhered to by the present

study and various ethical considerations

Chapter 3 describes the first aspect of the pildT Rwhich focuses on the effect of RIT
on imitation skills in children with autism. Thitusly is a replication trial to address the issue

of independent replicability of the positive resutbserved through RIT in previous studies.

Chapter 4 describes the use of a neurophysiologiesglsure, event-related potentials
(ERP) to understand the impact of RIT on auditorgcpssing of human action and non-
human action sounds. This chapter reviews the dadgas of using EEG and ERP techniques
in evaluating autism interventions and addressestopns about the impact of an imitation

intervention on neural mechanisms impaired in huaion/imitation processing.
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Chapter 5 investigates the use of another neudbgieasure, electroencephalography
(EEG) to understand the impact of RIT on continuB&sS activity in children with autism
while watching social and non-social stimuli. THeapter involves a review of EEG studies
focusing on theta and alpha band frequencies arpicat processing observed in autism in
these two bands. The first study is an investigatb differences in EEG activity during
social and non-social processing in children witiissm and typically developing children,
and the second study examines the effect of RIglolmal social and non-social processing in
children with autism using EEG as a measure of ghaihis chapter addresses the questions
regarding dysfunctions observed in social brainvagtand the impact of RIT on general

social processing.

Finally, Chapter 6 concludes with findings from thigesis and implications and

suggestions for future research.
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CHAPTER 2

STUDY DESIGN: RANDOMISED CONTROLLED TRIALS
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2.1. INTRODUCTION

Randomised controlled trials (RCT) are considehed“gold standard” for establishing
evidence-based practice in all spheres of heakh¢@oncato, Shah, & Horwitz, 2000).
Typically, an RCT involves individuals being randgnassigned to one of two or more
groups in order to examine causality of relatiopg§tolberg, Norman, & Trop, 2004). RCTs
have detailed, strict design features that make fhim of experimental design a robust
method for determining a causal relationship asgéssing effects of treatment.

All RCTs have two important characteristics: a cohtcondition and random
assignment of participants (Sibbald & Roland, 1988ck, Janis, & Wedig, 2008). The
comparison control condition helps researchers rmwvdconclusions about whether the
outcome is an effect of treatment and not due toapgous variables. Similarly, random
assignment reduces possible differences betweertréément and control group(s) that
might affect results, thereby minimising confourgliiactors. Hence, any significant
differences between the groups at outcome can bee monfidently attributed to the
intervention. Additionally, in order to control foexperimenter/therapist bias, blinding
procedures can be used so that examiners are umaivdre group/condition assignments of
participants (West & Spring, 2007). Through thesechanisms researchers can minimise
confounding factors. Furthermore, RCTs can exeraB&t control over exposures to
treatment and aim to reduce the role of chanceoifaciThese experimental designs are,
therefore, considered optimal to detect statidticahall to moderate treatment effects, which
is often a challenge in other observational ancarpental designs.

Despite their strengths, RCTs can have seriouddimns. Most often, studies using

placebo-based control groups involve designs irckwveome individuals are randomised to a
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treatment group receiving the new, potentially @ffe treatment while others, randomised to
a control group, receive a placebo (Nock et al0Q&0However, in psychosocial intervention
studies placebos are not always feasible, evergthplacebo-therapies have been used in a
few psychosocial trials (e.g. Hofmann & Smits, 200&he control group, then, comprises of
either a treatment-as-usual (TAU) group, thatlisr@atments readily used in the community
or a specific treatment against which to evaluai@marative effectiveness. In some cases, a
No Treatment group is used, in which control pg#tots receive no other treatment. To
address the ethical issue of not providing intetieery aWait-List Control groupdesign can
be employed in which a group of individuals sergeaacontrol group for a specific period of
time and, then receive treatment (Nock et al., 2008 this approach, no one is denied
treatment, however, attrition rates may be highsrpeople who are not receiving the given
treatment may find clinical help or support elserehand drop out of the study (West &
Spring, 2007). Furthermore, Wait-List and TAU caonhtstudies can result in somewhat
heterogeneous clinical exposures in the compagsonp, as many of the participants often
receive a mix of different treatments while otharay receive no treatment at all. Finally,
wait-list control designs in which the waiting pmtiis long may result in worsening of
symptoms over time (West & Spring, 2007). Therefarkeen designing an RCT it is essential
to consider the nature of the control group as a®lhow participants and clinical exposures
are monitored. Other critical questions associatéd RCTs relate to costs and feasibility
(West & Spring, 2007). Randomised trials are tyijiycaxpensive and involve a large
consortium of individuals, including both reseaparticipants and clinical/research experts.
This often makes RCTs less feasible when compargédother experimental designs (West

& Spring, 2007). Lastly, it may not be feasible tonduct a robust RCT for some
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interventions or settings; for example, when examgntreatments for serious medical
conditions involving high and short-term rates afrtality (Stolberg et al., 2004).
It is clear that carefully and properly designihg RCT is an important first step. The

study design for the present RCT is described below

2.2. THE PRESENT STUDY

The current quasi-randomised controlled trial wasighed to evaluate Reciprocal
Imitation Training (RIT; see section 1.2.3) as eatment programme for developing social
imitation skills in young children with autism speon disorders. Previous research,
including a pilot-RCT, has suggested that childngtth autism who undergo RIT make gains
in spontaneous imitation skills as compared witliden with autism who did not receive
RIT (Ingersoll, 2010b). In order for a treatmenbgrnam to be recognised as evidence-based,
independent replication of results is crucial alevith replication by researchers other than
the treatment developers (Carroll & RounsavilleD@0 Replicability of results helps to
ascertain effectiveness of treatment in differamhgle populations, reducing population bias
and therefore increasing the reliability and gelwahility of treatment effects for different
individuals with a particular condition (Carroll &ounsaville, 2008). Therefore, the broad
aim was to conduct a pilot-RCT to attempt possibldication of behavioural findings and
explore neurological correlates of behavioural tirest in children with autism spectrum
disorders, thereby adding to the body of evidemeeRiT as an effective focused treatment

program for children with autism.

2.1.1. Study Design
The quasi-RCT was designed using a Wait-List Cdrdesign (Figure 2.1), wherein

participants were randomised using stratified ramdation procedures into a Treatment or
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Wait-List Control group. All children were then ted at two time points: initial assessment
(T1) prior to any intervention and post-interventassessment (T2) twelve to fourteen weeks
following the initial assessment.

The length of waiting time was matched to the Ilangt time in treatment, 12 to 14
weeks. The waiting time between diagnosis and vetgiaccess to support services in the
community is approximately 10 months (Keenan, Ditlerger, Doherty, Byrne, & Gallagher,
2010; Renty & Roeyers, 2006), thus waiting timehis study was seen to be comparable,
reasonable and appropriate. Furthermore, the tifrteeosecond round of post-intervention
assessment (T2) was matched across participantsder to decrease threats to internal
validity (see Appendix F). Lastly, both groups wenenitored for other treatment services
that they may be enrolled in through the use ofrd@@rvention Record Form (Appendix D)
with families asked to complete Part A and B if théd was in the Treatment group and Part

B only if the child was in Wait-List Control group.
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A-priori inclusion and exclusion criteria were emytd to maintain a homogenous
sample and reduce the impact of pre-treatmentggaatit characteristics on results. Inclusion
criteria were as follows: (1) chronological age tafo to six years, (2) formal clinical
diagnosis of ASD or in the process of being forpnadsessed for a diagnosis of ASD from a
licensed NHS clinician, (3) difficulties in spontaus imitation skills as measured by The
Unstructured Imitation Assessment (McDuffie et 2007). Exclusion criteria for the study
were as follows: (1) having a primary sensory impaint (e.g. blindness, hearing loss), (2)
known presence of a seizure disorder, (3) majah liomplicationd (4) extreme prematurity
at birth (3+weeks), and (5) known presence of aogmnetic disorder (e.g. Down Syndrome,
fragile X Syndrome). There were also exclusionecidt set for after T1 assessments that
included: (6) not meeting the ASD criteria on AdgtiDiagnostic Observation Schedule —
Generic (ADOS-G,; Lord et al., 2000) or (7) havindevelopmental age below 15 months on
the Mullen Scales of Early Learning (MSEL; Mullek§95). Children were not excluded on
the basis of gender, intellectual ability, challexggbehaviours, or autism symptom severity,
in order to have a sample heterogeneous enougiotiuge generalisable conclusions to the
larger ASD population.

Stratified randomisation was used whereby partidpawere first matched on
chronological and expressive language age (assasbéy the expressive language scale of
the MSEL) before being randomised to one of the éwperimental conditions. As previous
research indicates a strong association betwedatiom and expressive language, expressive
language was chosen as a matching criterion (Charebaal., 2000; Ingersoll & Meyer,

2011). Furthermore, expressive language is coreidarmore stringent matching criterion

3 Major birth complications were assessed usingitsedection of the Early Developmental History
guestionnaire (Golding, 2009), which asks questamsind pregnancy and birth of the child. If any
complication was reported by parent, it was thealtdeith on a case-by-case basis to decide if tmepdication
reported is known to have an effect on developrireahy way. Only two parents reported major birth
complications and these are discussed in Chapter 3.
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than non-verbal mental age and has been used psiviin many studies of autism
(Ingersoll, 2010b; Ingersoll & Lalonde, 2010). Téfare, participants were matched within +
9 months on chronological age and+4months on expressive language age. Six months of
expressive language was decided as criterion b@sedrms used for standardised tools that
suggest changes in scores on the Mullen Scalesady Eearning after 6 months of re-
administration (Mullen, 1995). Nine months on clolmgical age was used as criteria based
on previous research. Using a coin-flip methodheatld was randomly assigned to one of
the two groups: Treatment or Wait-List Control gvouf there was a child already in the
study who matched the incoming child on chronolabage and expressive language age, the
incoming participant was assigned to the contrastig that is, if a child in the Treatment
group matched on chronological and expressive lagguge with the incoming child, the
incoming child was assigned to the control group.

The Treatment group received 20 sessions of RIT athately after the first set of
assessments (maximum period between last day e$sment and beginning of intervention
was controlled to 14 days), over a period of 12ksefer a duration of one hour, twice or
three times every week; while the Wait-List Contgobup continued to receive community
intervention as usual. After a period of 12 weghaticipants in both groups were invited
back for a second set of assessments (T2). Folipwhe T2 assessments, the Wait-List
Control group received 20 sessions of RIT.

Data from the two groups were analysed for initisfferences at T1 using two-tailed
independent samples t-tests. Treatment effects weea examined by statistical tests
examining the effects of Group (Treatment, WaittLend Time (T1, T2) using experimental

change measures.
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An independent postgraduate research assistant, wd® blinded to the group
assignment of participants, administered all printehavioural outcome measures at T1 and
T2. Further, the outcome measures were scored $8t af undergraduate student research
assistants who were also blinded to group assighraed timing of assessment of the
participants. This double-blinding procedure mirsed examiner biases while administering
and scoring assessments.

The Wait-List Control group received 20 session®Hf after T2 assessment. Nine out
of twelve participants received RIT training affE2 assessments while three participants
dropped out (attrition rate 25%). However, timingntrol could not be maintained in this
group. Three out of the nine participants began tRi€e months after T2 assessments while
two participants began RIT five months after T2eassments. As time of assessment and
intervention differed by three months, and becauiske developmental age of the children in
the present sample, T2 assessments were not catsidevalid representation of imitation
skills immediately before beginning RIT. Althougimet Wait-List Control group was
reassessed on the behavioural change measureRE&ft@r3), due to the time lag between T2
assessment and the beginning of RIT for most paatnts, the Wait-List Control group data

was not considered fit for any analysis post T2.

2.3. ETHICAL CONSIDERATIONS

The present study was approved by the Ethical Re@emmittee at the University of
Birmingham (Appendix A). Various ethical consideras were addressed while designing
and conducting the research. Internal Review Begguroved informed consents were taken
from parents/caregivers (Appendix B). Data protecttivas ensured using strict protocols
developed in the Cerebra Centre for Neurodevelopmh@&nsorders at School of Psychology,

University of Birmingham. Potential risks to chiir were minimised by ensuring good lab
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conditions, regular safety checks, and by usindddhiendly materials and techniques.
Parents/caregivers were made aware that they edgtidraw from the study at any time and
this would have no adverse repercussions for tméyfaor child. For a detailed description of

all ethical considerations see Appendix A.
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CHAPTER 3

PILOT QUASI-RANDOMISED CONTROLLED TRIAL
OF THE EFFECTS OF RECIPROCAL IMITATION TRAINING

ON IMITATION SKILLS IN CHILDREN WITH AUTISM
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3.1. INTRODUCTION

Butterworth (1999) defined imitation as “when omelividual voluntarily reproduces
behaviour as observed in another who acts as tlielnior the form of a behaviour” (p.65).
Like most skills in infancy, imitation has a dyadiemponent, developing during interactions
with caregivers. Observational studies of early meotchild interaction have found that a
greater number of imitative acts by the mother significantly associated with greater
imitative behaviour in their infants (Masur, 2008k discussed in Chapter 1 section 1.1.2.1,
the very social-communicative nature of imitatiomsbeen proposed to form the basis for
critical aspects of language development (Batesié,[®002; Carpenter, Nagell, Tomasello,
Butterworth, & Moore, 1998), pretend play (Nielsemissanayake, 2004), learning tool-use
(Nagell, Olguin, & Tomasello, 1993; Want & Harr&)02), and acquiring ways of the culture
(Butterworth, 1999; Uzgiris, 1999; Over & Carpen@d13). Therefore, imitation seems to be
an extremely important skill which helps to threagether child social development and
learning from infancy to early childhood (See sattl.1.2.1 for a review).

Research on children with autism suggests a p#atieonpairment in imitation skills
(Williams et al., 2004). Impairments have been fbimvarious forms of imitation, including
action-on-object (Charman et al., 1997; Williamsakt 2004), deferred imitation (Rogers et
al., 2008), gesture imitation (Ingersoll & MeyefQ12; Smith & Bryson, 2007), and social
aspects of imitation (Ingersoll, 2008a; McDuffie &t, 2007, see also section 1.1.2.2).
Deficits specific to the social nature of imitatidrave been repeatedly found in this
population (Ingersoll, 2008a,b; see section 1.).ZDAwson and Adams (1984) found that
children with autism showing lesser social behargo(i.e., looking, gesturing, smiling,

vocalising, and touching the experimenter) alsowstblesser spontaneous imitation. This
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discrepancy in spontaneity of imitation versus poted or elicited imitation highlights the
dichotomy of imitation skills in children with agtn where the skill per se may be preserved
or delayed but the social/contextual nature of leiing the skill may commonly be where the
impairments lie. This early social, spontaneoudatitn deficit also provides support for the
social motivation theory of autism (Van Etten & @ar, 2015). Recent studies examining
visual attention during action observation for mtibn in children with autism further support
this notion of underlying social motivation defgi{Gonsiorowski, Williamson, & Robins,
2015; Ingersoll, Schreibman, & Tran, 2003).

In light of the perceived importance of imitation development and the imitation
impairments that have been associated with chilerigéim autism, a number of intervention
programmes have focused on teaching imitationsski$pecifically, spontaneous, social use
of imitation has been targeted previously with s@necess in this population (Dawson &
Adams, 1984; Hwang & Hughes, 2000; Klinger & Dawsb892). Ingersoll (2008a, 2010Db,
2012) developed a focused intervention programjdRecal Imitation Training (RIT), which
teaches children with autism spontaneous socidhton in a naturalistic play based setting
(see section 1.2.3). There is growing body of neseaupporting RIT as an evidence-based
practice for this population (Ingersoll, 2010b, 201Ingersoll & Gergans, 2007; Ingersoll,
Lewis, & Kroman, 2007; Ingersoll & Schreibman, 2p06-urthermore, studies have
suggested that RIT also has collateral effectsamguage, play, and joint attention skills
(Ingersoll, 2012; Ingersoll & Lalonde, 2010; Ingats& Schreibman, 2006). Owing to this
promising dataset of positive effects in experiméstudies, RIT has been recognised as an
“emerging evidence-based early intervention” foildren with autism (Wong et al., 2015).

As mentioned in Chapter 1 section 1.2.3, a linotatin RIT research that has been
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consistently found is lack of external replicatistudies (Wong et al., 2013; Wong et al.,
2015).

An important factor affecting treatment outcome ttheas gained recognition is
individual child characteristics (see Chapter 1ltisacl1.2.4). A previous RCT of RIT
evaluated pre-treatment verbal and non-verbal rheaga, spontaneous play and joint-
attention as predictors of outcome and found oplyntaneous play to be correlated with
change through RIT (Ingersoll, 2010b). However aded in Chapter 1 section 1.2.4,
chronological age, 1Q and autism symptomatologyehbeen shown to predict treatment
outcome and may be important child characterigtitsencing outcome of RIT.

Thus, the aim of the present study was to condymitod randomised controlled trial
designed to replicate the previously observed hieheal effects of RIT in an external
laboratory. Specifically, the study aimed to repléc the previous effects of RIT on social
imitation skills by examining effects on spontangoand elicited imitation. It was
hypothesised that children with autism receivin@ R4ll show significantly greater gains in
spontaneous imitation (as measured by the Unstegtimitation Assessment) compared
with a Wait-List Control group. Secondly, it waspoghesised that children with autism
receiving RIT will show significantly greater gaims elicited imitation (measured by the
Structured Imitation Assessment) compared with atrob group. The second aim was to
explore association of child characteristics obclmogical age, autism symptoms, and verbal

and non-verbal mental age, with changes in imitgpiost-RIT.
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3.2. METHODS

3.2.1. Participants

Thirty-six children with an Autism Spectrum DisorddSD), or suspected ASD, aged
between two and six years were recruited for ppdton from the Greater Birmingham
region via various service agencies including passpport groups, NGOs such as Autism
West Midlands and Cerebra, along with advertisemensocial media (e.g., Facebook), and
by word of mouth. Flyers were also distributed e tocal community, and parents who
expressed interested were telephoned to explainsthdy in detail and obtain initial
agreement to participate. A brief phone intervieaswonducted to determine if the child met
the initial criteria for participation. Exclusiomiteria® for participation in the study included:
(1) having a primary sensory impairment (e.g. biesk, hearing loss), (2) known presence of
a seizure disorder, (3) major birth complicatiofdy,extreme prematurity at birth (3+weeks),
and (5) known presence of a neurogenetic disoréay. (Down Syndrome, fragile X
Syndrome). There were also exclusion criteria fostpnitial assessments that included (6)
not meeting criteria for an ASD on the Autism Diagtic Observation Schedule — Generic
(ADOS-G,; Lord et al., 2000); (7) having a develomta¢ age below 15 months on the Mullen
Scales of Early Learning (MSEL; Mullen, 1995); 8) (eaching ceiling performance on the
Unstructured Imitation Assessment (UIA; McDuffieagt, 2007).

Six children were excluded from participation felimg the initial assessment, based
upon these criteria: mental age of below 15 mofrhs 1), did not meet the ASD criteria on
the ADOS-G i = 2), reached ceiling on the UIA € 1), diagnosis of seizure disordarH 1)

and diagnosis of genetic disorder £1). Out of the total sample recruited, six clefr

* These criteria are defined in Chapter 2, howevettfe purpose of completeness of the chapter hese b
mentioned again.
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dropped out of the study. Five children dropped aitlier after or during the first round of
pre-assessments. Reasons given included time camentitrequired{ = 2) and distance
between the participants’ home and the researabrdédry @ = 2). Contact could not be
made with one family and therefore the reason fapdut remains unknown. One child
dropped out during the intervention stage of thieysdue to a diagnosis of hearing loss.

A total of twenty-four children were included iretliinal sampleTwenty two children

had received a clinical diagnosis of Autism Speutidisorder from a licenced NHS clinician,
and two children underwent clinical assessmentghgaNHS and were being monitored for
six months, though they all met the criteria forAartism Spectrum Disorder on the ADOS-G
(Lord et al., 2000) as administered by a researelable administrator. Participant
characteristics are described in Table 3.1. Indépeinsamples t-tests and chi-square tests
were conducted to analyse the two groups for diffees on age, gender, ethnicity, hours of
outside intervention, non-verbal mental age, verbahtal age, autism severity and imitation

abilities at T1. No significant differences wereihal between groups (Table 3.1).
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Table 3.1: Participant characteristics by group.

Group M (SD)

Treatment Wait-List let df p-value
(n=12) Control (two-tailed)
(n=12)

Gender (% male) 58.3% 83.3% 1.82 1 0.18

Ethnicity 92% 66.7% 2.27 1 0.13

(% minority status)

Chronological Age 46.1 44.1 0.27 22 0.79

(in months) (15.4) (15.8)

Nonverbal Mental Age 25.5 22.7 0.71 22 0.49
(10.8) (8.2)

Verbal Mental Age 15.7 16.5 -0.18 22 0.86
(8.4) (12.8)

ADOS total score 14.17 14.67 -0.32 22 0.76
(3.6) 4.1)

SCQ 21.9 22.8 -0.34 21 0.74
(7.6) (4.8)

Q-CHAT 54.8 50.1 0.83 11 0.43
(7.8) (11.8)

Adaptive Behaviour 67.1 65.3 0.36 19 0.73

Standard Score (VABS)

Hours of outside 4.33 8.5 -1.0 22 0.32

intervention per week (7.9) 12)

Elicited Imitation 8.6 9.9 -0.79 22 0.80

(T1, SIA) (12.2) (13.7)

Spontaneous Imitation4.58 6.75 -0.25 22 0.44

(T1, UIA) (5.5) (7.7)
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3.2.2. Design and Procedurd

The present study was designed as a quasi-Randb@a#rolled Trial (see Chapter 2
for details). Briefly, after receiving consent foarticipation participants were assessed (T1)
on a battery of developmental and behavioural nreasassessing the child’s cognitive,
language, and imitation skills. Based on the maigleriteria of chronological and expressive
language age children were randomised to two greupEreatment group or Wait-List
Control group. Children in the Treatment group reee RIT for 20 sessions for 12-14 weeks,
2-3 hours per week, while children in the Wait-L@sintrol group received treatment as usual.
Children in both groups were then re-assessed B#d¥ weeks (T2) on imitation measures,
to determine whether group differences in perforceanere associated with the intervention.
Following the second round of assessments, theataroup received 20 sessions of RIT for

a period of 12-14 weeks.

3.2.3. Measures
All participants underwent series of assessmeiatscdn each be categorised into one of
the following: background history questionnairegsaiptive behavioural measures, and

primary outcome measures.

3.2.3.1.Background History Measures
Parents were asked to complete a packet of quesii@s in order to provide detailed

information regarding their child’s developmentvasl as familial history.

® The study design has been discussed in Chaptedéail. A brief summary is provided here for thepose of
completeness of the chapter.
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The Early Developmental History Questionnaire (Gai¢ 2009) is a non-standardised
clinical support tool aimed at collecting early depment information. The questionnaire
targets six broad domains: pregnancy, birth arst fimonths, language development, social
development, self-help skills and motor developmplatly and use of imagination, and other
behaviours. Each domain focuses on development biotin up to 36 months of age. This
questionnaire was given to parents before the Sésasnents in order to collect information
regarding birth and development during the firsaryef life. This was primarily conducted to
assess exclusion criteria of prematurity at birtt major birth complicatiofis

Family History Questionnaires were completed betbeeT1 assessment and included
four questionnaires: mother, father, sibling, @adticipant history (see Appendix C). Each
questionnaire included questions regarding theviddal's development, schooling details,
details of any major health complications, alonthvdetails of any family history of a mental
health and/or developmental disorder. These quesices were developed with the purpose
of informal data collection of clinical researchfarmation for a study of infant and child

siblings of individuals with autism at the Univeysof California, San Diego.

3.2.3.2.Autism Screening Measures

Two Level 1 autism screening measures were usedialSdCommunication
Questionnaire (SCQ; Rutter, Bailey, & Lord, 2008) €hildren 4 years and above, and the
Quantitative Checklist for Autism in Toddlers (QCHAAllison et al., 2008) for children 18
to 24 months. Both screening questionnaires assegzesence of social and communication

skills and any restricted, repetitive behavioursnberests. A score of 15 on the SCQ and 50

® Two parents reported birth trauma but upon enqoiity parent reported that they considered forcepisedy
as birth trauma even though there was no trauntlaetahild due to forceps use. The other parentrtegdhat
due to twin birth the child had lack of oxygen andial difficulties in breathing though the chilgecovered
within five minutes of birth. They were kept unddaservation but no serious medical complicationeeweted.
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on the QCHAT are the recommended cut-off criteri@ Autism Spectrum Disorders
symptomatology.

In the study, screening measures were administeased on the age of the participant.
However, the SCQ has been found to have high $ats{©©3%) for children from 2 years to
6 years of age (Allen, Silove, Williams, & HutchjrZ007). Thus, it was administered to all
children over 2 years. All parents completed theewing questionnaires and all children in

the final sample scored high on both the SCQ aedXGHAT (Table 3.1).

3.2.3.3.Descriptive Measures

3.2.3.3.1. Mullen Scales of Early Learning

Mullen Scales of Early Learning (MSEL; Mullen, 1995s a standardised
developmental assessment battery for children fborin to 68 months of age with five
subdomains: Gross Motor, Fine Motor, Visual Reaepti Receptive Language and
Expressive Language. Each scale comprises of atiegaasks. Some tasks involve parental
input and assistance. Iltems are presented in arbiecal order of difficulty with basal
criterion of passing three consecutive items arlingecriterion of three consecutive zeros.
Raw performance scores are converted to T-scateséar each subscale. Raw scores for the
four cognitive subscales (visual reception, fingenoreceptive and expressive language) can
be summed and converted to an Early Learning Comep&andard Score that offers a
measure of overall cognitive functioning.

For the purposes of this study, the four subscéles:motor, visual reception, receptive
and expressive language were administered, asto@gand language functioning were of
primary interest. However, T-scale scores could lp®tobtained for all children due to

severity of intellectual disability. Therefore, grage equivalent data for all children and all
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domains was computed. The MSEL is a stable meaduwerbal and non-verbal abilities in
ASD and has high convergent validity with other swas of cognitive assessment such as
the DAS (Bishop, Guthrie, Coffing, & Lord, 2011).was, therefore, used to calculate Verbal
and Non-Verbal Mental Age, respectively. Mean agaivalents for fine motor and visual
reception scales were calculated to obtain a Namdeviental Age (NVMA) and mean of
age equivalents for receptive and expressive laggueere used to obtain a Verbal Mental

Age (VMA) for each child (see participant charardics Table 3.1).

3.2.3.3.2. Autism Diagnostic Observation Schedule — Generic

The Autism Diagnostic Observation Schedule — Gen&DOS-G; Lord et al., 2000),
is a semi-structured play-based observational, daetaised assessment that measures
symptoms associated with Autism Spectrum Disoréf@ur different modules have been
developed and one module is given per participadtia chosen based on verbal ability and
chronological age of the individual. Each modulsegsses the individual on four primary
domains of reciprocal social interaction, languaged communication, stereotyped
behaviours and restricted interests, and play/inedgin.

An administrator trained to research reliabilitfind to group assignment of the
participants, administered the ADOS at both intakd follow-up assessment. All children,
except two, received Module 1 during the intakeegsssient process, as verbal ability of
participants comprised of single words. Two childreeceived Module 2, as they had
developed phrase speech. All children in the fgahple § = 24) met the criteria for ASD

based upon their performance on the ADOS.
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3.2.3.3.3. Vineland Adaptive Behavior Scales — Second Edition

The Vineland Adaptive Behavior Scales (VABS-2; 3par Balla, & Cicchetti, 2005)
is a semi-structured parent interview that assessesnunication, daily living skills, social,
and motor skills in individuals aged from birth 8 years. The VABS is a standardised
assessment tool that provides age equivalents tartlasd scores for each of eleven
subscales, as well as overall adaptive functioning.

The VABS was conducted either face-to-face or enpitone with a parent. Of the final
sample of 24 participants, parents of 21 childremgleted the VABS. The first three
children were enrolled in the study during the frofeconcept stage where VABS was not
included in the assessment battery. The Adaptivetder Standard Scores for children in the
Treatment group were comparable to those of childrehe Wait-List Control group (Table

3.1)

3.2.3.4.Primary Outcome Measures

3.2.3.4.1. Unstructured Imitation Assessment

The Unstructured Imitation Assessment (UIA) is ama@ion of an assessment
developed by McDuffie and colleagues (McDuffie ket 2007); and has been used in research
on the effects of RIT previously (e.g. IngersolD1Pb). The UIA is a play-based assessment
of spontaneous object and bodily-gesture imitatroran unstructured setting. The UIA is
conducted in a socially interactive manner, wheriigyexaminer engages in free-play with
the child in a room full of two sets of several dimpmentally appropriate toys. The examiner
then alternates imitating the non-verbal behaviiuthe child and modelling actions for the
child to imitate. While modelling actions to theildh the examiner verbally describes each

action. No explicit prompts, instructions, or peaigre provided for the child imitating the
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examiner's actions. There are two scales derivenh fihe UIA: object and gesture imitation

scales (Appendix E). Each scale is composed ofnietels with each model presented to the
child three times irrespective of presence or atxsef an imitative response. The child’'s

responses are scored on a scale of 0-2, wherefi@cts either no response or an incorrect
response, ‘1’ for partial correct imitation, and f@&r complete correct imitation. The highest

score on each scale is 20 and the total scoreeodlh ranges from 0-40.

The UIA was the primary outcome measure to evalubhte effect of RIT on
spontaneous imitation skills of children with aatisn the context of an unstructured play
setting. The UIA was administered to participarite@h T1 and T2 by an examiner who was
blinded experimentally to the group assignmenteffarticipants. Three blinded independent
observers analysed all UIA videos. In order to wlale inter-rater reliability, an interclass
correlation coefficient (ICC) analysis was employasl scoring used a Likert scale and
weighted Kappa can be used only for two observdrdewhis study had three observers
(Hallgren, 2012). Norman and Streiner (2008) hasmahstrated that weighted kappa with
guadratic weights for ordinal scales gives idemticalues to single measures ICC and
therefore the two can be used interchangeably @kéadl 2012). Inter-rater reliability was
assessed for 25% of the videos using a two-wayedoonsistency single-measures ICC and
was found to be .99. This indicates excellent agpesd between the independent coders and

minimum measurement of error.

3.2.3.4.2. Structured Imitation Assessment
The Structured Imitation Assessment (SIA) was asthjfitom the Pre-school Imitation
and Praxis Scale (PIPS), described in Vanvucheles. g2011b), for the purpose of this

study. The SIA was chosen over other measuresruétgted imitation because the PIPS,
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from which the SIA has been adapted, is one obtilg measures of imitation that has been
standardised on both typical and autism populatirenvuchelen et al., 2011b). The
drawback of the PIPS is that it has been standatdisly on a Dutch population and English
translations of the measure were unavailable. Thexean adapted version of the PIPS,
based on the descriptions provided in Vanvucheiah €2011b), was used.

The SIA is a structured assessment measuringeglioit prompted imitation in children
with autism. This 30-item assessment measures ddfarent aspects of imitation: single
bodily imitation, sequential bodily imitation, gedirected procedural imitation, and non-goal
directed procedural imitation (for definitions se€hapter 1, Section 1.1.2.1.1).
Simultaneously, it measures three different kinflsnitation: action-on-object, gestural and
facial imitation. Scoring ranges from 0-4 where soitems were scored on a three-point
Likert scale (0-2), others from 0-3, and a few ofiva-point scale from 0-4 (Appendix E).
According to the guidelines, three practice taskes administered at the beginning of the
assessment. The aim of these practice tasks islpotte child understand the nature of the
assessment and what is expected. Each practicastaskministered three times, and every
time the child does not respond or gives an incbmresponse the examiner physically and
verbally prompts the child to complete the taskstTi'ems are administered only once, with
no verbal or physical prompt provided to the chufgtbn no response. The examiner presents
the task, gives a brief instruction, “You do ithdawaits for five seconds for child to respond.
No reinforcement is given for imitation.

The SIA was administered by an experimentally dohéxaminer at T1 and T2. Three
blinded independent observers analysed all of tAevieleos. For the UIA, a two-way, mixed

consistency single-measures ICC was deemed apat®pgad index inter-rater reliability on
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25% of the videos. ICC was found to be .89. Thilidates excellent agreement (Cicchetti,

1994) between independent coders and minimum measut of error.

3.2.4. Intervention

Reciprocal Imitation Training (RIT), as describ@dGhapter 1, Section 1.2.3, is a play-
based naturalistic behavioural developmental imtetion for children with autism. RIT has
three primary goals: increasing social reciprocdand intrinsic motivation, teaching
spontaneous object and gesture imitation, and gksation of imitation in natural settings
(Ingersoll, 2008a).

All children received 20 sessions of RIT acrossd 24 weeks. At the beginning of the
study families were asked to visit three times &kvior one hour per visit. However, four
families initially recruited reported the numbenadits to be too high and therefore an option
of two or three visits a week was provided. In sasben families missed sessions, the time
period between two sessions was controlled to maxirof 14 days. Also, catch-up sessions
were held if the child had missed sessions for dysdwith up to four sessions in a week
being held to ensure all children completed RIThwithe maximum time frame of 14 weeks.
Intervention has been described here based onigkests in Ingersoll (2008b & 2010b).

Intervention was implemented in a large therapymroasually a different room from
that in which assessments were conducted (thrddrehireceived treatment in the same
room where assessments were administered). Thepthesom had a small table, two chairs,
one wall composed of a large one-way mirror, and movable cameras fixed to opposing
corners. All sessions were recorded and while tiagrparents had the option to watch the
session from the observation room or wait in awgitoom. Each child interacted with either

two or three therapists independently every ses&anh therapist selected five pairs of toys
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to play with the child for a period of 20 minutédter every 20 minutes the child interacted
with a different therapist using a different sett@ys. The toys were chosen based upon the
particular child’s play skills and interests, aratle toy had an identical pair that allowed the
child and the therapist to imitate each other'soastas closely as possible.

In each session, the therapist engaged primariljomtingent imitation to begin with,
imitating all verbal and nonverbal behaviour of théd, including actions, vocalisations, and
body movements during the play (Ingersoll, 2008ble therapist also used linguistic
mapping, defined as describing the child’s actiossg simple language around his/her
attention focus as well as expanding on the veubtarances made by the child (Ingersoll,
2008b). All of these techniques were designed toremse social reciprocity and
responsiveness (Ingersoll, 2008b; 2010b). Imitaticas targeted once the child began to
attend to the adult and, therefore, the first twessons for all children primarily involved
increasing social responsiveness. Social reinfoecgnm the form of praise was also used in
order to increase responsiveness. All children weraised for eye contact and
vocalisations/language along with imitation acts.

In order to teach imitation skills, the therapistdelled an action, either object based or
gesture based, three times in succession usirgpa\erbal marker accompanying the model,
e.g. “throw ball” (Ingersoll, 2010b). If the chilchitated the modelled action independently,
then he or she was praised for the imitation. ¥ tthild did not imitate the action
spontaneously within 10 seconds of the third medeltrial, the child was physically
prompted to imitate the action and then praisedtterimitation (Ingersoll, 2008b; 2010b).
The therapist then returned to imitating the chitdl using linguistic mapping.

Actions were modelled at an average pace of onermaetvery one to two minutes.

Praise was contingent upon spontaneous or promiptédtion, while at the same time
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precision in imitation was not crucial and evenedied attempts were praised such that
accuracy of the imitated behaviour in response teodel was not of importance (Ingersoll,
2010b). Furthermore, to increase social imitationplay, multiple actions were modelled
throughout the session based on child’s interetterathan teaching specific actions
(Ingersoll, 2010b). Actions were also varied fog #ame toy such that no specific action was
repeatedly associated with a specific toy (Ingér010b). Verbal markers remained the
same during the three repeated presentations Inét vegied across models to ensure that
imitation was not contingent upon language usegdefisoll, 2010b). Furthermore, to increase
spontaneity no instructions were given after a rh¢slech as “you do this”), questions were
avoided (e.g. ‘can you roll the ball’) and verbankers accompanying the models were often
descriptors of the action or sounds that incredbedchild’s attention to the action being
performed (e.g. ‘vroom! vroom!” while moving therdaack and forth). Lastly, as the child
interacted with different therapists through the dmour session and across sessions, it was
made sure that imitation did not become personispddse of varied models across toys and
therapists along with variations in language udedugh different sessions ensured that
imitation was not contingent upon any of these diectand therefore generalised across
therapists and play contexts.

The primary behavioural goals of intervention wégaching two kinds of imitation:
object and gesture. In order to teach object imiathe therapist modelled an action using an
object (e.g. ‘roll the ball’). Actions were modeall@round the child’s attention focus and the
objects the child was engaged with. Object imitatmodels included sensorimotor (e.g.
rubbing a textured block), functional (e.g. rollinge ball) and symbolic (e.g. feeding a
dinosaur using a pretend spoon) play schemes amedviaetween children based on their

developmental level and play skills (Ingersoll, 00 2010b). Gesture imitation models
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included modelling a gesture around the child'sy&g. ‘'oh no!” with hands on face) and
these ranged from conventional gestures (e.g. Wwasay ‘hi’) to affective (e.g. rubbing eyes
to show ‘crying’) and descriptive (e.g. hands upl ande open to show ‘big ball’) gestures
(Ingersoll, 2008b). All children received both otfj@nd gesture imitation training, although
the complexity of the model depended on the chitdigent developmental level. For seven
children object imitation was taught for the fitsh sessions solely and gesture imitation was
then slowly introduced. For five children both atij@nd gesture imitations were targeted

together.

3.2.4.1.Therapist Training and Fidelity of I mplementation

All treatment sessions were delivered by the au#t®ithe lead therapist along with
other trained therapists including graduate levetlents, clinical psychology trainees and
undergraduate students. A total of 17 students waneed over the three years on RIT. Each
participant was assigned three therapists who vdovkieh the child throughout the duration
of the 20 sessions. Therapist retention was aertngdl as most therapists were undergraduate
volunteer students. Further, although all therapistre kept blind to treatment allocation, the
author was the lead therapist for every child ngogitraining. Thus, therapist bias could not
be controlled for completely and results may beuariced by the author's role in
implementation of RIT.

The author trained all therapists and is a traiRdd trainer. Training included
completing the online training developed by Dr Bee@dngersoll and her team at the School
of Psychology, Michigan State University, MichigadSA. All therapists-in-training then
completed three live practice sessions, two 10 tagigessions and one 20 minutes session,

in which they were scored for correct implementatad RIT. Fidelity of implementation
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refers to ensuring that therapists are carrying thé intervention the way it was
conceptualised and manualised (Wainer & Ingers@dl13b). The RIT Fidelity Form
(Ingersoll & Lalonde, 2010) was used to score airmese of the six elements of RIT:
contingent imitation, linguistic mapping, modellirgrompting, praise, pacing. The form uses
a 1 to 5 Likert scale, with higher scores indicgtgreater correct implementation. Scores
were averaged across these six elements to givegke didelity composite score for each
session. Composite scores of four or above wersidered adequate fidelity. All therapists-
in-training were scored for fidelity by a blind Rtilainer at the Michigan State University and
each therapist achieved 80% correct implementatiail three-practice sessions. Therapists

were assigned children only when fidelity was aebdkin the three practice sessions.

3.3. RESULTS

Mean scores of the behavioural change measures amalgsed for normality using
Shapiro-Wilk Test. Scores on all measures violdatesl assumption of normality (>0.05).
Visual inspection of histograms revealed that aatee positively skewed. In order to correct
for skew, log transformation was used however, las data had many zero values
transformations were unsuccessful. Therefore, nolyparametric statistics were conducted.
Additionally, standard deviations were found toléger than the means on many subscales

and therefore median and range scores have beere@n tables.
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3.3.1. Primary Analyses
Change scores for each scale and subscale of eacsure were obtained by
subtracting T1 assessment scores from T2 assessoams. Mann-Whitney tests were

then conducted on the change scores to identifynrent effects.

3.3.1.1. Spontaneous I mitation

In order to identify changes in spontaneous inotatas a result of intervention, mean
total scores (object + gesture imitation domainregpobtained on the UIA were compared
across groups and time (Table 3.2). Results inglicHtat children assigned to the Treatment
group made significantly more gains in spontandoutation than did children assigned to
the Wait-List Control groupy = 28,p = 0.01; Figure 3.1).

In order to examine whether RIT had equivalentat$f@n object and gesture imitation,
effects were further analysed separately for chacgees on the object and gesture imitation
subscales of the UIA (Table 3.2). The results iatid that children assigned to the Treatment
group changed significantly more in object imitatioom T1 to T2 compared with the Wait-
List Control group U = 18.5,p <0.01; Figure 3.1). However, no differences wdrsenved in

change scores of gesture imitation between thepgr@i= 56,p = 0.33; Figure 3.1).
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Table 3.2: Median and range scores of participatt31 and T2 on the UIA.

Scale Treatment Wait-List Control
(n=12) (n=12)
T1 T2 T1 T2
Spontaneous 3.0 7.5 4.5 1.5
Imitation Total (0-20) (0-33) (0-22) (0-31)
Object Imitation 3.0 7.0 4.0 15
(0-14) (0-17) (0-16) (0-18)
Gesture Imitation 0.0 1.0 0.0 0.0
(0-6) (0-16) (0-10) (0-13)
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Figure 3.1: Spontaneous, object and gesture inatatin children with autism in the
Treatment (n=12) and Wait-List Control (n=12) groap T1 and T2. Error bars represent

standard error/

” Al error bars represent standard error in theighédso, * signifiesp<0.05 & ** signifiesp <0.01 throughout
the thesis.
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3.3.1.2. Elicited Imitation

Total scores were obtained from the SIA by sumntaggether the four subscale scores:
single bodily imitation (SBI), sequential bodily itation (SQB), goal-directed procedural
imitation (GDP), and non-goal directed proceduraltation (NGDP; Table 3.3). Change
scores were analysed for change in elicited inoitatfrom T1 to T2 to ascertain effect of RIT
on the Treatment group. No significant group ddfezes were observed between the
Treatment and Wait-List Control groups on SIA tathdnge scored)(= 51,p = 0.22; Figure
3.2). Non-parametric analyses on change scoresafcit subscale also showed no significant

difference between groups from T1 to T2, SBI£ 41.5,p = 0.07), GDP = 47.5,p = 0.15)

SBQ U =45,p=0.10), and NGDPU = 55,p = 0.26; Figure 3.3).

Table 3.3: Median and range scores for participaaitd 1 and T2 on the SIA.

Scale Treatment Wait-List Control
(n=12) (n=12)
T1 T2 T1 T2
Elicited Imitation Total 3.5 10.0 4.0 3.5
(0-44) (0-44) (0-34) (0-49)
Single Bodily Imitation 0.0 5.5 1.0 0.0
(0-23) (0-28) (0-25) (0-27)
Sequential Bodily Imitation 0.0 1.0 0.5 0.0
(0-4) (0-6) (0-3) (0-3)
Goal Directed Procedurall.5 2.0 15 1.0
Imitation (0-11) (0-11) (0-8) (0-11)
Non-goal Directed Procedurall.0 0.0 0.0 0.0
Imitation (0-6) (0-3) (0-6) (0-8)
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Error bars represent standard error.
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3.3.2. Secondary Analyses

Child Characteristicsin order to answer the second aim of the study|oeafory analyses

were carried out to examine whether child charettes before treatment predicted
intervention effects. As significant interventioffeets were only observed in spontaneous
imitation scores, only UIA change scores were usedhese analyses. Nonparametric two-
tailed correlations using Spearman’s rho were edrout between spontaneous imitation
measure (UIA) change scores: total, object imitadad gesture imitation change scores, and
chronological age, NVMA and VMA as measured by M8EL and all ADOS domains
(Table 3.4).

Total spontaneous imitation change scores werenodddo be negatively correlated
with reciprocal social interactiorrs(= - 0.67,p <0.01), and stereotyped behaviours and
restricted interestsd{= - 0.61,p = 0.01) as indexed by the ADOS.

ADOS domain of reciprocal social interaction wagjatevely correlated with object
imitation (s= - 0.61,p = 0.03), while stereotyped behaviours and restlighterests domain
was negatively correlated with gesture imitatiomgds= - 0.66,p = 0.02).

Spearman’s rho correlations were also calculatedHe Wait-List Control group in
order to ascertain that variables related to chaveye specifically associated with treatment
and not other factors such as time (Table 3.5).eNohthe child characteristics of age,
NVMA, VMA or ADOS domain and total scores were asated with change in imitation

scores over time in the Wait-List Control group.

74



Table 3.4: Correlations between pre-treatment chitlaracteristics and change in

spontaneous imitation scores for Treatment groufl @)

Spontaneous Object Imitation Gesture Imitation
Imitation
Chronological Age -0.51 - 0.50 -0.04
Non-verbal mental age 0.37 0.24 0.34
Verbal mental age 0.04 -0.04 0.09
Social interaction - 0.67 -0.61 -0.51
Communication 0.03 0.07 0.16
Stereotyped Behaviours - 0.61 - 0.55 -0.66
and Restricted Interests
Play -0.26 -0.18 -0.21
ADOS Total Score -0.38 -0.36 -0.15

*Correlation is significant at 0.05 level (2-tailed

Table 3.5: Correlations between pre-treatment chitlaracteristics and change in

spontaneous imitation scores for Wait-List Congup (n=12)

Spontaneous Object Imitation Gesture Imitation
Imitation
Chronological Age 0.47 0.20 0.26
Non-verbal mental age 0.15 -0.26 0.16
Verbal mental age 0.24 -0.16 0.17
Social interaction -0.21 0.10 -0.24
Communication 0.10 0.25 0.02
Stereotyped Behaviours - 0.04 - 0.26 - 0.09
and Restricted Interests
Play -0.04 0.38 -0.04
ADOS Total Scores -0.11 0.16 -0.16
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3.3.3. Patterns of Individual Change

In order to explore individual patterns of chanthe, Reliable Change Index (RCI) was
calculated. The RCI is a statistic that helps tdaustand if an individual participant’s score
has changed reliably, more than that can be exlaby errors of measurement (lverson,
2011). The RCI was calculated on both the Treatnaswt the Wait-List Control group
separately (using the Leeds Reliable Change Irafic&tmple Excé™ Applications; Morley
& Dowzer, 2014) in order to tease out patterns thay be specifically associated with RIT.
Further, the RCI was calculated on both measureshahge, that is, UIA and SIA to
understand individual patterns of change on thedifferent kinds of imitation skills.

On the measure of Spontaneous Imitation, it waaddbat four children demonstrated
reliable change on total UIA scores in the Treatnggaup, while one child showed reliable
change on the total scores in the Wait-List Congy@up. Also, no child in the Treatment
group deteriorated however one child in the WadtLControl group showed significant
deterioration from T1 to T2 (Figure 3.4). Similayn the Object Imitation subscale, four
children in the Treatment group showed reliablengeawhile none of the participants in the
Wait-List Control group showed change. Instead cmél in the Wait-List group was found
to deteriorate on object imitation from T1 to T2gre 3.5). Lastly, on Gesture Imitation
subscale, four children in the Treatment group amel child in the Wait-List Control group
demonstrated reliable change from T1 to T2 (Figuég.

Closer inspection of individual data showed thathe Treatment group, two children
changed reliably on all three UIA scores while tefoldren showed a significant change in
spontaneous and gesture imitation only. Anotherdiitiiren showed a change only on object
imitation scale. Looking carefully at child profdeit was found that the four children, who

changed on both the Spontaneous and Gesture nitstales, were the only four children in
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the sample who did not show any repetitive handady mannerisms or self-stimulatory
behaviours. This finding overlaps the significardgative correlation observed between
stereotyped, restricted and repetitive behaviourshe ADOS and spontaneous imitation

change scores suggesting that children who haverfemannerisms and self-stimulatory

behaviours may be more likely to benefit from RNisual inspection of participants’

profiles, who changed on Object Imitation in thediment group, did not show any clear
patterns. Visual inspection of Wait-List Controbgp data did not show any clear patterns of
child profiles that may be associated with theatdk change or deterioration on imitation

skills.
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Evaluating individual profiles on the Structureditimtion scores, it was found that one
child in the Treatment group improved on total S¢ores (Figure 3.7) as well as subscale
scores of single bodily imitation, sequential itida and goal-directed procedural imitation.
This child also improved on all UIA scores suggastihat RIT significantly impacted
imitation development for this particular partiapaand there was something individually
different about this child. Therapist notes suggiest this particular participant had very good
social reciprocity from the beginning of treatmenhile for all other participants that was a
treatment goal. However, social reciprocity was systematically assessed or analysed for in
the study to confirm this claim.

In the treatment group, one other child changedingle bodily imitation scale (Figure
3.8) and sequential bodily imitation; two other Idhen improved on sequential bodily
imitation only while one child deteriorated on ttesale (Figure 3.9), and three children
deteriorated from T1 to T2 on the non-goal direqgieacedural imitation scale (Figure 3.11).
On the other hand, in the Wait-List Control growmp, child changed significantly on total
elicited imitation scores (Figure 3.7) or singlediyy imitations (Figure 3.8); one child
deteriorated on sequential bodily imitation (Fig®®) while one child improved on goal-
directed procedural imitation subscale (Figure B.Hdd three other children improved on
non-goal directed procedural imitation subscalgyFe 3.11). Closer inspection of data did
not reveal any patterns in child profiles that wbille associated with reliable gains or

deterioration in elicited imitation skills in thevdé groups.
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3.4. DISCUSSION

This study examined the efficacy of RIT as an eartgrvention program focused on
teaching social imitation skills to children witlutesm. Behavioural results on spontaneous
imitation measure, UIA, provide evidence that Rifiproved spontaneous, social imitation
significantly with an adult in a play setting inilkclien with autism. Children in the Treatment
group showed greater gains in spontaneous imitatgmecially object imitation, as compared
to the Wait-List Control group. These findings addhe growing evidence base for RIT as

an efficacious focused early intervention programchildren with autism.

3.4.1. Spontaneous Imitation

The findings show that children with autism whoei®ed RIT were able to generalise
an acquired skill to a different play-based envinemt (assessment setting) and a new person
(blind assessor). This is important because laclspaintaneity in social interaction and
communication has been reported in autism liteea¢Ghiang & Carter, 2008) and the lack of
initiation in social interaction also forms part tfe key diagnostic criteria for autism
(American Psychiatric Association, 2013). Moreoveability to generalise and spontaneous
use of skills that have been acquired have beendfdo be core issues with some autism
intervention programs such that even though childvéh autism may acquire a skill within
treatment, the spontaneous use of it in a diffesmtting is often a challenge (Vismara &
Rogers, 2010). Thus, significant gain in spontgneit imitation is a highly encouraging
finding. The UIA also captures play-based sociatation in a back and forth interaction with
the examiner when no explicit instruction is givenimitate. This gain in social use of

imitation is important in order to help childreratea and develop more complex skills and
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language (Chiang & Carter, 2008). Previous studaes shown that children with autism are
significantly more impaired in social imitation Bgithan elicited/prompted imitation. The
current results show that children in the Treatmgrdup were able to engage more
successfully in spontaneous imitation-based dyederactions after RIT. Thus, the findings
provide support for RIT as an intervention thagéts spontaneity and social reciprocity in

imitation skKills.

3.4.2. Gesture Imitation skills

Although there were significant improvements in emjimitation, results regarding
gains in gesture imitation skills (Ingersoll, 20)0kere not replicated. Based on the RIT
manual, in the current study, object imitation ywasnarily targeted for seven children in the
intervention group while gesture imitation modelgrev introduced much later, post 10
sessions, as these children were found to havelémwelopmental ages and limited play. This
specific target of object imitation for more thaf% of the treatment group may have
affected the change scores on the gesture imitatate. Additionally, in the previous pilot
RCT of RIT, each child received 30 RIT sessiongéhsoll, 2010b), while in the present
study a total of 20 sessions were given to childrethe treatment group. The number of
sessions differed between studies primarily becatigatial parent feedback suggesting lack
of feasibility of more than two sessions per weekis was also demonstrated in retention
figures where, out of the 12 families only threeeagl to come for sessions more than twice
per week. The lower number of total hours of inéetion may therefore have had a direct
effect on results. Research from behavioural treatnrmodels has shown that number of
hours in intervention does have an impact on skijuisition (Granpeesheh, Dixon, Tarbox,
Kaplan, & Wilke, 2009; Virues-Ortega, 2010). Therefore, fewer hooray have been

adequate to produce changes in some skills budlh@tdditionally, these results suggest that

88



gesture imitation may be a more complex skill toquaee as compared to action-on-object
imitation. This is in line with ASD literature thatuggests bodily imitation and gestures,
specifically non-meaningful actions, may be mor@amed than action-on-objects (Stone et
al., 1997;Rogers,Bennetto, McEvoy, & Pennington, 1996gersoll & Meyer, 2011). It may

then be possible that children with autism needemargeted hours to learn gesture imitation

as compared to action-on-object imitation.

3.4.3. Elicited Imitation skills

With regard to the second hypothesis, the treatrgemip did not show a significant
change in elicited imitation as compared to thetrmbrgroup. There may have been many
possible reasons for this. Fewer total hours cfrugntion may have affected these results
suggesting that in order to learn elicited imitatichildren may need more dedicated hours.
Also, RIT is a focused intervention that targetsiglouse of imitation, and elicited imitation
may be a skill that has to be targeted specificallyorder to see treatment effects.
Furthermore, during treatment, children were prhise attempts at imitation while precision
of the model was not reinforced. Skills such asmdibn to task or instruction following were
not targeted explicitly. Conversely, the SIA (theeasure of elicited imitation) required
children to adhere to task, follow basic instruct{tyou do it”) as well as engage in sustained
attention on a table-top activity. The SIA is aitim scale with varying levels of difficulty
and involving items that ranged from action-on-gbjgnitation to sequential imitation to
facial imitation (see Appendix E). Additionally,dlscoring of the SIA stresses precision of
the model with a lower score given to less prea®ns (see Appendix E). Thus, one of the

main reasons for differential results in elicitetdtation may be the measure used.
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3.4.4. Child Characteristics and Individual Change

Evaluating the second aim of the study, child ctt@rsstics of social skills and
repetitive behaviours were associated with inteiieaneffects in the treatment group while
this was not observed for the control group. Atbe, RCI data showed that a greater number
of children had improved reliably in the treatmgraup (33%) compared to the control group
(8%) on spontaneous imitation skills. During visulaépection for patterns of individual
change it was seen that children with low self-statory behaviour tended to respond better
on spontaneous imitation. Thus, taken togethersetHendings suggest that children with
greater social difficulties and a higher numberstdreotypic and repetitive behaviours, as
assessed on the ADOS, were less likely to resporRRIT. This may be the case because
social responsiveness is an important first stepatds learning to imitate. Imitation in
general is known to increase responsivity betweemprs (Dawson & Adams, 1984; Rogers,
2006). However, children with significantly greasarcial impairments take longer than their
less impaired counterparts to show changes inls@sponsiveness and imitation (Dawson &
Adams, 1984). Furthermore, children who are seyarepaired in social interaction skills,
children with more stereotyped, repetitive may bssl socially responsive in general. In
support of this, it was observed that the child vemowed significant change on both the
spontaneous and elicited imitation measures wasihe child in the treatment group for
whom therapists noted high levels of social resptitys from the beginning of the
intervention. Therefore, responsiveness may begettédefore imitation training for children
who show greater severity in social difficultieslanore stereotypic behaviours and restricted
interests. At the same time, these results regardmld characteristics point towards the
importance of interventions being individualised éhildren with autism show a wide array

of strengths and difficulties, understanding whiaterventions are most effective given child
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characteristics will be an important next step (Waret al., 2011). There is a gamut of
treatment options developed for children with aatisnany of which are evidence-based.
However, non-responders to intervention are ofteer-tooked. Understanding the impact of
autism interventions on different children will pemove the field in the direction of
developing refined interventions which cater to avighrofiles as well as helping clinicians
decide on an intervention package that may befbeste child characteristics observed.
Finally, this study suggests that low-intensityused interventions can have an impact
on child learning. Only 20 hours of focused interen over a period of 12 to 14 weeks were
able to produce changes in an important aspeaaélsfunctioning in children with autism.
Future research may therefore focus on understgragid making interventions efficient both

in targets and time taken to achieve those targets.

3.4.5. Limitation and Future Directions

The current study was the first external repligatisal of RIT, adding to the evidence-
base for it being an efficacious intervention intpag social imitation skills for children with
autism. However, some limitations remain. A majaritation of the study was the sample
size. Small sized studies often lack power and itiakes the probability of a Type 1 error
high. This could be a possible reason for not figdeffects for gesture and elicited imitation.
For the current study, power was calculated udmegprevious effects observed in the pilot
RCT (Ingersoll, 2010; Appendix J). Power calculatiorevealed that minimum of 24
participants were needed in the sample for it ieelenough power to detect an effect 80% of
the time. However, the sample obtained was higképwed and variable, and many analyses
were not deemed fit. Small samples make interpogtadf data often challenging. In the

present study, the small sample size did affeerjmmetation of findings, as it is difficult to say
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if gesture and elicited imitation effects were regilicated due to problems with sample or are
representative of treatment effects. Thereforejréustudies with much larger samples will be
crucial in further determining efficacy of RIT.

Hours of treatment time in the present study wesgef than those in previous RIT
studies, therefore replication of previous resuitsy have been compromised by this variable
as opposed to intervention effectiveness more gégerAt the same time, results on
spontaneous imitation lend support to RIT beinge#ective intervention for teaching social
imitation skills in a short duration of time. Thesults suggest that fewer hours in targeted
intervention can lead to positive changes in ckiddwith autism. Children could not be
followed-up after training due to limited resourcAfhough the results suggest an immediate
gain in spontaneous imitation skills, stabilityg#ins is at present questionable. Further, as a
blind assessor was used to conduct all test admatians, and therapy and assessment rooms
were different, some transfer of skill may be ofeedrin the treatment group. Spontaneous
imitation gains show that children were able to egahse to a different setting and to a
different/new person. However, generalisation ¢ank and school environments was not
assessed and thus transfer of skills to othengstis not completely known.

The present study utilised an adaptation of a swahsed imitation assessment.
However, due to the nature of the assessment wesemphasis on skills such as attention to
task, comprehension of instruction, instructiondweing and attention regulation. Though
these skills were not directly assessed, most@nla the sample found the structured nature
of the assessment difficult. The nature of the @8sent may have then attenuated results as
children’s abilities may have been masked. In dystaoking at the effect of task behaviour
on scores on the Mullen Scales of Early Learningsh®omoff (2006) found that lower

scores on the various domains were associated hagtier off-task behaviours. Therefore,
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structured tasks may require additional skills,chhivere not targeted in RIT. To counter this,
the assessment was modified based on child regamsnand the assessment was conducted
sometimes in a cordoned corner of the room or an ftbor, but children with lower
developmental levels seemed to still perform wareethe task as compared to the UIA.
Therefore, the test selected may not have beemppate for the present sample. Conversely,
use of standardised scales is needed in compa@sooss studies and ensures generalisability
of results. Future studies measuring elicited itidtamay use additional measures to assess
this skill in order to capture the wide differense®n in the ASD population.

Additionally, the present sample, although highbrigble in ethnicity and gender as
compared to other studies, largely included chiidvéath low developmental ages: most
children (22 out of 24) were found to have verlyal aon-verbal mental age below 29 months
while having a chronological age of 29 months andva (22 out of 24 children). This was
not intentional and inclusion and exclusion crdewere broad in terms of developmental
level. However, it must be noted that recruitmerisva major challenge due to a greater
resistance in the community for an autism diagnogisis, children diagnosed early usually
present with more severe features.. This limitsegaisability of findings to a larger ASD
population and would require larger samples witkatgr variability in developmental levels
in order to draw firm conclusions regarding RIT aas effective treatment for children with
autism. Conversely, these results are promisinghat children with low developmental
levels can also benefit from RIT.

Future studies must focus on full-scale randomtsats looking at use of standardised
tools as well as including different real-life maess in order to capture the entire range of

behaviour. In addition, follow-up of interventioffexts was not possible as part of this study
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and studies need to look at maintenance of gamstability in spontaneous use of skill is

likely to be an important determinant of later depenent.

SUMMARY AND IMPLICATIONS OF CHAPTER 3

In Chapter 3, effects of RIT on spontaneous araitedi imitation skills were assessed
in young children with autism along with examiniobild characteristics as correlates of
outcome. Stratified randomisation produced two wedtched groups —Treatment and Wait-
List Control groups. Children with autism in thee@tment group showed significant
improvements in spontaneous, social imitation skithore specifically object imitation, as
compared to children in the Wait-List group. No gpaifferences were found on measure of
elicited imitation. Also, children with less socidlifficulties and repetitive stereotypic
behaviours as assessed on the ADOS were found betber responders to RIT. This study
has therefore generated the first external repdicaif RIT demonstrating that RIT may be an
early intervention program positively impacting sbamitation in children with autism.

The current chapter provided evidence for efficatRIT using behavioural measures.
In Chapters 4 and 5 two novel techniques of ERP BEB&G are employed to examine
neurological correlates of observed behaviouralngha and changes on global social

processing respectively.
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CHAPTER 4

THE EFFECT OF RECIPROCAL IMITATION TRAINING ON

HUMAN ACTION AND NON-HUMAN ACTION SOUND PROCESSING

IN CHILDREN WITH AUTISM

95



4.1 INTRODUCTION

Imitation typically involves a person replicatingetr partner’s actions as well as goals,
thereby acquiring, by observation, a motor behav{divanti & Hamilton, 2014; Rizzolatti
& Fabri-Destro, 2010). Therefore, both observatdraction and performance of an action
are important aspects of imitation where informatfoom different sensory modalities is
transformed into motor representation (RizzolattiF&bri-Destro, 2010; Chapter 1 section
1.4.2).

Advances in neuroscientific techniques such astreleccephalography (EEG) and
functional magnetic resonance imaging (fMRI), hawabled examination and understanding
of the underlying neurological mechanisms assogigtgh social-cognition, advancing our
understanding of pathways for both typical and iaglpdevelopment. Neurological correlates
of imitation have been associated with specialisedral networks and mechanisms that
underlie perceptual processing of action duringpactxecution and observation. EEG studies
have found human action processing reflected irrtmgthm activity of 8-13Hz recorded from
the central channels over the sensorimotor cofaxefla, 2005; see also Chapter 1 Section
1.4.2). Studies of visual action observation hawans that mu rhythm desynchronisation is
associated with action observation and executi@r twe frontal, central and parietal cortex
in both adults (e.g. Muthukumaraswamy, Johnson, &Nkir, 2004) and children (e.g.
Lepage & Théoret, 2006; Marshall, Young, & Meltzo#011). Thus, the components of
imitation, human action observation and executi@reaflected in similar neural mechanisms
in the brain. However, most studies evaluating huraetion processing primarily involve
visual presentation of action stimuli, whereas actprocessing involves other sensory

modalities as well.
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Research into auditory processing of human acti@ssproduced evidence that there
may be separate mechanisms involved in the promessihuman action sounds versus non-
human action sounds. Assessing auditory processingctions in children, Stefanidou,
Ceponiene and McCleery (in review) found that fothb2 to 3 year old toddlers and 4 to 6
year old children, human action sounds producety eansory as well as late perceptual
processing ERP component differences recorded fraectrodes over the frontal,
frontocentral, temporal, and parietal regions. Gregly, non-human action sounds produced
only early sensory component differences in thatal frontocentral, and temporal channels.
Furthermore, toddlers exhibited right lateralisatfor human action sounds in later cognitive
components recorded in frontal channels while #usvity was bilateral for children. In
another ERP study of infant auditory processing hefman action sounds, human
vocalisations, environmental and mechanical soufsangu and colleagues found that
human action sounds were processed differentialljuman vocalisations in the temporal
regions in 7-month old infants and there was caktiltifferentiation for ‘human sounds’ with
human-produced sounds (action and vocalisationsyisiy undifferentiated modulation in
the frontal and parietal cortex but differentiafesin environmental and mechanical sounds
(Geangu, Quadrelli, Lewis, Cassia, & Turati, 20I5)us, typically, humans have specialised
neural networks for human action processing in lvahal and auditory domains.

As described in Chapter 1, sections 1.1 and 1i#sraus a developmental disorder with
marked difficulties in social functioning. Neurologl studies of individuals with autism
examining imitation and human action processingehanggested atypicalities during the
execution and observation of hand action (Berrtiat.e2007; Honaga et al., 2010; Martinuea
et al., 2010; Nishitani et al., 2004; Oberman et2013; Theoret et al., 2005; Williams et al.,

2006; but see also Raymaekers, Wiersema, & Roey&089; Bernier, Aaronson &

97



McPartland, 2013; Fan, Decety, Yang, Liu, & Che2@10; see Hamilton, 2013 for a review).
To date, the majority of studies related to humetioa processing in autism have utilised
only the visual domain. Only one study has evahliateditory processing of human actions.
Stefanidou (2014) assessed auditory processingumiah action versus non-human action
sounds in high functioning, 4 to 5 year old chilureith autism compared to a chronological
and verbal age matched typically developing cordgroup. Children were exposed to human
action sounds of hands clapping and hands rippapgipas well as non-human action sounds
of ocean waves and helicopters. A match-mismatchadigm was used in which stimuli
included human action followed by human action @hpor non-human action (mismatch),
and non-human action followed by non-human actimat¢h) or human action (mismatch).
Results indicated that 4 to 5 year old high-funutig children with autism demonstrated
differences in the processing of human action ssundhe later component (N4), recorded
over the parietal region, relative to controls. @feally, children with autism had a larger
response to matched sounds as compared to typaagloping children who had a larger
response to mismatched sounds, leading the authemclude that children with autism did
not show a mismatch effect, as seen in the tygaalp. Thus, neural processing differences
in autism may be evident at both auditory and \likneels for human action processing.
There is growing interest in the impact of intetvem on neural processing of
individuals with autism in an effort to evaluatecesess of behavioural interventions in
altering atypical brain activity in autism (Dawsd008). As discussed in Chapter 1 section
1.4.3, autism intervention studies have begun iles@tneurological indices as measures of
change, in addition to traditional behavioural assgent. Dawson et al. (2012) for example,
employed EEG and ERP as secondary outcome measuwurasndomised controlled trial of

the Early Start Denver Model (ESDM) interventioniff€rences in face processing were
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evaluated using ERPs, and it was found that childsgh autism who received ESDM
exhibited shorter latency Nc component responséact stimuli, which were comparable to
a typically developing contrast group and diffes#gnificantly from the group of children
with autism receiving community interventions. Instudy evaluating Pivotal Response
Training (PRT), fMRI was used to index changesania functioning (Voos et al., 2013).
The study involved two children who underwent imétion and results revealed that both
children showed increases in cortical activatiorthef fusiform gyrus and other distinct brain
regions while viewing biological motion stimuli fro pre-training to post-training. A third
study evaluating the Program for Education anddbnnent of Relational Skills (PEERS) for
adolescents used EEG to evaluate neural corradétescial approach behaviours (Van Hecke
et al., 2013). The adolescents who underwent PEERSvention exhibited greater left
frontal EEG asymmetry (associated with increasqutagerh (versus avoidance) tendencies;
Coan & Allen, 2003b) compared to a wait-list cohigooup. Similarly, a study involving a
theatre-based intervention focusing on developnoénsocial skills in 8 to 14 year old
adolescents with autism showed changes in ERP coemp® associated with face recognition
memory in the treatment group while these changere wot seen in the wait-list control
group (Corbett et al., 2014). As discussed in sacli.4.3, all studies described above had
major limitations. The lack of a control group, lawmber of participants, lack of a typical
comparison group, and lack of pre-training datagesgthat although there may be emerging
evidence that behavioural interventions may haweeseffect on neural functioning, there are
no conclusive findings. On the other hand, thesdies demonstrate that EEG/ERP and other
neuroimaging techniques can help delineate theaheuechanisms and pathways associated

with responses to particular behavioural intencergi
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Thus, the aim of the current study was to use ERR secondary outcome measure in
the pilot randomised controlled trial (RCT) of Rarcical Imitation Training (RIT), described
in Chapters 2 and 3. As described previously, RdTan intervention with a focus on
increasing social responsiveness and social imitaskills in young children with autism
(Ingersoll, 2010b, 2012; see also Chapter 1 sedtiar8 and Chapter 3 section 3.2.4). Since
RIT focuses on social imitation skills and actiorogessing is an index of imitation, an
auditory human action processing paradigm (Stetani€eponiene & McCleery, in review)
was employed. As described in Chapter 1, Sectiér 1studies of human action processing
have been used to understand imitation difficulitieautism, and the previous study utilizing
the same auditory action paradigm found that higictioning 4 to 5 year old children with
autism paid significantly less attention to humastiom sounds compared to typically
developing children (as reflected in the N4 ERP gonent over the frontocentral channels;
Stefanidou, 2014). Also, young children with autishowed right lateralisation during human
action processing over the parietal region whileidglly developing children showed left
lateralisation during human action sounds condit{&tefandou, 2014). Thus using an
established auditory mismatch paradigm (Stefanid®dl4; Stefanidou, Ceponiene &
McCleery, in review), it would be important to skew a targeted imitation-based early
intervention may have an effect on auditory procgssf human actions in autism. It was,
aimed to investigate neurological correlates ofdvelur changes in imitation by using ERP
methodology to examine auditory human action praiogsin children who underwent RIT
compared to controls. Specifically, differencesthe processing of human action and non-
human action sounds were of interest, reflectethendifferential responses to match versus
mismatch stimuli. Owing to excellent temporal resioin of ERPs it was aimed to examine

differences in neural processing speed and amplitid/arious stages of auditory processing
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in the two groups. A second aim was to investigateelation between ERP responses and
changes in imitation skills post-RIT. As discussedChapter 3, significant changes were
observed in spontaneous imitation only in the Tmeait group. Therefore, the study aimed to
evaluate whether there were any relationships latweeural differences observed for
auditory action processing and behavioural outcamea measure of social imitation, the
unstructured imitation assessment (UIA). As thisswan exploratory study directional
hypothesis could not be made. It was hypothesisaddhildren in the Treatment group will
differ significantly from the Wait-List Control gup in their processing of mismatch trials for
human action sounds at T2. Secondly, it was hypabd that children in the Treatment
group will show greater left lateralisation whilkildren in the Wait-List Control group will
show greater right lateralisation over the parietennels at T2. Third, it was hypothesised
that speed of processing (measured through latdocy)uman action sounds will be faster
for children in the Treatment group compared to\Wat-List Control group. Fourth, it was
hypothesised that children in the Wait-List Contgobup will show greater processing of
non-human action sounds reflected in greater resgsto mismatch non-human action trials
compared with the Treatment group. Finally, it wagothesised that there will be an
association between change in imitation scores umedson the UIA and mismatch effect in

the human action sound processing.

4.2 METHODS

4.2.1 Design
Children with autism aged two to six years werguied for the RCT as described in
Chapters 2 and 3. After informed signed consemhfparents, all children were administered

a battery of behavioural measures at T1 (see se8td.3 in Chapter 3 for details). Along
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with behavioural measures, ERP testing was alsduiad (see also Figure 2.1 in Chapter
2). ERP testing was completed after administratiba behavioural measure on the first day
of assessments for all children. Child desensitisaprocedures were used if parents had
reported head sensitivities in order to make th& Bt application easier and to help ensure
that the child completed testing. Desensitisatemimhiques were used for fourteen children in
the sample of twenty-four at T1. These familiesevasked to come back for an extra day of
assessments (day 3) in order to complete ERP destm summary, after the initial

assessments, participants were randomised usitrgtdied randomisation technique to two

groups: Treatment and Wait-List Control group. @tgh randomised to the Treatment group
received 20 sessions of RIT in a period of 12-14ksewhile children in the Wait-List

Control group received either no treatment or inegit-as-usual (see Chapter 2 section 2.2
for details). All children were invited post 12-1deeks after T1 for a second round of
assessments, T2. The behavioural battery and ERiRgevere repeated. Ten participants

required desensitisation to the EEG sensor neRat T

4.2.2 Participants

Participants were children with autism recruitedtfee pilot RCT described in Chapter
3 section 3.2.1. All twenty-four children from tHRCT were given the opportunity to
participate. ERP data were recorded from a tdtdlBochildren at T1 and 21 children at T2.
However, ERP data were unusable from approxim&e®os of the children at both T1 and
T2, due to excessive movement and ocular artefatistefore viable, sufficiently artefact-
free data were obtained from a total of 13 childaef1, six children in the Treatment group
and seven in the Wait-List Control group; and 1%idcen at T2, eight children in the
Treatment group and seven children in the Wait-Osntrol group. Out of these children

only five children in each group produced viableadat both T1 and T2. Therefore, at the
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group level, data at T2 were analysed for outcoeselts, with data from the 10 participants
who produced viable data at both T1 and T2 furéxamined in order to identify evidence of
change associated directly with the interventi@mfiT1 to T2.

As noted in Chapter 3 section 3.2.1, all childreat roriteria for Autism Spectrum
Disorder on the ADOS-G (Lord et al., 2000) at T1l. ¢hildren in the final sample, except
one, also received an independent clinical diagnosASD from a NHS clinician. The one
child who had not yet received a clinical diagnhagisutism was under observation of a NHS
clinician and the family has been asked to visit NHS every three months to monitor the
child’s development. Participant characteristic3 htare described in Table 4.1. Independent
samples t-test and chi-square test showed no eiftess between groups on chronological

age, gender, non-verbal and verbal mental age, ABO&s or handedness.

Table4.1: Participant characteristics by group at intake

Group M (SD) 71t df p-value
Treatment  Wait-List
(n=8) Control
(n=7)
Gender (% male) 50% 85.7% 214 1 0.14
Chronological Age 41.5 40.9 0.09 13 0.93
(in months) (16.0) (22.7)
Nonverbal Mental 27.4 23.7 0.61 13 0.55
Age (12.8) (10.4)
Verbal Mental Age 171 18.1 -0.14 13 0.89
(9.5) (16.4)
ADOS total score 13.5 15.4 -0.90 13 0.39
(4.2) (4.2)
Handedness 100% 100% - - -

(% right-handed)
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4.2.3 Behavioural Measures

All participants completed behavioural measures ith@uded descriptive, diagnostic,
and behavioural-change measures (for a full desmnigsee section 3.2.3, Chapter 3). The
Mullen Scales of Early Learning (Mullen, 1995) wased to obtain verbal and non-verbal
mental age for the participants while ADOS — G (Let al., 2000) was administered at T1 to
confirm that all children met the criteria for amt#sm Spectrum Disorder. Two behavioural
change measures were administered as well: theughsted imitation assessment (UIA) and

the structured imitation assessment (SIA).

4.2.4 Intervention

The primary goal of RIT is to teach children withtiam social responsiveness and
social imitation. A full description of the intemvgon is outlined in section 3.2.4, Chapter 3.
To summarise, children in the Treatment group kemki20 sessions of RIT. All one-hour
sessions of RIT involved the child playing indivadly with two or three different therapists
for a duration of 20 minutes each. Every 20 minatéserapist presented five different sets of
developmentally appropriate toys for the childrermplay with. Object and gesture imitation

were targeted in a systematic manner with all thiglen.

4.2.5 Electroencephalography (EEG) and Event-Related Potdials (ERP) — Novel
neurological measures of change
First used by Hans Berger (1929), EEG allows exatiun of natural electrical brain
activity (Luck, 2014). It is a non-invasive techangwith excellent temporal resolution (Luck,
2014; Nelson & McCleery, 2008). EEG is a cost-dffecand efficient method for recording

neurological activity and can be used across the ragmge (de Haan, 2007; Nelson &
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McCleery, 2008). Due to these advantages, EEG &as tvidely used across populations to

further the understanding of brain mechanisms jiicgt as well as atypical development (de

Haan, 2007; Nelson & McCleery, 2008). Althoughially researchers focused on changes in
continuous EEG, event-related activity, includingpleed and endogenous responses, later
became the focus for understanding the mental onneitry of human beings (de Haan, 2007;

Luck, 2014; Nelson & McCleery, 2008).

Event-related potential (ERP) is the electricalpogse generated in the brain in
response to a discrete stimulus. According to Nelaod McCleery (2008), ERP is “the
synchronous activation of electrical fields assmdawith activity of large proportions of
neurons.” (p. 1252). As ERPs can be generatedutthn overt behavioural/verbal response
to a stimulus, it allows study of mental processesfants and young children as well as
individuals with limited motor or verbal abilitigPeBoer, Scott & Nelson, 2007). ERPs are
collected from the scalp surface by placing scdirteodes to record responses to the
repeated presentation of a stimulus in many t(Mdé&dson & McCleery, 2008). ERPs are time-
locked to stimulus presentation and ERP deflect{positive or negative going components)
are believed to reflect cognitive processes astamtiavith sensory and perceptual skills
(DeBoer et al.,, 2007). Typically, early componehi@ve been associated with sensory
processing while later components with perceptadl @ognitive processing though there is
evidence that some early components may be impagtednditions under which stimulus is
presented and based on relevance of stimuli, sarigory responses are either enhanced or
supressed (Hillyard, Teder-Sélejarvi & Miinte, 1998)

One disadvantage often cited for EEG/ERP is thatively poor spatial resolution
(Luck, 2014). However, advances in high-densitaysrand use of techniques such as source

analysis have allowed for better understandinghefdcalp distribution and activity sources
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(Nelson & McCleery, 2008). Combining EEG/ERPs witther brain imaging sources has
also evidenced success in understanding brain miechs involved in EEG (de Hann, 2007).
As EEG/ERPs can reflect perceptual processing biglias well as changes in brain
development, and are relatively easy to use witlmgochildren, they can provide a reliable
neurological measure of change to early intervant®iven the aim of examining possible
effects of changes through RIT in brain activityvary young children with autism, both
EEG and ERP techniques were determined to be siitaduroscientific measures. This
chapter focuses on an ERP assessment while Chapttitises EEG to evaluate neural
mechanisms associated with RIT.

There are various stimulus presentation method$ kaae been used in ERP
assessments. For the purpose of this study, a rmubn@aradigm, Repeated Auditory
Mismatch (RAMM; Stefanidou, Ceponiene & McCleeny,review), was used. It is based on
the principle of brain response to habituationt ikaas the brain habituates to a stimulus,
presentation of an odd/novel stimulus leads toematgr neural response. Thus, responses to
the second (odd) stimulus are of interest. Thedigna was designed to evaluate auditory
human action processing in young children and fe& Ipreviously used in autism research

(Stefanidou, 2014).

4.2.6 Rapid Auditory Mismatch Paradigm

In the RAMM paradigm two types of auditory stimulere presented: sounds produced
by human actions and non-human actions (Stefanetoal., in review). There were two
distinct human action sounds of simple human adiitapping), and human action-on-object
(ripping of paper). The non-human action soundspresad an object sound (helicopter) and

an environmental sound (ocean waves). All audigimuli were extracted from the digital
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video clips of actions and each sound type had difterent exemplars (Stefanidou et al., in
review). All stimuli were presented as .wav filds (bit, 44.1Hz sampling) having a mean
duration of 1020 ms (range: 790 to 1250 ms) antl batnan and non-human action sounds
were equalised to 65dB (Stefanidou et al., in ngyie

The ERP paradigm was implemented using E-Primevaodt (Schneider, Eschman, &
Zuccolotto, 2002). There were four types of trigiesented in a randomised order, each with
a 25% probability. For descriptive purposes, tied types were labelled and defined based on
the second stimulus presented in the trial and léneit was a match or mismatch of the
preceding sound: (&luman action Match trialwhere human action sound was followed by
human action sound (e.qg. ripping paper sound fatbwy ripping paper sound); (bBluman
action Mismatch trigl where non-human action sound was followed byradwaction (e.g.
ocean wave followed by ripping paper sound); Kgn-human action Match trialvhich
involved two consecutive non-human action sounds eelicopter blades sound followed by
helicopter blades sound); ()on-human action Mismatch trialhere human action sound
was followed by a non-human action sound (e.gpptay sound followed by helicopter
blades sound; see Figure 4.1; Stefanidou et atgurew). In the match trials, although the
perceptual category of the stimuli was the samey there different exemplars of the same
type of sound (e.g. clapping sound 1 followed 3pping sound 2). In the mismatch trials,
the clapping sounds were always paired with hetmogounds and paper-ripping sounds
were paired with ocean waves sounds. Within eaih, tthe inter-stimulus interval was
150ms while the inter-trial interval varied betwe800 to 1200ms (Stefanidou et al., in
review). Epochs were time-locked to the secondudtimwith a stimulus interval duration of

-100 ms (before the second auditory stimulus) t0 #® (after the second stimulus). The
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entire paradigm was run for approximately 30 miauteith a single block of approximately

570 trials (Stefanidou et al., in review).
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Figure 4.1: Rapid Auditory Mismatch Paradigm, takéom Stefanidou, Ceponiene and

McCleery (in review)

4.2.7 ERP Recording Procedure

Before the ERP recording, a researcher played diftarent hats with the child in a
playroom to desensitise the child to wearing theometheir head. During play, head size was
measured using a tape measure and participants giha¥e a choice of children’s movies
which they could watch during the ERP recordingpf2ePig®©, Cars©, Dinosaurs©, Thomas
the Tank Engine® and Winnie-the-Pooh©. The viddoat tchildren could choose from
remained the same across participants. ERP recpvdas conducted in a sound-attenuated
EEG/ERP testing room. All participants sat appraatiely 60 cm from the screen and audio
speakers. Except for three children who sat o then, all participants sat on their parent’s

lap. Before the net application, all participantsrgvshown audio-visual clips of each human
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action and non-human action sound stimulus usetiarexperiment. Each clip was played
twice in order to familiarise the participant tcetBource of sound generated (Figure 4.2).
Once the child had watched each clip, sensory wsre used to distract the child while the
EEG Sensor Net was placed on the participant’s .nHeallbwing the net application, during
the experiment, the chosen DVD was played withaund while the ERP experimental
sound stimuli were played in the background viaakpes (Stefanidou, 2014). Thus, the
participants listened to the human-action and namdn action sounds passively while their
brain activity was recorded in the form of everlated potentials. None of the children’s
movies included visuals of any of the sound stimulithe ERP experiment. If children
became fidgety, bored or upset, sensory toys weed to distract and keep them still. ERP
recording lasted approximately 30 minutes or wasdlitinued earlier if the child got upset.

The EEG/ERP testing protocol and procedures wersdme at T1 and T2.

Step 1:
Watch Priming Videos
(No EEG Sensor Net)

Human Action Match-Mismatch
Clap = Clap (Match)

Helicopter= Clap (Mismatch)

Step 2:
RAMM ERP Recording

Non-Human Action Match-Mismatch
Wave = Wave (Match)
Wave = Paper Ripping (Mismatch)

Figure 4.2: Steps followed during ERP recordingkean from Stefanidou, Ceponiene and

McCleery (in review).
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4.2.8 ERP Analysis

A high density, 128-channel Hydrocel Geodesic Seridet (HCGSN, Electrical
Geodesics Inc., Eugene, Oregon) was used to rdramd electrical activity (Tucker, 1993).
This sensor net allows for quick and easy appbcatind therefore is preferable for both
young children and atypical populations (Nelson &Qleery, 2008). EEG was referenced to
a single vertex electrode Cz (sampling rate = 5@) ddiring recording, and all bioelectrical
signals were recorded using EGI NetStation ampdifigith an input impedance of less than
100 k2 (Stefanidou, 2014; Stefanidou et al., in review).

The ERP analysis as described in Stefanidou (2@/b4) followed. All ERP data was
analysed by the researcher and two trained studsearch assistants. Due to the nature of
ERP analyses, biases in editing process are highiikely. However, while both research
assistants were kept blind to group allocation, abthor was not blind, and thus biases in
ERP analyses could not be completely controlled for

All data were filtered offline using a band-padgefi of 0.1 to 40 Hz. Data were then
segmented to epochs using NetStation 4.5.1. sadt{gectrical Geodesics). All epochs were
time locked to the second auditory stimulus intthed, with a stimulus interval of -100 ms to
700 ms and organised by trial type. An automatéefast detection tool was used to process
data and identify bad channels. Segments were wchdr&d if they contained more than 12
bad channels or contained eye movements or eyksbl®hannels were marked bad if the
amplitude varied more than 150V from minimum to maximum. Subsequent to this
automated artefact detection, each trial was aisoaily examined individually to identify
and discard data with ocular or motor artefacts there not identified by the automatic
artefact detection procedure. All children whostadae included produced a minimum of 30

viable ERP trials per condition (Table 4.2). Indegeent samples t-test revealed no group
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differences on the mean number of artefact-fredstpper condition (Table 4.2). Data in bad
channels contained in trials with fewer than 12 bladnnels were replaced using a spherical
spline interpolation algorithm (Srinivasan, Nundzicker, Silberstein, & Cadusch, 1996).
Individual participant data were averaged and tieereferenced to an average reference. All

files were baseline corrected to a 100 ms pre-stisnnterval.

Table 4.2: Mean (S.D.) of artefact free trials aimntan-action and non-human action sound

conditions.

Condition Treatment Wait-list  t(13) p-value
(n=8) Control

(n=7)

Human Action Sounds

Match 48.4 43.0 0.92 0.38
(14.4) (6.0)

Mismatch 47.5 43.4 0.89 0.39
(10.4) (6.6)

Non-Human Action Sounds

Match 49.9 46.3 1.27 0.29
(11.5) (8.9)

Mismatch 50.4 43.1 0.67 0.52
(13.9) (6.3)

Electrode locations and time windows for analysesevchosen based on the previous
findings of Stefanidou, Ceponiene & McCleery (iviesv) and Stefanidou (2014) as well as
visual inspection of grand average ERP data. Frhocgatral, and parietal sites were chosen
for analysis with 25 frontal electrodes (eight kefitd right and nine middle), 10 central and 24
parietal electrodes (eight electrodes each inefldle and right, Figure 4.3). As waveforms
revealed only one clear early peaking componemnwdst 40-180ms, P1 (frontal and central

sites) and N1 (parietal), peak latency was analysethis one component. Subsequently, the
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same time windows were chosen across all threes:at®8-310ms, 310-440ms, 440-570ms
and 570-700ms. The mean amplitudes across time owsidwere analysed between

conditions and groups.
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A. Frontal electrodes

B. Parietal electrodes

C. Central electrodes

AN ]
¥,

Figure 4.3: Montage selected for analysis. A. Lefiddle and right Frontal electrodes
selected for analyses. B. Left, middle and rightiétal electrodes selected for ERP analyses.

C. Central electrodes selected for analyses.
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Human action and non-human action sounds were sedhlyeparately for a mismatch
effect. This was the strategy adopted because queuviesearch has shown that there are
different brain mechanisms involved in processifidieman action and non-human action
sounds (Guisti et al., 2010; Lloyds-Fox et al., Z0Rizzamiglio et al., 2005) and the aim of
the study was to look at the effect of interventionboth these conditions. Also, the condition
of the trial, match or mismatch, was of interestdase a mismatch response would
demonstrate attention orienting to novel/unexpesteduli. A mismatch effect was deemed
to be evident when there was a greater brain regptm mismatch trials than match trials

(mismatch - match = mismatch effect).

4.3 RESULTS

Repeated measures ANOVAs were conducted on mealitizhep of all time windows
and peak latency for the P1/N1 (40-180ms). Onlydafa were used for these analyses. All
results violated Mauchley’s test of Sphericity aherefore, Greenhouse-Geisser adjusted
values are reported. Pairwise comparisons and gthmtests using Bonferroni correctiéns
were used for post-hoc analysis.

Individual participant data analysis was also earut to confirm group data findings
of T2 (outcome) data. Individual participant dataswanalysed only for those regions where

group differences were found in order to have apegmentally controlled approach. To

® The SPSS manual provides syntax for Bonferroniemtion that can be used with pairwise comparisosta
tests. This syntax was applied for each comparison.
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answer guestion about change through treatmenipraxpry analysis was conducted between

groups at T1 and T2.

4.3.1 Human Action Sound Processing

In order to evaluate neural processing speed anplitade of the early sensory
component, P1 mean amplitude and peak latency waeatysed using between-subjects
repeated measures ANOVAs with condition (match,nmatsh stimuli) as a within-subjects
factor and group (Treatment, Wait-List Control)the between-subjects factor for the central
channels revealing no significant effects (Appertd)xA similar repeated-measures ANOVA
was carried out for the frontal (P1) and parielil) areas with condition (match, mismatch)
and hemisphere (left, middle, right) as within-sdt$ factors and group (Treatment, Wait-
List Control) as a between-subjects factor. No ificant effects were found over the frontal
region (Appendix H). There was a main effect of fsgahere for both mean amplitudg (
(1,13) = 5.63p <0.01,1,°= 0.30), and peak latenck (1,13) = 3.57p = 0.04,n,” = 0.22) of
N1 over the parietal channels suggesting hemisplbfierences in processing speed and
amplitude of N1 in the parietal region.

To evaluate perceptual auditory processing diffeesnin human action sounds, a
between-subjects repeated measures ANOVA with @ond{match, mismatch) and time
(different timing windows: 180-310ms, 310-440ms04%¥0ms, 570-700ms) as a within-
subjects factors and group (Treatment, Wait-Lisht@w) as the between-subjects factor was
carried out over all three areas: frontal, centmatl parietal. For the frontal and parietal
regions, as hemispheric activity was of interest, aalditional within-subjects factor of

hemisphere (left, middle, right) was included ie BNOVA.
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Analysis revealed a significant condition x groujeet for the central channels$- (
(1,13) = 21.21p < O.Ol,np2: 0.62) indicating group differences in match verstismatch
trials (Figure 4.4). Furthermore, a significant dition x time interaction was found over the
central regionK (1,13) = 4.03p = 0.04,np2: 0.24) suggesting difference in processing time
of match and mismatch trials. Pairwise comparisasslg Bonferroni correction were
calculated in order to understand the interactibects. There was a significant difference in
ERP response to match trials in the Wait-List Galngroup M = 1.51uV, S.E = 0.7) as
compared to the Treatment grougd € -0.86.V, S.E = 0.6) over the central channets <
0.03). Post-hoc analysis also showed that thereansagnificant difference in ERP response
during the mismatch trials in the Treatment grodMp= 1.14V, S.E.= 0.6) as compared to
the Wait-List Control groupM = -0.9uV, S.E.= 0.7;p = 0.04). Planned pairwise t-tests also
showed that within groups there was a significaffiéictnce between processing of match and
mismatch human-action soundg{) = -2.56,0 = 0.04 for Treatment group ah¢6) = 4.75p
<0.01 for the Wait-List Control group; Figure 4.5).

These results suggest a significant differencaaegssing of match and mismatch trials

between the Treatment and Wait-List Control grotipT2, as evidenced by an opposite

pattern of ERP activity for match and mismatchlérizetween groups (Figure 4.5).
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Human action sound processing — Central activity
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Figure 4.4: RP waveforms showing activity o the central electrodes in the Treatment
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Pairwise comparisons of processing differences sactoning windows of the two
conditions showed that the interaction effect wageth by larger positive response to match
trials at 310-440msM = 0.8uV, S.E.= 0.5) as compared to response at 180-310s €
0.431V, S.E.= 0.5;p < 0.01).

Thus, over the central channels, group differenneBuman action processing were

observed with the Treatment and Wait-List contn@up showing opposite patterns of ERP

responses at T2.

No significant interaction effects were observee@rothe frontal region (Appendix H),
while over the parietal region a significant maifeet of hemisphere (F (1,13) = 8.4, p< 0.01,
np2= 0.4); condition x hemisphere x group interact{bn(1,13) = 3.93, p = 0.04]p2= 0.23);
and condition x hemisphere x time interaction (A8l = 3.3, p = 0.031p2= 0.2) were found.
Post-hoc analysis revealed that the condition xisnere x group effect was driven by
differences in hemispheric processing of the misdtials in the Wait-List group. The
Wait-List Control group had a larger negative resmoto the mismatch trial over the middle-
parietal channels (M = -1/, S.E. = 1.0) as compared to the left parietalncleds (M =
1.124V, S.E. = 0.9; p <0.01). This difference was ngn#icant when compared to the right
hemispheric parietal region (M = - 0}, S.E. = 1.3; p = 0.07). Hemispheric differences i
processing were not found in the Treatment group.

Thus differences in processing were observable theemparietal channels for human

action auditory processing between Treatment and-M&t groups. Visual inspection of data

also showed that the primary difference in procesfietween the two groups was over the

middle parietal channels for the mismatch trialigFe 4.6).

Paired contrasts for the condition x hemispheréme tinteraction revealed that this

effect was driven by greater activity for the misamatrials in the left hemisphere in the later
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two timing windows of 440-570ms and 570-700ms. €h&as a greater positive response to
mismatch trials at 440-570ms on the left channgls=(1.141V, S.E. = 0.7) as compared to
the middle channels (M = - 0.83, S.E. = 0.9; p &0.@nd the channels over the right parietal
hemisphere (M = -0.98/, S.E. = 1.1; p = 0.03), both of which had a larggative ERP
response. Similarly in the last time window of 57BmMs there was again a larger positive
response on the left hemisphere (M = LWV8S.E. = 0.8) as compared to the middle channels
(M =-0.581V, S.E. = 1.0; p =0.02) and right hemispheric cl@sifM = - 0.48V, S.E. =
1.1; p <0.01) where there was a smaller negatisgomse.

Overall, in line with our first hypothesis that kthien in the Treatment group will differ

significantly from the Wait-List group in their pzessing of mismatch trials for human action

sounds at T2, the results suggest that childrehdnTreatment group differed from the Wait-

List group in mean amplitude of ERP responses dkercentral and parietal channels.

Secondly, it was hypothesised that children in Theatment group will show greater left

lateralisation while children in the Wait-list growvill show greater right lateralisation over

the parietal channels at T2. No differences inrdditgation were found in the two groups.

Third it was hypothesised that speed of proces@imgasured through latency) for human

action sounds will be faster for children in theediment group compared to the Wait-List

Control group. However, no group differences inesbef processing of match or mismatch

trials was found.
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Figure 4.6: Graph showing significant differencetween the Treatment and Wait-List
Control group in ERP responses to matched and mied trials for human-action sound
processing over the three different areas of theepal cortex at T2. Error bars represent

standard error.

From these analyses only differences in activitylédde evaluated however it is not
clear whether the differences were associated tneditment. The next set of analyses were,
therefore, carried out to answer questions reggrdiififerences in ERP activity through

treatment.
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4.3.1.1 Individual Participant Data Analysis. T1 and T2 Comparison

To examine the effect of intervention on changBRP responses, T1 and T2 data were
compared for participants who produced artefaa-ttata at both time points. In order to do
so, difference scores were calculated for mean itudpk of match and mismatch trials (i.e.
mismatch — match = mismatch effect) for both tireents T1 and T2. This was done only for
the central and parietal regions for which sigaifit effects for condition and group were
found. Comparing the pre- and post-treatment dats iwmportant to understand whether the
difference in ERP response between groups seenutiorne were associated with
intervention or influenced by pre-intervention reduesponses in the brain.

Figure 4.7 shows the mean difference scores focenéral region. An opposite pattern
of development in the Wait-List Control group comgghito the Treatment group is evident.
At T1, three children in the Treatment group haveegative difference, suggesting greater
response to match trials, while three children e WWait-List group have a positive
difference, suggesting greater response to mismgiaks. Also, two children in the
Treatment group had a greater response to misn@éts and two children in the Wait-List
group showed a greater response to match trial$2Athree children in the Treatment group
have a greater response to mismatch trials, o lcad a slightly lower mismatch effect and
one child had a smaller response to match tridlschldren in the Wait-List group show a

greater response to match trials.
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Figure 4.7: Individual participant data showing mmatch effect for each participant at T1
and T2 for the Treatment (n=5) and Wait-List Cohtgroup (n=5) over the Central

channels.

Comparing the data of participants at a group |eweonsistent opposite ERP response
pattern was found between the Treatment and Wait-Control group for the central
channels (Figure 4.8). Even though a mismatch eftecboth the Treatment and Wait-List
group was found to be marginally different at There were no statistically significant
differences (Appendix H for supplementary analysé&s)en when more participants were
included in the samples at T2 the ERP responsagaiup level were similar for change data

and outcome data (Figure 4.8).

122



4 - Central Activity

3_
AZ'
o)
S
5 1
S
Eo . .
3 mT1
e
= mT2
e
<

Treatment (n=5) Wait-List Control Treatment (n=8) Wait-List Control
(n=5) (n=7)

Figure 4.8: Mismatch effect seen in the TreatmentX) and Wait-List Control (n =5) group
at T1 and T2 (change), and mismatch effect sedmaatment (n = 8) and Wait-List Control
group (n = 7) at only T2 (outcome), over the Cehtragion for human action sound

processing. Error bars represent standard error.

In the parietal region, results were more mixedtifier Treatment group (Figure 4.8). In
the Treatment group, participant 1 showed a reVansactivity from T1 to T2 over the left
and middle areas of parietal cortex, participarghdwed greater activity to match trials at
both T1 and T2 while participant 3 and 4 showedtgeresponse at T2 for mismatch trials.
Participant 5 showed a reversal in ERP responsa fjeeater match processing to greater
processing of mismatch trials over the left hemésplonly from T1 to T2. In the Wait-List
Control group, there was a more consistent respagsess participants (Figure 4.9). A
reversal in response was seen from T1 to T2 fopatticipants with a greater response to

mismatch trials observed at T1 and this changeal goeater response to match trials at T2
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over the middle and right parietal channels. Thins,patterns were mixed for the Treatment

group but contrasted with a consistent patterntlier Wait-List Control participantsit a

group level (Figure 4.10), the Treatment and Wast-LControl group showed opposite
patterns of activity at T1 but statistically thei#erences were not significant (Appendix H).
At T2, group level outcome results were represamatf individual participant means from a

smaller sample, except in the right parietal chenfiggure 4.10).
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Any interpretation of results from mismatch effeetta was difficult as results showed
differences at T1 between groups. The mismatclcietfas calculated by subtracting match
from mismatch trials, but this method does not hedpn analysing responses to individual
trial types. It is important to understand if thegps truly differed at T1 in the match and
mismatch trials individually, and if there was gmattern of change in the groups on each trial

type. The next set of analyses was carried owidhk for these answers.

4.3.1.2 Group Data Analysis: T1 and T2 Comparison

Even though the sample size of each group was smailrder to compare T1 and T2
data repeated measures ANOVA was conducted to explussible evidence of change over
time through RIT. The mean of the four timing wimdo(from 180-700ms) for each human

action trial for each participant was calculatedl amompared._No difference was found

between the Treatment and Wait-List Control grouggaim and mismatch trials at T1 for the

central channels (Appendix H). Therefore, in costtia findings from mismatch effect data,

individual trial type did not differ at T1 for theentral channels (Fiqure 4.11). However, a

significant difference was found for the match Igibetween groups at T1 for the parietal

region (see Appendix H).

A between-subjects repeated measures ANOVA witldition (match, mismatch) and
time (T1, T2) as a within-subjects factors and grdlireatment, Wait-List Control) as a
between-subjects factor was conducted for the akeliectrodes (see Appendix H for details).
A significant group x condition x time interactiovas found E (1,8) = 14.33p <0.Ol,np2:
0.64). Post-hoc comparisons showed that there wsagnéicant difference in the Wait-List
Control group for the matchM = 2.QuV, S.E.= 0.9) and mismatch trial$/(= - 0.681V, S.E.

= 0.96) at T2 § =0.03). In the Treatment group there was a tremehtds significance for
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difference in mismatchM = 1.8uV, S.E.= 0.96) and matchM = -0.46.V, S.E.= 0.9)

responses at T2p € 0.056). These results are consistent with tlieonue results and suggest

that even though similar activity was observed &tfdr the two trial types, differential

processing is observed at T2 for the two groupsissiing a probable impact of RIT on the

Treatment group (Figure 4.11The Treatment group shows an opposite patternRP E

activity for match trials and enhanced activity forsmatch trials from T1 to T2. The Wait-
List Control group shows enhanced activity for rhatigals and a reverse pattern of activity

for the mismatch trials (Figure 4.11).

Wait-List Control Wait-List Control
Treatment Match Match Treatment Mismatch Mismatch

Amplitude (micrvolts)

ET1
mT2

Figure 4.11: ERP response to match and mismatethstfor the Treatment (n=5) and Wait-
List Control group (n=5) at T1 and T2 over the aahtchannels. Error bars represent

standard error.
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A between-subjects repeated measures ANOVA withdition (match, mismatch),
hemisphere (left, middle, right) and time (T1, T& a within-subjects factors and group
(Treatment, Wait-List Control) as a between-sulsjdactor was conducted for the parietal
electrodes (see Appendix H for details). A sigrifitgroup x condition X time interactioR (
(1,8) =6.82p = 0.03,np2: 0.46) and a group x condition x time x hemispheteraction F
(1,8)=7.34p= O.Ol,np2: 0.48) were found. Post-hoc analysis found a Baanit difference
between the Treatment and Wait-List group in then& action match trials at T1 in the
middle parietal regionp(= 0.04; for details see Appendix H). Also, the YAlast Control
group showed a significant difference between tlaéchnand mismatch trials in the middle
parietal region at T2p(= 0.05), while no difference was observed in theatment group and

these findings are consistent with the outcomelteg$Appendix H). _Thus for the parietal

region, it is difficult to interpret differences anatch trials as groups differed at T1. For the

mismatch trials, results are consistent with presicesults of group differences in activity

over the mid-parietal channels.

Thus, outcome data, individual participant data @hdnge over time group data

suqgest differences over the central and middletahrchannels between groups for human

action sound processing.

4.3.1.3 Correlation Analysis

To assess possible associations between behavieffeats of treatment and brain
activity post-treatment, a correlational analysiaswconducted. Ideally, a meditational or
regression analysis would be preferable. Howevss,td the small sample size these types of

analyses were deemed inappropriate. In order tonmeatreatment effects, change scores
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from T1 to T2 of spontaneous imitation as measuoed the Unstructured Imitation
Assessment were used (details in Chapter 3 se8tB.4.1). Only spontaneous imitation
scores were used in the analysis because, asadpartChapter 3, treatment effects were
observed only for spontaneous imitation and natitetl imitation. The brain activity of
interest was the ‘mismatch effect’, that is thefed#nce in response to matched and
mismatched stimuli. Therefore, differences betwidenmean amplitude of the two conditions
(matched vs. mismatched) were calculated.

Parametric correlations were computed between raggilitude difference (mismatch
effect) in regions in which significant group effeevere observed and spontaneous imitation
change scores. Therefore, correlations were arthlysky for the central and parietal regions
in the human action sound condition.

A significant correlation was observed between dbjeitation change scores and

mean amplitude differences in the central regigp=r0.65, p < 0.01), suggesting that a

bigger change score on the imitation assessmenasgaeiated with a larger mismatch effect.

No other correlation was found to be significantddher the central or parietal region (Table

4.3).

Table 4.3: Correlations between spontaneous inotathange scores and mean amplitude

difference for human-action sounds (n=15).

Central Parietal Parietal Parietal
Left Middle Right
Spontaneous 0.50 0.10 0.20 0.11
Imitation Total
Object Imitation  0.65 0.07 0.42 0.13
Gesture Imitation 0.06 0.09 -0.18 0.02

**Correlation is significant at 0.01 level (2-tailg
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Additionally, correlations were also calculated fpre-treatment characteristics of
chronological age, ADOS domain and total scored, @st-treatment ERP responses in the
central and parietal regions as results from Chapiadicated an association between child
characteristics pre-treatment and response to Ri€re was no association found between
any pre-treatment characteristics and differencB<EiR either the parietal or the central area
(Appendix H). Thus mismatch effect observed in kbt Treatment and Wait-List group was

not associated with pre-treatment child charadteris

4.3.2 Non-Human Action Sound Processing

In order to examine differences in processing afi-haman action sounds between
Treatment and Wait-List Control group, between-saty repeated measures ANOVAs were
conducted for P1/N1 and subsequent timing windows.

A between-subjects repeated measures ANOVA witldition (match, mismatch) as a
within-subjects factor and group (Treatment, WastIControl) as a between-subjects factor
was conducted to analyse P1 mean amplitudes akdateacies for the central channels, and
revealed no significant effects (Appendix H). A 8an repeated-measures ANOVA was
carried out for the frontal and parietal areas withdition (match, mismatch) and hemisphere
(left, middle, right) as within-subject factors agdoup as a between-subjects factor. No
significant effects were found for the parietalicgg(Appendix H). There was an interaction
effect of condition x group for the mean amplitudd1 over the frontal channel (1,13) =
5.75,p = 0.03,np2: 0.31) suggesting differences between groups saosditions for P1.
However, paired contrasts using Bonferroni coroectid not show any significant effects.

Rest of the timing windows were analysed for petaalpprocessing differences using a

between-subjects repeated measures ANOVA with @ond{match, mismatch) and time
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(four different timing windows: 180-310ms, 310-449M40-570ms, 570-700ms) as a within-
subject factor and group (Treatment, Wait-List Coltas between-subjects factor over the

central area and no significant effects were fo(ldpendix H), suggesting specificity of

response to human action sounds in the centraimelgi both the frontal and parietal regions,

between-subjects repeated measures ANOVAs withitondmatch, mismatch), hemisphere
(left, middle, right) and time (different timing madows) as a within-subject factor and group
(Treatment, Wait-List Control) as between-subjéatsor were conducted.

In the frontal region, significant time x group (1,13) = 5.78p <O.01,np2: 0.31) and
condition x time F (1,13) = 6.43p <O.01,np2= 0.33) interaction effects were found. Paired
contrasts, using Bonferroni corrections, revealet for the Wait-List Control group there
was a larger negative response in the first timedatv, 180-310msM = - 0.66uV, S.E.=
0.8) as compared to the second time window, 310n4Qvhere there was a large positive
component M1 = 0.9&V, S.E. = 0.7; p = 0.02). The activity then remained positive
throughout the stimulus presentation as seen iar€ig.12. The Treatment group, however,
showed no significant differences in timing (Figurd2). The condition x time interaction
was driven by significant difference in processoighe mismatch trialsM = - 1.3QuV, S.E.
= 0.6) as compared to match triald € 1.141V, S.E.= 0.7) in the last timing window of 570-
700ms p = 0.03).

Therefore timing differences between groups suggestter perceptual processing in

the Wait-List Control group compared to the Treattrgroup over the frontal channels.
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Non-Human Action sound processing — Frontal activity
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Figure 4.12 ERP waveforms for the Treatment and \-list Control group for the Nc-

Human action sounds condition over the Frontal afels at T2.

A significant group x time interaction was observedtfa parietal channels (F (1,13
3.53, p = 0.04yp2 = 0.21). Po-hoc analysis using Bonferroni correction showed ¢neatel
differences in the Waitist Control group in the first, 1:310ms (M = 0.uV, S.E. = 0.5)
and the second timing window, -440ms (M = - 0.98V, S.E. = 0.5) were driving tr
interaction effects (p = 0.01). No such timing eifnces were seen the Treatment group
(Figure 4.13).

These results suggest that there was griperceptual processing of r-human action

sounds in the Walitist Control group while the Treatment group showestly sensor

processing but perceptual processing was not elvaferor-human action soun.
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Non-Human Action sound processing — Parietal Activity
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Figure 4.13 ERP waveforms for the Treatm and Waitlist Control group for the Nc-

Human action sounds condition over the Parietalroiels at T2.

4.3.2.1 Individual Participant Data Analysis. T1 and T2 Comparison

Mean difference scores were analysed for fronta parietal regions, as significe
group differences were observed in these two afeasnor-human action processin
Furthermore, as group differences were observeddbas time, mean difference scofor
non-human action match and mismatch trials were pldtietdoth groups based on individt
timing windows irrespective of hemispheric activ

Frontal ERP responses to match and mismatcl-human action sounds show mix
results for individual paitipants across groups (Figure 4.1Bour out of five participants i

the Treatment group showed a greater responsedgimatthed nc-human action sounds
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T1 across the four timing windows while a greaggponse to matched trials was seen at T2
especially in the last timing window of 570-700nk$glre 4.14). In the Wait-List group two

children showed positive mean difference at T1 eotinued to show greater response to
mismatch sounds at T2 while the rest of the threlelren showed a reverse pattern of greater

response to matched non-human action sounds.
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Figure 4.14: Mean difference scores for individpalrticipants in the Treatment (n =5) and
Wait-List Control group (n = 5) for Frontal ERP nesnses to matched and mismatched non-

human action sound trials in the four differentitipmwindows at T1 and T2.
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With regard to ERP responses over the parietabregimilar responses were observed
in the first two time windows of 180-310ms and 3MBms in both the Treatment and Wait-
List Control group where, at T1, all children iretfireatment group showed greater response
to match trials and most children (four out of jive the Wait-List group showed greater
response to mismatched trials; at T2 three childrethe Treatment and Wait-List group
showed larger responses to mismatched trials (€igut5). In the third time window three
children in the Treatment group had larger respomgeatch trials while three children in the
Wait-List group had larger response to mismataidrat T1. This changed to four children in
the Treatment group having a positive mean diffeeeand three children in the Wait-List
group with a positive difference suggesting greagmponse to mismatch trials. However,
ERP responses in the last timing window of 570-78@mmowed that all children in the Wait-
List group had greater response to mismatched otiorasounds at T1 and T2, three children
in the Treatment group had larger response to msacimds at both T1 and T2 while two
children showed similar activity to the Wait-Listogip of greater response to mismatched

trials.
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Figure 4.15: Mean difference scores for individpalrticipants in the Treatment (n =5) and

Wait-List Control group (n = 5) for Parietal ERP sponses to matched and mismatched non-

human action sound trials in the four differentitippwindows at T1 and T2.
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4.3.2.2 Group Data Analysis: T1 and T2 Comparison

Similar to the analysis for human-action soundsnge in processing was assessed for
non-human action sounds for both the groups. Asigrdifferences were found based on
timing windows, the mean for each timing window veasculated by averaging ERP activity
across left, middle and right electrodes for tlonfal and parietal regions. No difference was
found between the Treatment and Wait-List Controlug match and mismatch trials at T1
(see Appendix H).

A between-subjects repeated measures ANOVA withdition (match, mismatch),
ERP time windows (180-310ms, 310-440ms, 440-57@&%W6;700ms) and time (T1, T2) as
the within-subjects factor and group (Treatment,tWest Control) as the between-subjects
factor was conducted for the Frontal and Parid&adtedes. No significant group differences
were found for the parietal electrodes (for detsdle Appendix H). A significant group x ERP
time window x time interaction was found for therftal channelsK (1,8) = 9.92p <0.01,
np2: 0.55). Post-hoc analysis showed a significarfedghce in the Wait-List Control group
for time window 3 (440-570ms) between ™ (= -0.4QuV, S.E.=0.7) and T2\l = 1.64uV,
S.E.= 0.5;p =0.02); and time window 4 (570-700ms) between M1 -0.93uV, S.E.= 0.8)
and T2 M = 1.13uV, S.E.= 0.4; p =0.05). No such differences were observed for the
Treatment group.

Thus overall results for non-human action procegsunggest early sensory processing

of non-human action sounds in both the groups, kewgreater perceptual processing, as

evidenced by differential processing across timingdows, was observed in the Wait-List

Control group over the frontal and parietal chasnéh other words results suggest that

children in the Wait-List control group were att@rmgto and processing non-human action
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sounds more than the Treatment Control group, wklobwed evidence of early sensory

auditory processing.

4.3.2.3 Correlation Analyses

Correlation analyses were conducted between norahusstion mismatch effect and
imitation change scores to see if there was anycasson between treatment effect and ERP
responses to non-human action sounds. Frontal ametgd channels were used in the analysis
as group effects were evident in these two areas-tr@atment child characteristics of
chronological age and ADOS domain and total scorese also examined for correlations
with mean amplitude differences. No significant retations were found between ERP

responses and imitation change scores or childactarstics (Appendix H).

4.4 DISCUSSION

The present study aimed to explore neurologicalngba associated with RIT in
children with autism using an auditory processiagagdigm measuring ERPs time-locked to
matched and mismatched human action and non-huetaon aounds. The results showed
that children in the Treatment group differed diigantly from the Wait-List Control group
in their response to both matched and mismatchethhwaction stimuli over the central and
parietal region at outcome. Mismatch effect datanad that the two groups were different at
time 1, however, individual trial type analysis didt show this difference. Specifically, the
Treatment group showed a larger positive respoasmismatched human trials while the
Wait-List group showed a larger positive resporsenatched human-action sounds. There

was also a significant difference in the neurapoese over the parietal region, where the
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Wait-List group showed difference between mismaicheman responses over the left and
middle parietal cortex while the Treatment groupvebd no such differences. Individual
participant and group analysis of change over tsmgported these findings. Furthermore, a
significant positive correlation was found betwesect-imitation change scores and mean
amplitude difference between mismatched and matdhats, suggesting that a greater
increase in spontaneous imitation at T2 was adsuciith a greater response to human-
action sounds. The current results suggest thatmbeyroups indexed human action matched
and mismatched sounds differently, suggesting #girie impact of RIT on processing of
human action sounds. This was further supportetinoyngs from non-human action sound
processing, where greater perceptual processinghbserved for Wait-List Control group at
T2 but this was not observed for the Treatment grdthus the treatment group showed a
greater response to human action sounds. Howewer,cbnclusions from this dataset are
difficult to draw due a very small sample size dmgh variability in individual participant
data.

Differences in responses were observed over thegateand parietal area. Although
group effects were found for the parietal regiomere there was difference in activity
between the left and middle parietal regions invilag-list group and no such differentiation
in the treatment group, upon careful observatias thsult was seen to be a ‘carry-over’
effect of the central differences. For the wait-isoup there was a greater negative response
over the middle-parietal region, which was simitathe response over the central channels in
this group. Similarly, the treatment group showeplosgitive going response to mismatched
trials over the mid-parietal area that was comgdarét the group response over the central
channels. Left and right parietal activity for bdtie groups was in the same direction and

comparable in mean amplitude. Therefore, the saamt effect found seems to be driven by
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the ‘carry-over’ response of the central activitythe middle parietal region leading to a
significant difference between the left and middieas in the wait-list group. Furthermore,
no difference in activity was observed in the cainthannels during non-human action sound
trials suggesting the specificity of response tonan action sounds over the central cortex.
Additionally, ERP responses over the central chiswere also found to be associated with
changes through treatment in imitation skills. Thhere seems to be specificity of response
to treatment over the central cortex for humaneactounds. Furthermore, ERP responses in
the central area were observed to be in the ompdsiéction for the treatment and control
group post-intervention. Individual participant aasuggested that two children in the
treatment group showed a reversal of response avitlegative mismatch effect at T1 to a
positive mismatch effect at T2 while two childrémowed a greater positive response at T2
compared to T1. Conversely, in the wait-list gralpchildren showed a greater negative
mismatch effect at T2 with two children who hadagger response to mismatch trials at T1
later showing larger responses to matching humandsat T2. Although praxis was not
measured in the study, mid-parietal results cooldbe explained as an effect of differences
in praxis because parietal regions were implicatedboth human and non-human action
sounds, while the effects over central region wargerved only during human action sound
processing. Thus, the greatest ERP responsestmarhaction sounds were observed over the
central channels located over the sensorimotoexort

As discussed previously in section 4.1 and in Girafit section 1.4.2, EEG studies
evaluating imitation skills have found mu rhythntiaty in the central electrodes of C3, CZ
and C4 to be associated with mirror neuron funatigr(Muthukumarswamy et al., 2004;
Oberman et al., 2007; Oberman et al., 2005; Obewrhah, 2013). Moreover, the role of the

sensorimotor cortex in the modulation of actionastation has been proposed (Pineda, 2005;
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2008). Studies involving action imitation trainifgwve shown greater mu suppression over
the sensorimotor cortex associated with trainingré@n, Bekkering, & Hunnius, 2015;
Marshall, Bouquet, Shipley, & Young, 2009; Pauldannius, Van EIk, & Bekkering, 2012).
RIT is an intervention targeting imitation skills a social context and therefore it is highly
likely that activity in the sensorimotor areas wagacted. This also provides preliminary
support for the hypothesis that interventions tiingemotor synchrony in a social context
may be a potential way of increasing social-comwation skills (McCleery, Elliott,
Sampanis, & Stefanidou, 2013). RIT is an intervamtihat targets synchronous motor
imitation in children with autism in a play baseshcial, child-led setting. Children who
received RIT showed changes in neural responseastoeeentral and mid-parietal channels,
areas of the sensorimotor cortex. Dysfunctions mtom movements and skills including
observation, planning, execution and integrationnmaiftor activity have been reported in
children with autism (McCleery et al., 2013; Miyaha2013). According to McCleery et al.
(2013) motor synchrony and resonance may be anrlymdgdeficit in children with autism
associated with early social-communication defiobserved. In a recent study by Gerson
and colleagues (2015) active motor training debdeoy parents to 10 month old infants led
to greater mu-suppression when infants heard soofraistions learnt post-training (Gerson et
al., 2015). Thus, in children with autism earlyeinention focusing on motor synchrony may
be an important pathway towards helping develofprecal interaction skills. Results from
this study support this notion as well as sugdest RIT may be an effective focused early
intervention program targeting motor synchrony aadal imitation skills.

Conversely, differences in the processing of nomduu action sounds between the two
groups were seen in the frontal and parietal cHanseggesting timing differences in

processing of non-human action sounds in the waigloup while no such differences were
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found for the treatment group. Processing of nomdu action sounds was faster in the wait-
list group with an earlier negative going compondtbwever, the ERP response in the
treatment group did not show such timing differendadividual participant data did not
suggest any trends. Furthermore, there was nolatore observed between imitation change
scores and ERP responses. These results provigersup RIT influencing social, human

sound processing specifically..

4.4.1 Limitations and Future Directions

This study documents preliminary results suggeséingeneficial impact of RIT on
auditory processing of human stimuli in childrenttwiautism. However, there were
limitations in the study.

A major limitation of the study was the sample sizbe small number of participants
giving viable EEG data at T1 limits our understaugdof any impact RIT may have had on
neural functioning. Also, the Treatment and Wast-[Control group participants had variable
individual data and differed in activity at T1. Thdrawing conclusions is difficult from the
current dataset. Further, due to the highly snaati@e size, and therefore reduced power to
detect an effect, it is possible that other bragions may have been impacted by RIT and
this was not reflected in the present sample dukntibed power. The current study only
provides a possible suggestion of a brain regicat RIT may be influencing. Thus,
replication using larger samples will be crucial tetermine if effects seen in the present
study are valid, stable and replicable.

A sample with a broad age range was recruited.nBagtivity changes have been
suggested between 3 and 4 years of age in chilmlmdrtherefore the results might differ if

analysis was segregated by age. However, as treneat and Wait-List Control groups
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were matched on both chronological and verbal niexga the comparison between the two
groups reveal valid, reliable results. Secondiyndge differences have been suggested in ERP
responses in this population (Webb et al., 201bgréfore, the findings may be biased due to
analyses of both males and females together. Adihnauoup differences were not found for
gender, the Treatment group had more females tirekVait-List Control group. This gender
difference could not be controlled for or studiexl @art of this research. This may have
affected the results observed and there is a phigsibat females may have responded to
RIT differently as compared to males at both betaal and neural level. Future studies
must, therefore look at gender effects on treatrolkahges.

Importantly, source localisation was not includedtie study. By looking at only
EEG/ERP activity it is often hard to conclude wharea of the brain might be implicated in
the activity observed. EEG picks up brain actiiiigm the scalp and the source of activity
may be from a completely different region than tvaere the electrodes are placed. Due to
limited resources, source localisation analysiddcowt be conducted and therefore it is not
possible to say conclusively that RIT directly imfe mirror neuron and sensorimotor cortex
functioning in this group of children with ASD. Swe localisation or pairing EEG with other
imaging techniques is a next step towards evalgathranges in the responses of specific
brain regions to RIT. Additionally, mu rhythm ansity may be supplemented in order to
better understand effect of RIT on action proc&ssin

Individual participant data showed that childresp@nded differently to RIT at a neural
level. Neural responses are perhaps suggestivenobra permanent impact and therefore
looking at those children who did not benefit framervention at a neural level could prove
vital in helping understand autism as well as dgveimore focused, tailored services.

Moreover, in order to assess the impact of chamgeteural responses observed through
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treatment on the development of children with amtisho received intervention, follow-up
studies looking at behavioural (language most irgmily) and neural development will be
important to assess the long-term impact of RI&@rasarly intervention.

Finally, due to the lack of a typically developiogntrol group it is difficult to conclude
regarding the direction of development of the twougs, that is, it is difficult to conclusively
say that children in the treatment group ‘improvediesponse to human action processing.
Also, group analysis of T1 and T2 data (changeyaig)l showed that there was a reversal in
response to match trials in the Treatment grouplevthere was increase in mismatch trial
over the central channels from T1 to T2. Withoutihg a typical control group it is difficult
to ascertain the impact of RIT, that is, if it ledgreater responses in processing of continuous
human action sounds or greater attention-oriemtategsponse to human action sounds that
were preceded by non-human stimuli.

Thus, the present results provide limited prelimma&vidence suggesting neural
responses associated with RIT, and studies witletasamples and typically developing

controls will be needed to conclusively understdraneural-behavioural associations.

SUMMARY & IMPLICATIONS OF CHAPTER 4

This chapter evaluated RIT through the use of aalegical measure, ERP. Changes
related to treatment were examined using an aydpoocessing paradigm, RAMM. Of
particular interest was the effect of RIT on hunaation stimuli. The results found significant
differences in ERP activity between the Treatmeok \&/ait-List Control group for the central
and mid-parietal channels for human-action soudgssing post-intervention. These results

were also associated with behavioural changes itation in response to treatment. Further,
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results from change through intervention data (iid &2 analysis) demonstrated changes in
processing through treatment. Also, results from-noman action processing highlight the
specific impact of RIT on social sounds compareddo-social sounds. Thus, the results
provide preliminary evidence of neural correlatésnutation skill changes in children with
autism. Furthermore, as the present sample shovwgedficant developmental delay and
intellectual disability (Chapter 3), the result® gromising for this population of children
with autism.

The next chapter extends on these findings and aisether EEG methodology and
paradigm to evaluate the effects of RIT on soam@ aon-social processing. The chapter will
therefore add to the evidence for the efficacy &f Rs an effective early intervention

program for children with autism at both a behaxaband neural level.
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CHAPTER 5

THE EFFECT OF RECIPROCAL IMITATION TRAINING ON SOCI AL

AND NON-SOCIAL PROCESSING IN CHILDREN WITH AUTISM
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5.1 INTRODUCTION

Humans are highly social beings and research lagrsthat just a few days old infants
pay more attention to social than non-social stirfiikélson, 2001; Puce & Bertenthal, 2015).
Researchers have proposed that there is a spediadetwork of brain regions involved in
social processing, popularly known as the ‘sociahid hypothesis (Adolphs, 2009;
Grossman & Johnson, 2007, see also Chapter 1 settbl). Advances in neurological
research into both visual and auditory social pseirgy have demonstrated that infants and
children exhibit specialist neural responses tega(De Haan & Nelson, 1999; Halit, De
Haan, & Johnson, 2003; Johnson, 2005; Taylor, Bagtyitier, 2004), facial emotions
(Grossmann, Striano, & Friederici, 2005, 2006), ggee detection and monitoring (Farroni,
Johnson, & Csibra, 2004; Reid & Dunn, 2015), huraations (Marshall & Meltzoff, 2011;
Oberman, Pineda, & Ramachandran, 2007; Reid, Gsikebsky, & Johnson, 2007), and
speech sounds (Kuhl & Rivera-Gaxiola, 2008). Thésdings provide support for the
hypothesis that there may be separate neural mesamafior social stimuli from early in life
(see also Chapter 1 section 1.4.1).

Due to several advantages of electroencephalogrépB®) over imaging methods,
including its non-invasive nature, excellent tengbaesolution, low cost, easy applicability
for varied populations, and portability, the methws gained popularity as an effective tool
for understanding brain mechanisms, detecting bikena of pathology and monitoring
treatments (Loo, Lenartowicz, & Makeig, 2016; Nelsb McCleery, 2008, see also Chapter
4 section 4.2.5). EEG oscillations are producedugh synchronous firing of large groups of
neurons. Rhythmic oscillations with particular asabons have been observed across various

frequency bands including low frequency delta (1zBHEnd theta (4-7Hz) bands, and higher
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frequency alpha (8-13Hz), beta (13-30Hz), and ganfgneater than 30Hz) bands. These
frequency bands seem to change throughout develdp(@asser, Verleger, Bacher, &

Sroka, 1988; Marshall, Bar-Haim, & Fox, 2002) aratle band has been associated with
various aspects of social-cognitive functioning.

Both theta and alpha bands, in particular, have Iséedied in relation to human social
processing. For example, theta activity has besacited with affective states and emotions
(Bekkedal, Rossi, & Panksepp, 2011; Knyazev, SlekodPlusnin, & Bocharov, 2009) and
memory (Burgess & Gruzelier, 1997; Gevins, SmithcBMoy, & Yu, 1997; Sauseng,
Klimesch, Schabus, & Doppelmayr, 2005) in typicavelopment. According to Miller
(1991) theta rhythm modulation can be triggeredugh socially significant and novel
stimuli (as cited in Orekhova, Stroganova, Posik&d&lam 2006). Orekhova et al., (2006)
found that in typically developing infants and dnén, theta oscillations in different regions
of the brain were associated with different stirtiola conditions, with toy exploration
leading to an increase in theta activity over fabrand temporal areas of the scalp, and
hearing adult speech leading to increases in thetigity over parietal areas, suggesting a
difference in regions for social and non-socialgassing. Similarly, Jones and colleagues
examined alpha and theta activity whilst 6 and 1@th-old infant participants watched
social and non-social movie stimuli as well as lisecial interaction and object play
conditions (Jones, Venema, Lowy, Earl, & Webb, 20C5eater theta activity was associated
with the social conditions of both viewing a soamabvie as well as a live social condition
over the frontal, parietal, and temporal region@asipared to the object condition, while
alpha activity was only modulated by the naturalisbcial interaction condition (Jones et al.,

2015). Additionally, Orekhova and colleagues shotind greater theta activity was observed
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in infants when engaging in a game of peek-a-bdb am examiner compared with passive
observation of an object or adult (Orekhova, Stnoga, & Posikera, 1999).

Likewise, alpha band frequency modulation recorfilech electrodes over the left and
right frontal cortices has been associated witltgyaion of emotion in typically developing
children (Coan & Allen, 2004; Davidson, 1992) asliwas a state and trait marker for
approach-withdrawal tendencies (Coan & Allen, 2Q00Bavidson, 1988, 2004; Sutton &
Davidson, 1997). Alpha suppression specificallgt tis, lower alpha activity, is associated
with greater neural processing/activation (Coanl&® 2003a,b). Alpha asymmetry over the
frontal cortex is related to affective stimuli, aisdconsidered a trait and state marker such
that an increased trait tendency to approach te s#adency to respond to positive affective
stimuli is associated with greater left frontal msyetry (i.e., reduced alpha power in the left
versus right hemisphere; Coan & Allen, 2003b; Cd&arfhllen, 2004). Alpha frequency
recorded over the central region, typically refdrte as the mu rhythm (8-13Hz), is found to
be associated with human action observation anticjpant action execution and has been
linked to the mirror neuron network (Marshall & Nwdff, 2011; Muthukumaraswamy,
Johnson, & McNair, 2004; Oberman et al., 2007; &ae005; see also Chapter 1 section
1.4.2. and Chapter 4 section 4.1.). Oberman ankamples in a study showed that mu
suppression was modulated by the degree of sontakaiction while viewing actions
(Oberman et al., 2007). The non-interactive coadinf individuals tossing the ball showed
least mu rhythm suppression in adults and maximum suppression was observed in
interactive condition of individuals throwing thalbat each other and to the participant
(Oberman et al., 2007), thus adding to evidencalfgina activity being modulated by social
stimuli. Therefore, in typical development, sogtimuli evoke precise neural responses (as

evidenced by differential EEG activity), which arkearly distinguishable from responses to
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non-social stimuli. Also, both theta and alpha baémdjuencies can distinguish social and
non-social processing reliably, as both bands gedre modulated by social processes.

Autism Spectrum Disorder (ASD) is a disorder ofiabcommunication functioning,
where symptoms emerge early in life and can sicguifily impact quality of life of the
individual. Atypical neural functioning in autismas been put forth and further supports the
hypothesis of ‘social specialisation’ in differelntain regions. Atypical responses in brain
activity have been noted in this population fortbtw and high level auditory and visual
processing of social stimuli (Belger, Carpenter,c#u Cleary, & Donkers, 2011; Jeste &
Nelson, 2009; Shultz, Jones, & Klin, 2015; Chagteection 1.4.1). Neurological differences
between children and adults with autism and typicaleveloping controls have been
observed in biological motion recognition and pssieg (Hirai et al., 2014; Klin, Lin,
Gorrindo, Ramsay, & Jones, 2009; Kroger et al.,420face processing (Aoki, Cortese, &
Tansella, 2015; Campatelli, Federico, Apicella,c8jc& Muratori, 2013; Dawson et al.,
2005), eye gaze processing (Grice et al., 2005pHPey, Morris, & McCarthy, 2005),
imitation skills (Bernier et al., 2007; Shih et,&010), human action processing (Martineau et
al., 2008; Oberman et al., 2005) as well as sppeatessing (Groen, Zwiers, van der Gaag,
& Buitelaar, 2008; Kujala, Lepisto, & Naatanen, 31

EEG research has also found atypical neural oBoilia in several of the frequency
bands described above in ASD (Billeci et al., 2028ben, Clarke, Hudspeth, & Barry, 2008;
Dawson et al., 1995; Orekhova et al., 2014; Strogaret al., 2007). Support for atypical
EEG activity comes from resting-state EEG studied task-based studies. Dawson and
colleagues compared resting-state EEG of fivegbteen year old children with autism with
a set of typically developing controls matched ge and another set of controls matched on

receptive language, in various frequency bandsndueyes-open resting-state EEG. They
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found that children with autism had reduced EEG grow the frontal and temporal regions in
delta, theta, and alpha frequency bands as weik@sced power in the left hemisphere
compared to the right (Dawson et al., 1995). Siryilan sustained visual attention conditions
(blowing bubbles and watching a moving fish videS)troganova et al. (2007) found that
there was a lack of leftward asymmetry in the @draind frontal regions and atypical leftward
hemispheric asymmetry in the temporal region irhalfrequency in boys with autism aged
between three to eight years compared to typicalgveloping boys. Additionally,
longitudinal studies of infants and infant siblingsrisk for autism have found deviance
primarily in mean alpha PSD and frontal alpha aswtnyn(Gabard-Durnam, Tierney, Vogel-
Farley, Tager-Flusberg, & Nelson, 2013; Orekhovaakt 2014) where developmental
trajectories from 6 to 24 months showed a signifiadifference between low- and high-risk
infants at 6 months on all EEG frequency bandsttistdifference was not significant at 24
months for any frequency band but alpha and gamarald (Tierney, Gabard-Durnam,
Vogel-Farley, Tager-Flusberg, & Nelson, 2012). $anhy Orekhova et al. (2014) found that
EEG alpha band hyper-connectivity in high-risk mfawas associated with a diagnosis of
autism at 36 months. Thus, atypical activity, esgdhcin the alpha frequency band, has been
consistently observed in multiple resting-state Edf@lies.

Task-based studies have also shown atypical priogess autism. A face processing
study found lesser theta activity and greater ak@pression in individuals with Asperger
syndrome compared to controls when viewing phogggsaof human faces (Yang,
Savostyanov, Tsai, & Liou, 2011). Further, Martimeand colleagues examined theta and
alpha frequency variations between 5 to 7 yearcbittiren with autism and typical controls
during four visual conditions: blank white screemo (stimulation), picture of lake (no

movement condition), video of waterfall (non-humarmovement condition) and woman
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performing scissor movements with her legs (humarement condition) (Martineau et al.,
2008). They found that in the low theta band (3&) control children showed greater
desynchronisation during human movement conditibilermno difference in spectral power
was observed across conditions for children wittisau Also, lateralisation differences were
observed between the two groups with children \aititism showing atypical lateralisation
(Martineau et al., 2008). Similarly, a small numbeéistudies examining auditory processing
in autism have found that individuals with autisawvé atypical theta activity in the auditory
cortex when listening to speech sounds (Jochaak,2015) and attenuated delta, theta and
alpha activity in the central region when viewingatoon video with sounds (Machado et
al., 2015). Taken together these studies providé Edence for atypical social processing
mechanisms in autism, especially in the theta #plobafrequency bands, which are typically
associated with social processing.

EEG studies in children with autism to date have used naturalistic stimuli to
investigate social processing differences. ExamiritiEG activity during naturalistic social
processing would help understand underlying nearathanisms during everyday social
interactions in children with autism. Furthermo&g&G studies of children with autism have
either employed visual or auditory stimuli sepdsat@hile everyday interactions involve
integration of sensory modalities, especially visarad auditory. No EEG study yet (to the
researcher’s knowledge) has investigated sociatgssing differences in alpha and theta
activity during the observation of naturalistic Ebenteractions using videos of social stimuli
(integrating visual and auditory senses) in chitdngth autism. Thus, the first aim of Study 1
was to evaluate differences in children with ASQI aypically developing children in alpha
and theta frequency bands during a social conditrdth adults reading nursery rhymes,

versus a non-social condition, with colourful shepmoving on the screen producing
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associated sounds. Naturalistic video stimuli waresen over live interaction as it ensured
standardisation of stimulus presentation acrossicgaants and therefore afforded a more
experimentally well-controlled method. In order help determine the specificity of any
observed atypicalities in alpha or theta activégsociations between autism symptoms and
alpha and theta frequencies were examined. Finaflychanges in EEG activity have been
noted based on differences in 1Q and language (Wabal., 2015), differences between
children with autism and a subset of verbally matttypical control children were examined

(sample taken from the chronological age-matchetpts).

As described above, social difficulties in autism highly prevalent at both behavioural
and neurological levels. Many early interventiorograms have therefore focused on
targeting social difficulties in this populationsAioted in Chapter 1 section 1.4.3, EEG has
been previously used to evaluate early interverpimgrams for children with autism such as
the Early Start Denver Model (Dawson et al., 2042) the Program for the Education and
Enrichment of Relational Skills (PEERS) interventi¥an Hecke et al., 2013). Both studies
produced emerging evidence suggesting that aufmofec social-communication
interventions, which produce positive effects ohaaour, can also have significant impact
on neural activity in individuals with autism (s&hapter 1 Section 1.4.3 for a detailed
discussion).

As noted in Chapter 1 section 1.2.3, Reciprocatdti@n Training (RIT) is a social-
communication intervention targeting social imiatiskills in children with autism. RIT has
a growing evidence-base for impacting not only atndn skills but also other social
behaviours including language, joint attention, &aro regulation and social-emotional

functioning (Ingersoll, 2010b, 2012; Ingersoll & @ans, 2007; Ingersoll & Lalonde, 2010;
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Ingersoll, Lewis, & Kroman, 2007; Ingersoll & Schmman, 2006; Ingersoll, Walton, Carlsen,
& Hamlin, 2013; Wainer & Ingersoll, 2013a). In Cheap3 and 4 specific changes in social
imitation associated with RIT from both behaviouaald neural perspective were evaluated.
As RIT may have an impact on general social fumitig, the aim of Study 2 was to use EEG
as a secondary outcome measure as part of the rpihdlomised controlled trial (RCT)
described earlier in the thesis (see Chapters 23antb evaluate neural changes in global
social processing that may be associated with Riilis, Study 2 aimed to examine changes
in processing, reflected in alpha and theta fregsn of social and non-social stimuli in
children with autism who underwent RIT as compandith children in a Wait-List Control
group.

The studies described in this chapter first evaldiadifferences in social processing
between children with autism and typical childrentheir alpha and theta activity, and then
evaluated neural correlates of change through RiTinkestigating EEG alpha and theta
frequency changes in children who underwent RITswera Wait-List Control group for
processing of social and non-social stimuli. Fiistwas hypothesised that greater theta
activity and greater alpha suppression (that is &pha activity) will be associated with
social processing. Second, it was hypothesised thdtren with autism will differ
significantly from typically developing children imoth alpha and theta EEG activity during
social and non-social processing. Third, it wasdtlgpsised that RIT will have an impact on
social processing in children with autism such thate will be a difference in theta and alpha
activity between the Treatment and the Wait-LisnCal groups measured post-treatment.
Finally, it was predicted that alpha and theta vagtiwould be associated with autism

symptomatology as evidenced by greater socialcditff being associated with less alpha
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suppression, and less theta and alpha activityuiome will be associated with change in

imitation skKills.

5.2 METHODS

5.2.1 Study1l
This study aimed to evaluate differences in childréth ASD and typically developing

children in alpha and theta frequency bands duaisgcial versus a non-social condition.

5.2.1.1 Participants

Thirty, sixteen months to six year old typicallyve#ping children were recruited
through the Infant and Child Lab database at Usitaeof Birmingham and a total of thirty-
nine, two to six year old children with autism weezruited. Thirty-seven children with
autism were recruited, primarily as part of th@pRCT described in Chapter 2 and 3, from
the Greater Birmingham region of United Kingdomotlgh various parent support groups
and word of mouth. Two children with autism wererugted as part of another project taking
place in the Infant and Child Lab through the PEASé&twork in Berkshire, United Kingdom
(now known as Child Autism, UK). Parents of childrevho were eligible, were initially
contacted via phone and once they verbally agregaiticipate in the study, were invited to
the University of Birmingham. All parents were agki® read and sign the University of
Birmingham Internal Review Board (IRB) approveddsticonsent and a video consent form
(Appendix B).

Typically developing children were excluded frone tetudy if: (a) they met or were

above the cut-off for ASD on the autism-screeningesgionnaires, (b) they had extreme
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prematurity at birth (3+weeks), (c) there was amynpry sensory impairment (such as
hearing loss), (d) there was a known presence g@éreetic disorder or a seizure disorder.
Typically developing children were not excludedhéy came from families speaking two or
more languages as most of the ASD sample recruitedexposed to two or more languages
at home. Of the thirty children, five children dwdt complete behavioural assessments and
three children did not complete EEG testing andetfoee their data were excluded from the
study. Furthermore, due to a technical problem witteo recording of the EEG of two
children, those EEG data were also discarded. Tdrerea final sample of twenty typically
developing children was included in the study. E#&Ba were analysed for high frequency
noise, motor and ocular artefacts. A minimum ofkébonds of good EEG data recording was
decided as the cut-off for power spectral densR$) analysis. Artefact-free data were
obtained from seventeen of the twenty childrenllynacluded in the sample (85% inclusion
rate).

Exclusion criteria for children with autism wereethame as that described in Chapter 3,
Section 3.2.1, as children were primarily recruitedthe RCT. For the purpose of this study,
data at T1 from the RCT were of interest. Therefdega from those children who dropped
out from the RCT after T1 assessments were inclugdéide sample. By eliminating children
who met the exclusion criteria and those who did camplete the behavioural or EEG
assessments, a total of sixteen children comptisedfinal sample for the present study.
Artefact-free data were obtained from twelve of sheeen children (75% inclusion rate).

Therefore, the current analysis is based on EE@ dieim seventeen typically

developing children (TD group) and twelve childneith autism (ASD group) matched on

chronological age (CA-matched groupb)dependent samples t-test revealed no significant
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group differences for chronological age (t = -0.p% 0.56) equal variances assumed (see

Table 5.1 for participant characteristics).

Table 5.1: Participant characteristics of chronologl age (CA) matched TD and ASD

groups.
Group M (SD) It df p
ASD (n=12) TD (n=17)
M S.D. Range M S.D. Range
Chronologica 43.8 17.3 24-75 39.3 21.6 16-83 -0.59 27 0.56
| Age
(in months)
Gender (% 75% - - 76.8%¢ - - 0.01 1 0.93
male)
Handedness 100% - - 88% - - 152 1 0.22
(% right-
handed)

Nonverbal 28.1 13.0 15-57 39.3 20.7 16.5-68.5 1.6427 0.11
Mental Age

Verbal 18.7 12.3 4-40 36.7 199 12.5-65.5 27927 0.01
Mental Age

Q-CHAT 67.5 10.7 67-68  28.7 9.2 21-43 -5.67 6 <0.01
SCQ total 23.5 2.2 15-30 6.4 49 4-12 - 19 <0.01
score 10.04

As EEG activity is impacted by verbal abilities,sabset of children from the same
sample were matched on verbal mental age (VMA-neatdroups), ten children with autism
and twelve typically developing children. Indepemdsamples t-test and chi-square test
revealed that the two groups were comparable o bwetbal and non-verbal abilities (Table

5.2 for participant characteristics of the VMA-magd groups).
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Table 5.2: Participant characteristics of verbaityatched ASD and TD children.

Group M (SD) 21t df p

ASD (n =10) D (n = 12)

M S.D. Range M S.D. Range

Chronological 45.6 18.5 24-75 30.1 16.1 16-58 -2.10 20 0.05
Age

(in months)

Gender (% 80% - - 83.3% - - 004 1 0.84
male)

Handedness  100% - - 92% - - 087 1 0.35
(% right-

handed)

Nonverbal 29.5 134 16-57 299 13.56.5-64.0 -0.8 20 0.94
Mental Age

Verbal Mental 21.5 115 7.5-405 275 15.82.(-56.5 -1.03 20 0.32
Age
Q-CHAT 67.5 10.7 67-78 28.7 9.2 21-43 -5.67 6 040.

SCQ total 24.4 5.4 15-30 6.4 0.5 6-7 -7.27 11 <0.01
score

5.2.1.2 Behavioural Measures

5.2.1.2.1 Autism Screening Measures

Two age-appropriate, Level 1 autism-screening Gquasdires (Garcia-Primo et al.,
2014), the Social Communication Questionnaire (S@QJ the Quantitative Checklist for
Autism (QCHAT) were administered to both participgroups.

The Quantitative Checklist for Autism (QCHAT; Altia et al., 2008) is a brief autism-
screening tool for eighteen to twenty-four montk tbddlers suspected of autism. It is a

parent questionnaire that assesses the child eal so@ communication difficulties and any
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repetitive behaviours and interests. The Q-CHATresdrom one child in the typically
developing group were not obtained as family did cmmplete the questionnaire during
assessment and then moved to a different countnglglafter the assessment was completed.
None of the children in the TD group met the cutfof ‘suspicion’ of an Autism Spectrum
Disorder (score of over 50), whereas all childmethie ASD group met the cut-off (Table 5.1
and 5.2).

The Social Communication Questionnaire — Lifetinditign (SCQ); Rutter, Bailey, &
Lord, 2003) is a widely used autism screening meagar children over 4 years, which has
further been found to have high sensitivity (93%t) ¢hildren from 2 years to 6 years of age
(Allen, Silove, Williams, & Hutchins, 2007). The §Cwas therefore administered to all
children over 2 years. The SCQ is a parent questios assessing social and communication
difficulties in children suspected with autism. Atoff score of 15 and over is suggestive of
Autism Spectrum Disorder. All but one family conelé the SCQ (for reasons stated above),
where no child in the TD group had a score of ntba& 11 but all children in the ASD group

had a score of over 15 (see Table 5.1 and 5.2¢f@ild).

5.2.1.2.2 Mullen Scales of Early Learning

The Mullen Scales of Early Learning (MSEL; Mullea995) is a standardised
developmental assessment for children evaluatindy erbal (receptive and expressive
language) and non-verbal skills (gross motor, fim@or and visual reception). Each domain
gives a t-score as well as age equivalents. Duetédectual delay in children with autism,
age-equivalent scores for both groups were usethaVand Non-verbal mental ages were
generated by calculating the mean scores from tiweegnd expressive language domains for

verbal mental age (VMA), and fine motor and visteaeption domains for non-verbal mental
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age (NVMA). Independent t-tests for the CA matchgups showed no significant
difference between the two groups on NVMA but ansigant difference on the VMA (Table
5.1). When matched for VMA, no significant grougfelience was found for VMA and

NVMA (Table 5.2).

5.2.1.2.3 Autism Diagnostic Observation Schedule — Generic

The Autism Diagnostic Observation Schedule — Ger@&bDOS-G; Lord et al., 2000) is
a semi-structured, standardised, play based assetsitihat measures social and
communication difficulties as well as stereotypeghetitive behaviours associated with ASD.
In the present study, the ADOS was administere¢ éoi the ASD group, in order to
determine and/or confirm that children met theecid for an Autism Spectrum Disorder.
Modules 1, 2 and 3 were administered for the ptes@mple and all children met the criteria
for Autism Spectrum Disorder. From the twelve cteld in the final sample, eight had an
outside clinical diagnosis of an Autism Spectrunsddder and four were in the process of

receiving a diagnosis.

5.2.2 Study 2
This study aimed to examine changes in neural geicg, reflected in alpha and theta
frequencies, of social and non-social stimuli inldren with autism who underwent RIT as

compared with children in a Wait-List Control group

5.2.2.1 Participants
Twenty-four two to six year old children with autisvere recruited for the pilot RCT

as described in Chapter 3 Section 3.2.1. EEG datadcial and non-social processing were
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collected at both T1 and T2. At T1 thirteen childggarticipated in the EEG assessment, out
of which nine children (five in the Treatment groampd four in the Wait-List Control group)
produced 45 seconds or more of artefact-free EEgBrdeng per condition (social, non-
social). At T2 eighteen children participated ie tBEG assessment and 45 seconds or more
of artefact-free recordings were obtained for bathditions from fourteen children: seven
from the Treatment group and seven from the Wait-Gontrol group. Of these children,
only four children in each group produced viable&Ed@ata at both T1 and T2. Therefore, due
to a small sample size, T1 and T2 data were exatahéhe individual participant level, with
only T2 data analysed at a group level using grdapign statistical tests. Independent
samples t-test revealed no significant differentetween the two groups at T1 on
chronological age, VMA, NVMA, or ADOS scores (Talli). However, chi-square t-test on
gender showed significant differences between grauigh 4 females in the Treatment group

while the Wait-List Control group included only real(Table 5.3).
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Table 5.3: Participant characteristics by groupTt.

Group M (SD) 2t df p

Treatment Wait-List Control

(n=7) (n=7)

M S.D. Range M S.D. Range
Gender (% 43% - - 100% - - 5.6 1 0.02
male)
Handedness 100% - - 100% - - - - -
(% right-
handed)
Chronological 44.7 16.1 26-72 474 143 34-70 -0.3312 0.75
Age (in
months)
Nonverbal 29.0 134 185- 255 10.0 14.5- 0.56 12 0.58
Mental Age 57.0 43.5
Verbal 17.4 10.2 4.0- 202 16.2 55- -0.39 12 0.71
Mental Age 34.5 53.5

ADOS Total 14.3 35 11-20 14.0 4.8 8-21 0.13 12 0.90
score

5.2.2.2 Behavioural Measures

Behavioural measures were administered at T1 antd rizlex cognitive, language, and
imitation abilities. All of the behavioural meassradministered are described in Section
5.2.1.2 and in Chapter 3, Section 3.2.3. Mulleal&cof Early Learning (Mullen, 1995) were
administered to evaluate non-verbal and verbal ahage, ADOS-G (Lord et al., 2000) was
administered to determine criteria for Autism Spatt Disorder and two imitation change
measures were administered to assess spontanedusli@ted imitation in children with

autism.
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5.2.2.3 Intervention

All children in the Treatment group received Reagal Imitation Training (RIT) for 20
sessions over 12 weeks (for a detailed descripibrRIT see Chapters 1 and 3). To
summarise, children with autism received trainiogd total of 20 sessions, two to three times
a week. Each session lasted one hour and includdedhild interacting with two or three
therapists individually over 20-minute periods. i@bdmitation, specifically object and

gesture imitation, was targeted along with so@aponsivity and social reciprocity.

5.2.3 EEG Assessment

The studies described in this chapter used stiaeMeloped by Graham (2014), and
have been reported in similar studies examining E&Bvity in infants and children
(Christou et al., 2015; Graham, 2014.) The stinndre comprised of separate thirty second
video clips of peopleeadingnursery rhymes (social videos) and colourful @didytproduced
objects moving around the screen producing conting®unds (non-social videos). All
videos were recorded using a digital camera witbsalution of 720 x 576 colour pixels and
were then transferred to Windows Movie Maker wherey were edited into 30 seconds
epochs (Graham, 2014). All videos were recordea data rate of 768 kilobytes per second
(kbps), total bit rate of 89kbps and frame rat@®fframes per second (Christou et al., 2015).
Sound tracks for the social video were transfetoedudacity (version 1.3.12, 2010) where
they were normalised to ensure maximum and miniramplitude remained the same across
videos (Graham, 2014). Sound was recorded at ao audate of 128 kbps and stereo-audio
sample rate of 44kHz (Christou et al., 2015). Videoordings and sound tracks were then

combined in Windows Movie Maker (version 2.6, 2Q01Bgcordings of screensavers from

° For a review of advantages of EEG in evaluatiomtarventions see Chapter 4 section 4.2.5.
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Windows XP (2001) were used to develop the nonadaiileos (Graham, 2014). The screen
recordings were edited using the software Snag#rsign 10.0.0, 2010) and sounds
accompanying the non-social videos were createdhandalised in Audacity (version 1.3.12,
2010) using the same parameters as the socials/i@@aham, 2014). Brightness level for all
videos was adjusted to 50% (Graham, 2014).

Six minutes of social and non-social video footagepectively was recorded for
viewing, that is, total of twelve minutes of videi@wing for each participant. Both the social
and non-social videos comprised of twelve differahirty-second videos that were
counterbalanced within and between participantgig@iu et al., 2015). One video segment
of thirty seconds was followed by another videonsegt from the same condition (Figure
5.1). All videos were shown on a computer screeh amn average volume of 68dB recorded

at the child’s head, using 2.1-Hz audio speakerat{@n, 2014).
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Figure 5.1: Social/Non-Social video processing expent stimuli presentation.

5.2.4 EEG Procedure and Recording

The researcher first played with regular hats whi# child in a separate playroom in
order to build rapport and help the child becomsedsitised to wearing a hat. While playing
with the child, head size was measured using artsassure. EEG was recorded in a separate
EEG/ERP recording room. Children either sat onrtharent’s lap or on their own (with the
parent sitting behind them) approximately 70cm aweym the computer screen and
speakers. During EEG net application children westieer given a toy to occupy their hands
or were distracted with sound and light toys. Otiee EEG net was placed on the child’s

head, the EEG recording was started and stimulevpeesented with the social and non-
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social video conditions counterbalanced acrossggaaints. Each condition was presented for
one minute, with two thirty-seconds blocks separdig a pause (Figure 5.1). Breaks were
taken between stimuli viewing if the child was dessed during the EEG recording. A video
camera recorded the child’s looking behaviour dythe EEG recording.

EEG data were recorded continuously using a highsitde 128-channel Hydrocel
Geodesic Sensor Net (HCGSN, Electrical Geodesics Eugene, Oregon) referenced to a
single vertex electrode, Cz (sample rate = 500 dfiine highpass filter = 0.1 Hz; Tucker,
1993). EEG data were recorded using Net Statiorddtd acquisition software and stimuli
were presented using E-Prime 2.0 software (Psyglgo&oftware Tools, Inc., Sharpsburg,

PA). Electrode impedances were kept below 1QGkthe time of recording.

5.2.5 EEG Analysis

EEG analysis procedures were similar to those destrin Graham (2014) and
Christou et al. (2015). All EEG recordings werelgsed offline on NetStation 4.5.1 software
(Electrical Geodesics). The author and one trareedarch assistant carried out analysis. The
research assistant received extensive trainingnatysing continuous EEG data including
detecting artefacts and differentiating and sebgchbrain activity data. Data analysed by the
researcher and research assistant were balancess agroups with equal number of files
being analysed between groups and between each @be to the nature of analysing
continuous EEG data, biases in the editing proaess highly unlikely. However, as the data
were analysed by the author, consistent blindimggfoup allocation of participants was not
possible.

Individual participant EEG data were filtered usiadhigh-pass filter of 0.1Hz and a

low-pass Notch filter at 50Hz. EEG recordings wdren segmented based on epoch (30-
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second video clips) and condition (social, non-apcusing a clinical segmentation tool. EEG
sections and individual electrodes were manuallykethbad for each segment if there was
participant movement or other artefacts. If a sagniad more than 12 electrodes marked
bad, the segment was excluded from further analpéier manual bad channel selection, bad
channels in data including 12 or fewer bad channelse replaced using a spherical spline
interpolation algorithm (Srinivasan et al., 1996ubsequently, sections of representative
brain activity data (free from any artefacts sushege blinks) were selected from each
segment. Video recording for each segment was cilsoked wherein only those segments
where the child was observed to be looking at ideosstimuli were included. All segments
were then combined for each condition and, finalbypverted to an average reference. Files
for each condition for each participant were exgarin RAW format for use in a purpose-
build MATLAB-based program for data analysis. EE&adwere split into one-second epochs
using MATLAB program (version 7.1.0). Using a 50@hsecond window with 60%
overlap, Fast Fourier Transforms were calculatedefh epoch and power spectral density
(PSD) values were generated (Christou et al., 20RSpP is the measurement of amplitude
and consistency of synchronous firing of neuron$ PSD values were log transformed for
individual frequencies between 3-13Hz.

Previous research suggests that theta activityesdrom 3.5-5.6Hz in 12 month old
infants to 4-7Hz in 3 to 6 year old children (Orelh et al., 2006) while alpha activity also
modulates developmentally with Marshall and collessy finding alpha activity to vary
between 6-9Hz in infancy to 7-12 Hz in childhoodafighall et al., 2002). Therefore, there is
a degree of overlap in the manner in which theatlaeid alpha frequency bands are defined in
the existing literature (Stroganova & Orekhova, 200It has been recommended that

frequency bands, especially in early childhood, nnes defined in narrow frequencies and
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alpha activity has been often defined using twodsafower alpha of 7-9Hz and upper alpha
of 10-13Hz (Klimesch, 1999). Owing to participagea ranging from 16 months to 6 years in
the current study, theta band activity was defiag@®-6 Hz while the alpha band was defined
as activity between 7-9 Hz (lower alpha) and 10-A8kpper alpha).

Electrode locations were chosen based upon previessarch implicating frontal,
central and temporal-parietal regions in sociatfioming in typically developing individuals.
Consistent with this, the social brain network Ihaen proposed to include regions of the
orbitofrontal cortex (OFC), dorsolateral prefrontalrtex (dIPFC), medial prefrontal cortex
(mPFC), a central and parietal mirror neuron neftwand the temporal-parietal junction
(TPJ), among other regions (Frith & Frith, 2010p&mann & Johnson, 2007). Therefore,
six left and six right electrodes over the dIPF@ aix left and six right electrodes around the
OFC were chosen, corresponding to the F3 and Fdretkes and F1 and F2 electrodes in the
international 10-20 EEG coordinate system respelsti¢Figure 5.2). Additionally, six left
and six right electrodes located over the TPJ wgetected corresponding to TP3 and TP4
electrode regions, and five left and five right €ahelectrodes were chosen around the C3
and C4 regions in the international 10-20 EEG syst€igure 5.2). Theta, lower alpha and
upper alpha mean PSDs were analysed across edoh fegween conditions and groups.
Planned analyses included analysing for each freyuband separately as well. This was
implemented as previous research suggests tharehtf regions of the brain and different

social processes modulate the theta and alpha li#feiently.
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A. OFC B. dIPFC

C. Central D.TPJ

Figure 5.2: Montages selected for analysis. A. @fipontal Cortex (OFC), B. Dorsolateral

Prefrontal Cortex (dIPFC), C. Central, and D. TemglePareital Junction (TPJ).
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5.3 RESULTS
5.3.1 Study 1: ASD versus TD group

5.3.1.1 Alphaand Theta Activity: CA-matched groups

Children in the ASD and chronological age-match&hl)( TD group produced
comparable amounts of EEG data, and independenpleamtest revealed no significant
differences in length of artefact-free EEG datab{&&.4). A Shapiro-Wilk test of normality
further revealed non-significant results for meaBDP values, indicating a normally
distributed dataset. Parametric tests were thexgferformed. All results violated Mauchley’s
test of Sphericity and, therefore, Greenhouse-@eiadjusted values have been reported.
Mixed ANOVAs were carried out and post-hoc analysesteraction effects were performed
using Bonferroni correctidfi Post-hoc analyses included pairwise comparisodspéanned

t-tests.

Table 5.4: Mean length (S.D.) of artefact-free E@#®a (in seconds) for the two groups in the

two conditions.

Condition ASD TD t (27) p-value
(n=12) (n=17)

Social 116.75 135.76 0.79 0.43
(59.2) (66.3)

Non-Social 140.75 150.53 0.38 0.71
(52) (77)

It was hypothesised that greater theta activity gnediter alpha suppression (that is low
alpha activity) will be associated with social pessing and that children with autism will

differ significantly from typically developing chiten in both alpha and theta EEG activity

1% The SPSS manual gives syntax for Bonferroni cowedhat can be used with pairwise comparisonstand
tests. This syntax was applied for each comparison.
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during social and non-social processing. In ordezualuate differences between the TD and
ASD groups in theta, lower alpha and upper alphevigcwhile viewing social and non-
social stimuli, a five-way mixed ANOVA was condudteith frequency band (mean PSD for
theta, lower alpha, upper alpha), condition (sqaian-social), region (Central, TPJ, OFC,
dIPFC) and hemisphere (left, right) as within-sutgefactors and group (TD, ASD) as a
between-subjects factor.

This analysis revealed a main effect of regibn(1,27) = 73.59p <O.01,n,;,2 = 0.73)
and frequency bandF((1,27) = 516.92p <O.01,11,[,2 =0.95).

A significant interaction was found for hemisphereondition £ (1,27) = 18.04p
<0.01, np2 = 0.40) suggesting difference in processing ofiadoand non-social stimuli
between left and right hemispheres. However, pagwcomparisons using Bonferroni
correction did not reveal any significant differesc

Four different interactions were revealed for fregey band: frequency band X
condition € (1,27) = 8.37p <O.01,np2 = 0.24), region x frequency banié (1,27) = 16.69p
<O.01,r|p2 = 0.38), region x hemisphere x frequency bandraateon ¢ (1,27) = 11.56p
<O.01,r|p2 = 0.30) and condition x frequency band x grougrattion E (1,27) = 5.74p =
0.01, npz = 0.18). These interactions supported the previatgument for evaluating
frequency bands individually.

Post-hoc analysis using pairwise comparisons witmf&roni correction for the
frequency band x condition interaction revealed ti@re was a significant difference in
mean Theta activity for the socid¥l(= 0.78,S.E.= 0.04) versus non-social conditiond €
0.75,S.E.= 0.04;p = 0.01).

Pairwise comparisons using Bonferroni correctiomeasdso conducted on the region x

frequency band interaction to examine differenceadtivity amongst regions for individual
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frequency bands. Theta activity differed signifitarbetween the Central, TPJ, OFC and
dIPFC regions (all differences between regions hata activity significant ap <0.01)
revealing highest theta activity over OFC regiord dowest theta PSD over the Central
channels (Table 5.5). Lower and upper alpha agtiaver the Central region were
significantly different from activity over the TPOFC and dIPFC regiong €0.01), and OFC
activity differed significantly from activity ove€entral, TPJ and dIPFC regiop €0.01)
showing greatest lower and upper alpha suppressitre Central region. However, activity
in the TPJ and dIPFC was significantly differeminfr Central and OFC regiong €0.01) but
no difference in EEG alpha activity was found betwePJ and dIPFC regiop € 0.37;

Table 5.5). Thus, different regions modulated daetpuency band differently.

Table 5.5: Mean PSD for theta, lower alpha and upapha EEG activity for central,
temporal parietal junction (TPJ), orbitofrontal dex (OFC) and dorsolateral prefrontal

cortex (dIPFC) for the whole sample.

Region Mean Theta PSD Mean Lower Alpha Mean Upper
(S.E) PSD(S.E.) Alpha PSD(S.E.)
Central 0.60 0.31 -0.29
(0.04) (0.04) (0.04)
TPJ 0.72 0.45 -0.15
(0.03) (0.04) (0.04)
OFC 0.91 0.56 -0.04
(0.04) (0.05) (0.04)
dIPFC 0.83 0.50 -0.11
(0.04) (0.05) (0.04)

In order to understand the three-way interactiammsrégion x hemisphere x frequency
band and condition x frequency band x group, furthABlOVAs were conducted. These
ANOVAs tied with previous planned analyses regaydfEG frequencies being different

across regions and conditions. To evaluate thethgges regarding differences in social and
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non-social processing for theta, lower alpha ang@eupalpha frequency bands planned
analyses were conducted for each band individudllyerefore, mixed ANOVAs were

conducted for theta, lower alpha and upper alphaddavith region (Central, TPJ, OFC,
dIPFC), condition (social, non-social) and hemisphgeft, right) as within-subjects factors

and group (TD, ASD) as between-subjects factor.

5.3.1.1.1 Theta Band Activity (3 — 6Hz)

The mixed ANOVA for theta band activity revealedignificant main effect of region,
(F (1,27) = 93.26p <0.01,n,” = 0.78) and conditionA((1,27) = 7.17p = 0.01,n,” = 0.21).
Highest theta activity was observed for the OFGared@M = 0.91,S.E.= 0.04) and for the
social conditioni = 0.78,S.E= 0.04).

A significant interaction effect was found for catmh x hemisphereR (1,27) = 7.18p
= 0.01, np2 = 0.21). Post-hoc pairwise comparisons using Boofé correction found a
significantly greater theta activity for the sodisl = 0.79,S.E.= 0.04) condition compared to

the non-social conditioM = 0.75,S.E.= 0.04) in the right hemispheng €0.01; Figure 5.3).
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Figure 5.3: Theta power spectredensity for the social and nawocial conditions recorde
over the left and right hemispheres for the whaelgsle Error bars represent standai

error.

5.3.1.1.2 Lower Alpha Band Activity (— 9Hz)

A mixed ANOVA for lower alpha activity revealed a sifitant mén effect of region,
(F (1,27) = 46.31p <0.01,np2 = 0.63). As alpha suppressisuggests greater brain acti,
lowest alpha activity was observed for the Cenzglon M = 0.31,S.E = 0.04).

A significant interaction effect was found for catiwh x hemigphere (F (1,27) = 12.33,
P <0.01,np2 = 0.3)) however |osthoc pairwise comparisons using Herroni correction did

not produceany significant differences in activit
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5.3.1.1.3 Upper Alpha Band Activity (1- 13Hz)

Results of the mixed ANOVA found agnificant main effect of regic (F (1,27) =
71.35,p <O.01,np2 = 0.73. Lowest upper alpha activity was observed in tleat@l regior
(M=-0.29,S.E.= 0.04).

Region x hemisphere interaction was found to baificant (F (1,27) = 4.0p = 0.02,
np2 = 0.13), and podtoc analysis revealed a difference in hemispheriity for Central
and OFC regions (Figure 5.4). In the Central regjgater alpha suppression was observe
the left hemisphere =- 0.32,S.E.= 0.04) compared with right hemispe M = - 0.26,
S.E.= 0.04;p <0.01) In the OFC region, alpha suppression \also observed in the left
hemisphereNl = - 0.06,S.E.= 0.05) compared with right hemispheric activiM = - 0.01,

S.E.= 0.05;p = 0.05).

Central TPJ OFC dIPFC

-0.05
-0.1 |

-0.15

Mean PSD

-0.2 4
-0.25 1

-0.3 |

-0.35

0.4 - e B

Figure 5.4: Upper Alphaactivity recorded over the left and right hemisgsefor central
temporalparietal junction (TPJ), orbitofrontal cortex (OFCand dorsolateral prefronte

cortex (dIPFC) scalp regions for the whole san Error bars represent standard err.
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5.3.1.1.4 Condition by Group Interaction

The main mixed ANOVA had initially revealed a coimai x frequency x group
interaction (Figure 5.5). However, none of the @recy bands individually were able to
explain the group interaction. Therefore, anottetro$ two-way ANOVA was conducted for
condition x group to explicate the three-way intéian. Neither the main effect of condition
(F(1,27)=2.81p= O.ll,n,;,2 = 0.09) nor the condition x group interactién((,27) = 0.47p
= 0.50, np2 = 0.02), were significant. Therefore, no conclasikesults regarding which
differences were driving the three-way interactadrcondition by group by frequency band
were obtained.

Visual inspection of mean PSDs showed that lowphalfrequency in the TD group
was greater in the social conditioN ( = 0.43,S.E.= 0.05) compared to the non-social
condition M = 0.39,S.E.= 0.06). However, for the ASD group, lower alphathe social
condition M = 0.49,S.E.= 0.06) was observed to be lesser compared to dhesocial
condition M = 0.52,S.E.= 0.07; Figure 5.5). Thus, even though furtherigiaal analyses
did not show the mean PSD differences to be smamifi a different trend in the means of

lower alpha activity for the two groups was obsedrve
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Figure 5.5: Graph showip theta, lower alpha and upper alpha activity facgl and nor-

social condition in the ASD and TD grou Error bars represent standard err. .

To summarise, first, it was hypothesised that @redieta activity and greater alp

suppression (thasilow alpha activity) will be associated with sd@eocessing. The prese

results were able to find that only theta actiwitgs modulated by condition, with grea

theta activity associated with social conditionc®@®, it was hypothesised that cren with

autism will differ significantly from typically desloping children in both alpha and th

EEG activity during social and n-social processing. Even though a mixed interaatifbect

was found for group differences based on condiot frequecy band, po-hoc analysis did

not lead to any conclusive findinc
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5.3.1.2 Alphaand Theta Activity: VMA-matched groups

As mentioned previously to control for differendesEEG activity based on verbal
abilities a sub-group of verbal mental age matatteldiren were analysed for social and non-
social processing differences in the theta, lowet @pper alpha frequencies. An independent
samples t-test revealed no differences in the tewogtartefact-free EEG data between the
ASD and verbal-age matched (VMA) TD groups (Tahk).5Shapiro-Wilk test of normality
revealed non-significant results for mean PSD \&alndicating normally distributed dataset.
Parametric tests were therefore performed. Allltestolated Mauchley’s test of Sphericity

and therefore, Greenhouse-Geisser adjusted vahvesheen reported.

Table 5.6: Mean length (S.D.) of artefact-free E&&a (in seconds) for the VMA-matched

two groups in the two conditions.

Condition ASD TD t (20) p-value
(n=10) (n=12)

Social 127.90 (58.8) 115.42 (62.9)  -0.48 0.64

Non-Social 145.10 (49.5) 128.83 (77.7)  -0.57 0.57

To examine social and non-social processing diffege between groups, a mixed
ANOVA was conducted with frequency band (mean P&DHeta, lower alpha, upper alpha),
condition (social, non-social), region (Central JT®FC, dIPFC) and hemisphere (left, right)
as within-subjects factors and group (TD, ASD) esMeen-subjects factor. Analysis revealed

very similar effects as the CA-matched groups (& &b¥).
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Table 5.7: Summary of five-way ANOVA for verbal talesige matched TD (n=12) and ASD

(n=10) groups.

F(120) p np’

Region 49.19 ** 0.71
Condition 0.65 0.43 0.03
Hemisphere 1.19 0.29 0.06
Frequency Band 488.89 ** 0.96
RxG 1.63 0.22 0.08
CxG 0.14 0.72 0.01
HxG 0.01 0.94 0.00
FxG 2.21 0.12 0.10
RxC 0.40 0.69 0.02
RxH 1.80 0.17 0.08
CxH 7.78 0.01* 0.28
RxF 12.19 ** 0.38
CxF 10.25 ** 0.34
HxF 1.00 0.36 0.05
RxCxG 1.24 0.30 0.06
RxHxG 0.87 0.44 0.04
CxHxG 0.04 0.85 0.00
RxCxH 0.61 0.53 0.03
RxFxG 0.78 0.48 0.04
CxFxG 2.94 0.07 0.13
RxCxF 1.53 0.22 0.07
HxFxG 0.16 0.81 0.01
RxHXF 11.97 i 0.37
CxHxF 2.23 0.12 0.10
RxXCxFxG 1.65 0.20 0.08
RXCxHxG 1.98 0.16 0.09
RxHXxFxG 1.56 0.20 0.07
CxHxFxG 0.77 0.47 0.04
RxCxHxF 1.04 0.38 0.05
RxCxHxFxG 0.84 0.48 0.04

** F-gtatistic significant at p<0.01.
All values shaded grey were significant at p <0B5= Region, C = Condition, H= Hemisphere, F = Fremncy
band, G = Group.
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Post-hoc analysis revealed significantly greateetdhactivity in the social condition
(M= 0.78,S.E.= 0.04) compared to the non-social conditibt=(0.75,S.E.= 0.04;p = 0.02),
and differences in activity between regions forvidual frequency bands (see Table 5.8 for
mean values). Similar to previous results for th&-rGatched groups, Theta activity was
found to significantly differ between the Centragion compared with OFC, TPJ and dIPFC
regions (p<0.01); OFC region compared to TPJ and dIPp€001); and TPJ region
compared to dIPFQ(= 0.04). In the lower alpha band, a significarfitedence in activity was
found between the Central region compared with OFZJ, and dIPFC regiorfp<0.01); OFC
region compared to dIPF@<0.01); and TPJ region compared to dIPRC<Q.01) but was
not significant between TPJ and OFC regipr=(0.21). Finally, in the upper alpha band a
significant difference was found between the Cénmtgion compared with OFC, TPJ and
dIPFC regiongp<0.01); OFC region compared to dIPF8x0.01); and TPJ region compared

to dIPFC p <0.01) and TPJ and OFC regigm=0.01).

Table 5.8: Mean PSD for theta, lower and upper alfEG activity for central, temporal
parietal junction (TPJ), orbitofrontal cortex (OFCand dorsolateral prefrontal cortex

(dIPFC) in the VMA-matched sample for the wholedam

Region Mean Theta PSD Mean Lower Alpha  Mean Upper
(S.E) PSD(S.E.) Alpha PSD(S.E.)
Central 0.61 0.31 -0.29
(0.04) (0.04) (0.04)
TPJ 0.74 0.46 -0.15
(0.03) (0.04) (0.04)
OFC 0.90 0.54 -0.06
(0.05) (0.05) (0.05)
DLPFC 0.82 0.48 -0.13
(0.05) (0.05) (0.05)
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Planned analyses were conducted on each frequancly Mixed ANOVAs with region

(Central, TPJ, OFC, dIPFC), conditions (social,-sonial) and hemispheres (left, right) as

within-subject factors and group (TD, ASD) as betwesubjects factor were conducted

(Table 5.9). The results were similar to thosetter CA-matched group.

Table 5.9: Summary of four-way ANOVA in theta, loaleha and upper alpha frequency

bands for VMA-matched TD and ASD sample.

Theta Lower Alpha Upper Alpha

F P m F p w Foop o

(1,20) (1,20) (1,20)
Region 59.94 ** 0.75 30.45 ** 0.60 47.99 ** 0.71
Condition 6.28 0.02* 0.24 0.78 039 004 224 0.15 0.10
Hemisphere 066 043 003 125 029 0.06 148 0.2407
RxG 1.15 034 005 209 016 0.09 122 0.30 0.06
CxG 000 099 0.00 130 027 006 0.27 061 0.01
HxG 005 082 0.00 0.001 098 0.00 0.002 0.97 00.0
RxC 1.70 020 0.08 054 056 0.03 040 0.68 0.20
CxH 7.30 0.01* 0.27 6.08 0.02* 0.23 0.24 0.63 0.01
RxH 1.89 0.16 0.09 119 032 0.00423 0.01* 0.18
RxCxG 1.33 027 006 029 072 001 215 0.10100
RxHxG 119 032 006 033 074 002 117 0.32060
CxHxG 066 043 003 043 052 002 0.08 0.78000
RxCxH 1.34 027 006 059 057 0.03 0.28 0.72010
RxCxHxG 253 010 0.11 129 029 0.06 1.06 350. 0.05

** E-statistic significant at p<0.01.

All values shaded grey were significant at p <0.R5 Region, C = Condition, H = Hemisphere, G = @m
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Theta band activity was highest for the OFC redir= 0.90,S.E.= 0.05) and for the
social condition M = 0.78, S.E.= 0.04). Theta activity differed in the right hepiiere
between the sociaM = 0.80,S.E.= 0.04) and non-social conditionsl & 0.75,S.E.= 0.04)
with greater activity in the social condition. Lowalpha band activity was lowest in the
Central region N = 0.31,S.E.= 0.04). Post-hoc comparisons did not show anyifsignt
difference in hemispheric activity for the two cdimhs. Upper Alpha activity was also
lowest in the Central regiorM( = - 0.29, S.E.= 0.04). Post-hoc analysis on the region x
hemispheric interaction revealed greater left hphesic alpha suppressioli (= - 0.33,S.E.

= 0.04) compared to right hemispheric alpha agtifM = -0.25,S.E.= 0.04).

Thus the results provided partial support for tingt hypothesis of the study as greater

theta activity for social condition compared to sswtial condition was observed but no

differences in social/non-social processing weflected in the lower and upper alpha bands.

Also, the results for the chronological age-matclszanple revealed a complex group

interaction for condition and frequency bands, hevepost-hoc analyses did not reveal any

conclusive results regarding which differences wdreving the three-way interaction.

Furthermore, this interaction was not observedha werbal mental age matched sub-group.

Thus, with regards to the second and third hypaghafsthe study, no conclusive results can

be found regarding differences in theta and alglraddrequency during social or non-social

processing between the ASD and TD groups.

5.3.1.3 Correlation Analysis
A last hypothesis of the present study was thahaalpnd theta activity will be

associated with autism symptomatology as eviderwgdgreater social difficulty being
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associated with less alpha suppression and lets dbsvity. Correlations were conducted to
investigate relationships between EEG frequencydbaand autism symptomatology as
measured on the ADOS domains: reciprocal sociarastion, communication, stereotyped
behaviours and restricted interests and play, @ABD group. Pearson correlations were
conducted and Holm-Bonferroni sequential correctias used to correct for Type 1 error
due to the large number of analyses carried ouet@®, 2013; Holm, 1979). Corrected
values revealed no significant correlations betweEG activity in any of the three frequency

bands and ADOS domain or total scores (Appendsxudigesting that alpha and theta activity

were not associated with ASD symptomatology inglesent sample.

5.3.2 Study 2: Treatment versus Wait-List Control Group

The aim of Study 2 was to examine changes in psitgsreflected in alpha and theta
frequencies, of social and non-social stimuli inldren with autism who underwent RIT as
compared with children in a Wait-List Control groufence, EEG activity in children with
autism between the two groups, Treatment and Wsit<€ontrol, was compared on theta,
lower alpha and upper alpha frequency bands. Dubédaelatively small amount of data
obtained at T1, the data analyses were conductédanwvays. First, as a larger number of
children produced artefact-free EEG data at Tim&ann-Whitney U were carried out to
identify group differences in social and non-so@icessing at outcome. Subsequently, data
from a total of eight children (four each from theeatment and Wait-List Control groups)
who produced viable EEG data at both T1 and T2 weeenined. Individual participant data
were used for descriptive analysis of changes fiidinto T2 in an effort to understand

patterns associated with any differences identifienveen the two groups at T2.

185



5.3.2.1 Post-treatment Results: Treatment (n=7) versus Wait-List Control group (n=7)
The amount of viable, artefact-free EEG data wamdoto be similar across the two
groups (Table 5.10). Due to the small sample sizeé wariability in the sample, non-

parametric analysis was carried out.

Table 5.10: Mean length (S.D.) of artefact-free EHB&a (in seconds) for the Treatment

(n=7) and Wait-List Control group (n=7) in the tvoonditions.

Condition Treatment  Wait-List t(12) p-value
(n=7) Control
(n=7)
Social 100.1 (51.1) 87.0(19.8) 0.63 0.54
Non-Social 60.4 (15.0) 61.6 (17.1) -0.13 0.90

Mann-Whitney U test was conducted for each regentral, TPJ OFC and dIPFC),
condition (social and non-social) and frequencydog@iheta, lower alpha and upper alpha) to
analyse for group differences in processing. Analydid not reveal any significant
differences between Treatment and Wait-List congup for any region, condition or

frequency band (Table 5.11).
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Table 5.11: Median, range scores and Mann-Whitriayissics for Central, TPJ, OFC and

dIPFC regions for theta, lower alpha and upper apBEG activity for the Treatment (n=7)

and Wait-List Control groups (n=7) in the two cotoins at T2.

Treatment Wait-List Control
(n=7) (n=7)
Mdn Range Mdn Range U z p
Central
Theta Non-Social 0.56 0.08-0.80 0.66 0.30-0.7724 -0.06 0.95
Theta Social 0.64 0.11-0.79 0.70 0.24-0.7921 -0.45 0.66
Lower Alpha Non- 0.52 -0.34-0.68 0.35 -0.03-0.48 15 -1.21 0.23
Social
Lower Alpha Social 0.30 -0.24 - 0.56 0.35 -0-44a.40 24 -0.06 0.95
Upper Alpha Non- -0.17 -0.79 - 0.06 -0.24 -055-0.05 21 -0.49.66
Social
Upper Alpha Social -0.32 -0.76 —-0.03 -0.20 620.0.03 17 -096 0.34
TPJ
Theta Non-Social 0.68 0.13-0.89 0.74 0.43880 23 -0.19 0.85
Theta Social 0.59 0.25-0.88 0.77 0.37-0.8916 -1.09 0.28
Lower Alpha Non- 0.63 -0.21-0.83 0.43 0.13-0.62 22 -0.32 50.7
Social
Lower Alpha Social 0.36 -0.04 - 0.65 0.47 0.0356 17 -0.96 0.34
Upper Alpha Non- -0.07 -0.68 - 0.21 -0.11 -0.38-0.14 24 -0.08.95
Social
Upper Alpha Social -0.28 -0.58 — 0.02 -0.11 30-50.16 15 -1.21 0.23
OFC
Theta Non-Social 0.99 0.61-1.13 0.90 0.69141. 22 -0.32 0.75
Theta Social 0.96 0.72-1.15 0.93 0.77-1.085 -1.21 0.23
Lower Alpha Non- 0.76 0.18-0.94 0.53 0.29-0.74 24 -0.06 0.95
Social
Lower Alpha Social 0.58 0.35-0.81 0.55 0.2644 23 -0.19 0.85
Upper Alpha Non- 0.08 -0.28 - 0.30 0.05 -0.23 -0.22 20 -0.58 705
Social
Upper Alpha Social 0.07 -0.15-0.18 0.15 -G-2B28 19 -07 0.48
dIPFC
Theta Non-Social 0.87 0.43-1.12 0.86 0.6®51. 24 -0.06 0.95
Theta Social 0.84 0.51-1.01 0.86 0.66 -1.0116 -1.09 0.28
Lower Alpha Non- 0.76 0.04 -0.90 0.49 0.24 -0.69 24 -0.06 0.95
Social
Lower Alpha Social 0.42 0.17-0.77 0.51 0.2169 22 -0.32 0.75
Upper Alpha Non- 0.01 -0.44 - 0.23 0.03 -0.29 -0.21 23 -0.19 850.
Social
Upper Alpha Social -0.05 -0.34-0.13 0.10 -0.9723 18 -0.83 041
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It was hypothesised that RIT will have an impactsogial processing in children with

autism reflected in difference in theta and alptiiviay between the Treatment and the Wait-

List Control groups measured post-treatment, howawegroup differences were found for

theta, lower alpha or upper alpha activity at oomtedbetween the Treatment and Wait-List

Control group. The findings do not support the hHigesis that RIT had an impact on social

or non-social processing in children with autism.

5.3.2.2 Individual Participant Data Analyses. Treatment (n=4) versus Wait-list Control
group (n=4)

To investigate the effect of RIT on change in EEGivaty, T1 and T2 data were
compared for participants who produced artefac-ttata at both time points. As the sample
size was small, mean scores were calculated fosdgb&l and non-social condition for theta,
lower alpha and upper alpha activity in each regatrboth T1 and T2. Individual participant

data are discussed below for each region and frexyusand.

5.3.2.2.1 Central

Theta In the non-social condition, in the Treatmentugrdhree out of four children showed
higher theta activity at T2 compared to T1 whilgldien in the Wait-List group showed
lesser activity at T2 compared to T1 (Figure 5.FDby. the social condition, only one child in
the Treatment group showed higher theta at T2 cosdpto T1. All other children in the
Treatment group showed lower theta activity at ©fhpared to T1 and the same pattern of
lower activity at T2 compared with T1 was obserf@dthe Wait-List Control group (Figure
5.11). Thus, Treatment and Wait-List Control graliffered in theta activity for the non-

social condition from T1 to T2.
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Lower Alpha In the lower alpha band, greater activity wasnsaeT2 compared with T1 in
three out of four children in the Treatment grouipilevall children in the Wait-List Control
group showed lower activity at T2 for the non-sbciandition (Figure 5.11). For the social
condition three children in the two respective groshowed lesser lower alpha activity at T2
compared with T1 though this was more pronounceth@& Wait-List Control group and
lower alpha activity for one child in the Treatmemoup did not change while one child in
the Wait-List Control group demonstrated highehal@activity at T2 compared to T1 (Figure
5.11). Thus, again the two groups differed in afstim the non-social condition.

Upper Alpha:Iin the upper alpha band, suppression in activiég wbserved for both social
and non-social condition. Greater upper alpha sggwn was observed for the social
condition as compared to the non-social conditiod @ the Wait-List Control group

compared to the Treatment group (Figure 5.11).
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Figure 5.11: Individual participant mean PSDs foredtment (n=4) and Wait-List Control
(n=4) group for the social and non-social conditiontheta, lower alpha and upper alpha

bands over the Central electrodes.
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5.3.2.2.2 Temporal Parietal Junction (TPJ)

Theta: In the TPJ region, all children in the Treatmeriup showed an increase in theta
activity for the non-social condition while two &ien in the Wait-List group showed
increase in activity and two children showed a ease in theta activity from T1 to T2
(Figure 5.12). In the social condition, three cteldin the Treatment and three children in the
Wait-List Control group showed a decrease in tlaetavity at T2 and one child in each group
showed an increase at T2 compared with T1 (Figur2)5

Lower Alpha: In the lower alpha band, for the non-social cdoditthree children in the
Treatment group showed an increase in activityzatdmpared with T1 while one child had a
slight decrease in activity while three childrentire Wait-List group show lower alpha
activity at T2 (Figure 5.12). Conversely, in thecisb condition three children in the
Treatment group and Wait-List Control group showager activity at T2 while one child in
each group had an increase in lower alpha banditgctiom T1 to T2 (Figure 5.12). Thus,
there was a difference in lower alpha band activétween groups for non-social stimuli.
Upper Alpha:Iin the non-social condition, two children in theedtment group and one child
in the Wait-List Control group had a lesser alplppsession (lesser alpha activity). All
others showed greater alpha suppression at T2 r@g-igu2). For social stimuli Treatment
group showed greater suppression at T2 while tlgeof four children showed alpha

suppression in the Wait-List group.
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Figure 5.12: Individual participant mean PSDs foredtment (n=4) and Wait-List Control
(n=4) group for the social and non-social conditiontheta, lower alpha and upper alpha

bands over the TPJ.
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5.3.2.2.3 Orbitofrontal Cortex (OFC)

Theta:For the non-social condition, three out of foulldien in the Treatment group showed
higher theta activity at T2 compared with T1. Casedy, two children in the Wait-List group
showed lower theta activity at T2 and two childred the same activity at T2 as at T1. For
the social condition, there was an increase irathetivity for two children in the Treatment
group while all children in the Wait-List group sted a decrease in theta activity at T2
compared with T1. Thus, there was a differencectividy between groups for both social and
non-social condition at T2 (Figure 5.13).

Lower Alpha: Three children in the Treatment and one childha Wait-List group had
increased lower alpha activity from T1 to T2 fompsocial stimuli (Figure 5.13). For social
stimuli, two children in the Treatment group did sbow a change in activity from T1 to T2
while the other two children showed a decreaselphaaactivity at T2. Conversely, three
children in the Wait-List group showed a decreasiewer alpha activity from T1 to T2 while
one child showed an increase in activity (FigudSh.

Upper Alpha: In the upper alpha band, Wait-List participantovséd greater alpha
suppression compared with the Treatment group ff@rto T2 in both the conditions (Figure

5.13).
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Figure 5.13: Individual participant mean PSDs faore@itment (n=4) And Wait-List Control
(n=4) group for the social and non-social conditiontheta, lower alpha and upper alpha

bands over the OFC region
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5.3.2.2.4 Dorsolateral Prefrontal Cortex (dIPFC)

Theta:In the non-social condition, group differences evebserved where all children in the
Treatment group showed an increase in activity fliinto T2 while three children in the
Wait-List group showed a decrease in activity (Fégb.14). In the social condition three
children in the Treatment group showed lower tlestfvity from T1 to T2 while one child
showed an increase. All children in the Wait-Lisbyp showed a decrease in theta activity at
T2 (Figure 5.14).

Lower Alpha: In the non-social condition, two children in theed@tment group showed an
increase in lower alpha activity from T1 to T2 vehdctivity did not change for one child and
one child showed a decrease in lower alpha. Oottier hand, three children in the Wait-List
Control group showed a decrease in lower alphaigctnd activity did not change for one
child. For social stimuli, children in the Treatmiemd Wait-List group showed comparable
activity - three children showed decrease in aistiat T2 compared to T1 and for one child
activity remained the same at T1 and T2 (Figurd)s.1

Upper Alpha:Iln the upper alpha band, for the non-social camditwo children receiving
RIT showed an increase in activity while one clsitcbwed greater negative activity and there
was no change in upper alpha activity for one childnversely, in the wait-list group three
children showed greater negative activity at T2 parad with T1 and one child showed an
increase in activity. For social stimuli, two chigth in the Treatment group showed greater
alpha suppression at T2 while two children didsesm to show any activity in this condition
for this frequency band. On the other hand, thrie&en in the wait-list group showed
greater negative activity at T2 compared with Tlilevlone child showed an increase in

activity.
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Figure 5.14: Individual participant mean PSDs foredtment (n=4) and Wait-List Control
(n=4) group for the social and non-social conditiontheta, lower alpha and upper alpha

bands in the dIPFC region.
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Thus individual participant data suggests groufeckhces for the non-social condition

over time between the Treatment and Wait-List Gungroup over the central, TPJ and

dIPEC.

5.3.2.3 Correlation Analysis

To examine any association between changes intiantand EEG activity, theta,
lower alpha and upper alpha activity for social and-social condition in the four regions of
Central, TPJ, OFC and dIPFC were compared with gdaacores on Unstructured Imitation
Assessment (UIA) using Pearson correlations. Catrogl was carried out only for the UIA as
behavioural results (discussed in Chapter 3) redesignificant changes only in spontaneous
imitation, measured on the UIA. The left and rigkmispheric activity was collapsed to give
mean PSD values for social and non-social conditoreach frequency band and region. In
order to control for error, Holm-Bonferroni sequahtorrection was used (Gaetano, 2013)
and correlation analyses did not reveal any sicguift results (Appendix ).

Thus, for study 2, the results did not support higpothesis of an impact of RIT on
social processing in children with autism, as enat®l by no difference in theta, lower alpha
and upper alpha activity between the Treatmentthad/Nait-List Control groups measured
post-treatment as well as when analysed for chdmgagh treatment from T1 to T2. Further,

no association was found between behavioural sffgicdRIT and EEG activity.
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5.4 DISCUSSION

The two studies described in this chapter examswoaial and non-social processing in
children with autism compared to typical childredavhether RIT has an impact on neural

responses during social and non-social stimulusgzsing in children with autism.

5.4.1 Study 1

The first study aimed to identify and examine pa#drdifferences in EEG activity in
the theta (3-6Hz), lower alpha (7-9Hz) and upp@hal (10-13Hz) bands in children with
autism and typically developing children during gesesing of social and non-social stimuli. It
was hypothesised that greater theta activity aedtgr alpha suppression would be associated
with social processing. The study results foundatge right hemispheric power spectral
density for EEG theta band during social viewingidibon compared to the non-social
condition, however no difference in alpha suppassivas found for social and non-social
conditions. It has been suggested that theta betndta may be a more sensitive measure of
social processing especially during naturalistimsli presentations (Jones et al., 2015) and
the current results support this claim. A studyJbypes and colleagues found that in typically
developing infants, no differences were observadafpha activity for social versus non-
social processing when stimuli were presentedvideo format whereas theta frequency was
modulated in both live interaction and naturalistideo viewing conditions (Jones et al.,
2015). Thus, theta band may be a more sensitivesumeeof social processing in early
childhood compared to EEG alpha band. Furthermorehe present study, the greatest theta
power was observed over the right hemisphere ofGRE€ region suggesting greater right

hemispheric frontal theta activity in young childrén an ERP study examining human action
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sound processing in toddlers, greater right lasatbn was observed over the frontal cortex
in 2 to 3 year old toddlers compared to the 4 te&r old children for human action sound
processing (Stefanidou, Ceponiene & McCleery, wvienw; Stefanidou, 2014). Jones and
colleagues examining theta activity also found tgneaight than left hemispheric activity
when comparing social and non-social stimulus meicg (Jones et al., 2015) and Orekhova
et al. (2006) found right lateralisation in therftal channels for theta activity in typically
developing infants. The present sample had sixteddren (55% of the sample) between 16
months to 36 months suggesting the possibility thatfinding of right lateralisation in the
theta band may have been influenced by inclusioa gfeater percentage of children in the
younger age group in the current study. Overajjhtrifrontal theta activity seems to be a
possible indicator of social processing in earljydtiood.

A second hypothesis of the study was that childvdth autism and typically
developing children would differ significantly ohedta, lower alpha and upper alpha activity
during social and non-social processing. ResultsHe chronological age matched sample
showed that there was a significant interactionrwbeh groups, stimulus type and EEG
frequency bands, and, visual inspection of meand>&iggested that the typically developing
group had greater lower alpha band activity duthig non-social video condition compared
with the social condition, while this pattern wasersed for children with autism with greater
lower alpha band activity during the social coratiti However, these mean differences did
not reach significance in a follow-up analysis. $ha complex interaction, which is not
immediately apparent in the data, may be driving gnoup differences, and there may be
other covert factors driving the significant resul&s hypothesised, differences between the
two groups were observed in lower alpha activityirty social and non-social processing

though these differences were not statisticallynificant. However, the social/non-social
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processing differences in the current study wese abserved only in the chronologically
age-matched groups of TD and ASD children, whikeséhdifferences were not statistically
significant in the verbal age-matched sub-grouprb¥k ability, therefore, could be an
important factor contributing to differences obszhn the chronological age-matched group
comparisons. There is a very close relationshipiéen language and social functioning, with
development of non-verbal social skills aiding tevelopment of language (Bates & Dick,
2002). It is possible that neural responses toasatimuli may vary based on language
abilities and language processing may require sacmpetence. Owing to this complex
relationship, it is possible that when the two grewere matched on expressive and receptive
language age, differences observed in social psotgsvere negated. This is particularly true
given that the social video stimuli utilised in tbarrent study involved people speaking
nursery rhymes. Another potential reason for grdifferences not being observed in the
verbal age-match group could be the very small samse in this particular analysis.
Smaller sample sizes create greater error in estingof the means (i.e., larger statistical
variance), and thereby reduce statistical powétdntify effects and make it more difficult to
draw firm conclusions. A larger verbal age-matchanhple will be crucial to determine if the
findings of the current chronological age matcheshparison are replicated in future studies.
Finally, the study also found greater alpha sumgpoesin the upper alpha band of 10-
13Hz over the central region and significantly ¢eedeft hemispheric activity compared to
right hemispheric activity was observed in thiggfrency band across participant groups for
both the central and OFC regions. Left lateralisatf alpha activity in the central and frontal
regions in this study is in accordance with presititerature on alpha band activity (Coan &

Allen, 2003a,b; Davidson, 2004; Klimesch, 2012p§énova & Orekhova, 2007).
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Overall, the current study provides preliminarydarice for verbal ability influencing
differential processing for social and non-socitinali in typically developing and ASD
children in EEG theta and alpha bands. It also iges/support for theta activity in young

children being modulated more during social inteogacconditions.

5.4.2 Study 2

The second study aimed to examine differencesatatHower alpha and upper alpha
activity in children with autism who underwent Rtbmpared to children in a Wait-List
Control group. No differences were observed at @mute between the two groups on any
frequency band for either condition. These findisgggest that RIT may not impact EEG
oscillations during general social processing ifldcén with autism. As RIT is a focused
intervention for specifically improving social iration skills in children with autism, it is
possible that RIT had an impact on neural proceasssciated with imitation skills only (as
evidenced by results in Chapter 4) rather thandeoanpacts upon social processing more
generally. This is supported by the existing bebaral literature, which has shown that the
focus of an intervention leads to specific reswitsereas generalisation of skill is often a
difficulty in this population (Schreibman, 2000)s RIT focused on social imitation only it is
likely that other aspects of social processing babdaviour were not affected. This is also
supported by the behavioural findings discusse@hapter 3 where imitation changes were
observed on the spontaneous, social imitation tedik and not on elicited imitation tasks.
However, previous studies of RIT have produced eawig¢ to suggest that RIT can have
significant impact on other aspects of social fiomhg including language and joint
attention skills. Variation in the delivery of imention between previous studies and the

present RCT, for example, fewer intervention hourgy have not only impacted on
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behavioural results but EEG activity also. At theme time, differences in participant
characteristics and variation in autism aetiology ather factors that may help to explain
differential behavioural results and also the puéémmpact of RIT on EEG activity during
social and non-social processing. Further, veryllssaanple size in this study might have
limited power in the study to detect an effect, &metefore a higher chance of a Type 1 error
suggesting null findings when actually there mayehlaeen an effect.

In order to better understand potential differenaed any changes in neural activity
through intervention, individual participant datiatimme 1 and time 2 were analysed for the
Treatment and Wait-List Control groups. The resdigygest some differences between
groups in non-social processing reflected in ativin the theta and lower alpha bands
recorded over the Central, TPJ and dIPFC regionsveider, due to the small sample size it
was difficult to analyse data using statistical Imoeis and therefore, no conclusive findings
could be reached. .

Overall, no consistent pattern or otherwise conetuindings were apparent regarding
changes in EEG activity associated with RIT intaetien, and thus RIT may not influence
social processing broadly or generally but, insteady have a greater impact on specific

processing of imitation skills.

5.4.3 Conclusions

Differences in EEG activity during social and namial processing in the
chronologically age matched sample of children wathitism and typically developing
children were driven by a complex interaction ohdition and EEG frequency bands such
that no conclusive findings were observed. Analydi® sub-group of verbal age matched

children suggested that differences might be imibeel by verbal abilities. With regards to
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EEG effects that were consistent across groupgahaativity differences for social versus
non-social processing were observed in specific BEGuency bands, and suggest that theta
band activity may be a stronger contender for wtdading social attention mechanisms in
early childhood. Finally, RIT may not have an imipae the broader functioning of the social
brain network more generally and may have moreip&itfects on imitation networks such

as those reflected in the findings of Chapter 4.

5.4.4 Limitations and Future Directions

A main limitation of the current studies was snsainple sizes. These restricted the use
of more sophisticated analyses, and both the vealgalmatched sample and the RIT
intervention versus wait-list samples had low statal power. This makes interpretation of
study results difficult, as it is highly likely thgroup differences were not observed in the two
studies because of small number of participanteengroups. On the other hand, each of the
groups in the comparisons were matched on parti&eha characteristics, such as age, verbal
and non-verbal abilities and handedness. Thus n@idrom confounding factors was
minimised in the current samples. However, theenirstudies only provide an indication of
possible effects and in order to conclusively gateereliable findings, replication with larger
sample sizes is warranted.

Variability in EEG power spectral density has begaoposed based on age and
intellectual ability. Frequency band modulationtaddlers may be different from that in the
EEG activity of 4 to 6 year olds and children waiverage to superior intellectual functioning
may be different in EEG activity compared to cleldrwith intellectual delays and deficits
(Webb et al., 2015). In the current study, childseith autism with both high and low

intellectual functioning were included together aagk varied from 16 months to 6 years.
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These factors may have been confounders in they.st@Hallenges in recruitment and
resulting sample sizes did not allow more nuancethformative age-based analyses and
therefore all children were pooled together. Howgeveespite these limitations, the
chronological age-matched sample was similar in-verbal skills, and to control for
variability in participants due to verbal ability ssecondary set of analyses was conducted
wherein both the ASD versus typically developingl aSD intervention versus wait-list
participant groups were individually matched forbad mental age and chronological age.
This led to comparisons of well-matched samplesieasing the validity of the findings and
interpretations.

An important participant characteristic that coulot be controlled for as part of the
study examining differences in children who undemnBIT and a wait-list control group,
was gender. Although the initial sample recruitedthe pilot RCT produced two groups that
were comparable on male to female ratio (Chaptsecdion 3.2.1), no female participants in
the Wait-List Control group produced viable EEGadarherefore the final sample in the
present study included a treatment group with &mamtly more number of female
participants compared to the control group. It @sn suggested that gender differences may
be observed in EEG activity (Webb et al., 2015)weweer, due to the sample size, separate
analyses of gender differences were not possilildemale participants were included in the
final sample. Conversely, even though gender diffees were present between the two
groups, no difference in EEG power spectral densdtween the Treatment and Wait-List
Control group were found. Thus, variability in tsample was high on accounts of both
gender and age, and small sample sizes made amagseinterpretation of results highly
challenging. Studies with larger sample sizes ntlhstefore be designed to minimise the

confounding impact of chronological age and genderprder to draw firm conclusions
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regarding differences in EEG activity between at@fdwith ASD and typically developing
children, and any possible impact of RIT.

Looking behaviour was not monitored directly ast mdrthe study. Looking time was
however, indexed via video recordings, and groupdeaced comparable looking time. A
video camera was placed in the recording room teuren that EEG data analysed
corresponded with the child looking at the scra¢owever, it is possible that children with
autism and control groups were looking at differaspects of the adult’s face in the social
videos, for example. If so, then the children wABD may have used different neural
processing mechanisms while processing social nmdtion. This being said, there was no
consistent evidence for differences in social on-social processing differences that might
reflect this in the current study.

Finally, the stimuli used in the study were not hwehatched. The social stimuli had four
different adults reading nursery rhymes to childvemle the non-social stimuli included
shapes and objects moving around the screen aestinnds. The two stimuli were not
matched on novelty, such that the non-social stinvale not something that a child would
likely observe in everyday life. Viewing time alseflected this as children in all groups had
longer lengths of time viewing non-social videosnpared to social videos, which suggests
that these stimuli may have been more novel fomthEhere were also physical differences
between the two types of stimuli. For example,dhekground used in the videos was not the
same, where social stimuli were filmed against ightrwhite background and non-social
stimuli had a black background. These and othderdifices in novelty and visuo-physical
features could have had an impact on processingpanéans or processing styles used by the
two groups. Conversely, the stimuli are indeededéht on aspect of social and non-social

factors and are representative of the conditioesrédsearcher was attempting to measure.
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Thus, results in general reflect global social aoa-social processing. Refined social and
non-social measures could be used in the futuam ieffort to produce a better understanding
of differences and similarities in social and nawial processing in children with autism and
typically developing children. In order to improftgure research, the present stimuli may be
redesigned to include better matched social andsooial stimuli. For example, non-social
stimuli could be produced using toys that childae@ familiar with such as musical toys such
that novelty of stimuli is reduced. The stimulibonth conditions may also be superimposed
on a black background in order to control for viqnysical features. For social stimuli,
variability in facial expressions of adults readthg nursery rhymes must be controlled. Also,
different measures on social and non-social funatigto evaluate the impact of RIT may be
beneficial to understand if there are other keyeatsp of social functioning other than
imitation that the intervention has an impact oor Example, adding live interaction social
and non-social conditions (interaction with a parseersus interaction with toys) would
produce valuable information on whether neural fioming differs in everyday interactions
in autism. Also, resting-phase EEG recordings (Whigically require only 2-3 minutes of
viable data) will probably be helpful to include future studies of RIT due to the ease of
gathering resting EEG data from such young childasnwell as many previous studies
showing differences in children with ASD and typigaleveloping children on resting-state

EEG.

SUMMARY & IMPLICATIONS OF CHAPTER 5

The studies presented in this chapter were desigméelp produce a comprehensive

picture of social versus non-social processingutisan, first by investigating differences in
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processing mechanisms and then examining the effectervention on differences in neural
processing within an autism group. Even though grdifferences were found in the age-
matched sample, no differences were observed whéddren with autism and typically
developing children were matched on verbal skiéT, also, did not appear to have an
impact upon social or non-social functioning inldfen with autism. The study is one of the
first in the field to use a naturalistic video pdigan in an effort to examine social and non-
social processing differences. The present studglse the first to report data on use
continuous EEG and power spectral density as agehareasure to look at neural changes in
children with autism who underwent RIT comparecdhvetWait-List Control group.

Chapter 3 focused on behavioural changes obseitwvedigh RIT and Chapter 4
assessed neural correlates of the imitation chaslggsrved in Chapter 3. The present chapter
investigated if RIT could have an impact on a bevaddex of social processing. All three
chapters examined the impact of RIT using diffener@thodologies. Chapter 6 includes a

general discussion of findings and concluding résar
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CHAPTER 6

GENERAL DISCUSSION
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6.1 INTRODUCTION

Autism Spectrum Disorder (ASD) is a developmentatodtier with social-
communication difficulties, and, stereotyped, rép&t behaviours and interests as the key
defining features of the disorder. Symptoms areroftoticeable early in life and have a
lifelong impact on the quality of life of the inddual. An early impairment that is known to
have later implications on social, communicatiord agnitive functions is imitation. In
Chapter 1 imitation skill impairments in childrenthvautism were discussed. It was argued
that impairments in imitation were specific to gwial aspect of imitation (Section 1.1.2.2).
The association between imitation skill deficitsdasther social-communication skills was
also discussed (Section 1.1.2.2). Social imitatidefined as reciprocal imitation with a
purpose of engaging socially and emotionally withaatner, was proposed as an important
target skill for children with autism as well as essential backdrop to the development of
more complex social, communicative and cognitivissk

Early interventions for children with autism werésalissed in Section 1.2 Early
interventions have been defined in two ways: basethe theoretical model and on the focus
of intervention. Based on the various theoreticabdels, three approaches to early
intervention in autism were described: behaviourdevelopmental and naturalistic
developmental behavioural interventions. It wasuadj that naturalistic developmental
behavioural model of early intervention had the mm®mising results in children with
autism (section 1.2.1.3). Early intervention progsahave also been classified based on the
focus of intervention as either comprehensive cu$sed, with the comprehensive programs
addressing a wide range of social-communicative addptive skills while the focused

programs target a specific skill.
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As social imitation was recognised as an importarty milestone for children with
autism, a focused, naturalistic developmental bielaal early intervention, Reciprocal
Imitation Training (RIT), was reviewed for evidensepporting its efficacy in teaching
children with autism social imitation skills (sewti 1.2.3). It was argued that RIT has
generated a growing body of research demonstrasreffectiveness for having a significant
influence on imitation skills, social engagememtnduage, and joint attention (Ingersoll,
2010b; 2012; Ingersoll & Lalonde, 2010; IngersollS&hreibman, 2006). However, a major
gap in RIT research was identified as a lack oficapon trials in different lab settings and in
the community. This had been acknowledged as arntgpwback, preventing RIT from
being recognised as an evidence-based intervefWong et al., 2015).

Behaviour is influenced by and is a product of gien@eurological and environmental
factors. Neurological research has focused on dlaionship between brain and behaviour
and Section 1.4 of Chapter 1 focused on neurolbgitderpinnings for social processing in
human beings. The differences in the processingsadial and non-social stimuli in
individuals with autism were examined and it waguad that individuals with autism show
specific deficits in the ‘social brain’ network. @&ig with other kinds of social stimuli,
atypical processing of human action in both theualisand auditory domains has been
observed (Hamilton, 2013) and in Section 1.4.2 onimeuron system dysfunctions in
children with autism were examined and, neuroldgigaderpinnings for imitation skills
dysfunctions were discussed providing greater exdefor imitation being a key skill to
target in children with autism.

The studies described in this thesis were thereforglucted to fill the gaps identified
in RIT research and evaluate the impact of an iroitaintervention on neural correlates of

imitation and global social processing (see algmfé 1.1).
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6.2 AIMS OF THE THESIS

The aims of this thesis were to attempt replicatbthe previous findings of RIT as an
effective intervention for increasing social imitet skills in children with autism, using a
randomised controlled trial design, and evaluatessiide neurological correlates of
behavioural changes observed through RIT. Throighuse of EEG and ERP as novel
outcome measures, the research aimed to unravehgbel mechanisms modulated by
behaviour-based early intervention focusing on aaanitation. Thus, by evaluating neural
responses to social stimuli in a set of childremwhderwent RIT, the current research aimed
to broaden the approaches used to evaluate intemenas well as identify possible

biomarkers for social imitation deficits in childravith autism.

6.3 MAIN FINDINGS

6.3.1 Reciprocal Imitation Training Impacts Spontaneous,Social Imitation

In Chapter 3 behavioural change measures weretasedestigate the effect of RIT on
spontaneous, social imitation skills in childrenthwautism. Two measures of imitation,
Unstructured Imitation Assessment and Structuredtation Assessment, were used to
measure changes in spontaneous social imitatiorekeited imitation respectively. A quasi-
randomised controlled trial (RCT) design was usedvhich after stratified randomisation
based on age and expressive language, children autism were allocated to either a
Treatment group or a Wait-List Control group. Thredtment group received 20 hours of RIT
over a period of 12 to 14 weeks. Children were sk for imitation skills at intake (T1) and

after 12 to 14 weeks (T2).
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The results showed that children with autism wheereed RIT had significantly higher
scores on spontaneous social imitation skills tblaitldren in the Wait-List Control group.
However, even though there was an increase irtedigmitation skills from T1 to T2 for the
Treatment group, the difference between Wait-Lishiol and Treatment group was not
significant. Thus the study was able to partiabplicate previous results of RIT having a
significant impact on imitation skills.

The study reported in Chapter 3 was the first esereplication trial of RIT and
provided support for RIT impacting social imitatigkills in children with autism. At the
same time the study provided support for naturaldtvelopmental behavioural interventions
as being a successful model for influencing sagkdls, as well as increasing spontaneity in
use of a skill, an area often found to be the mbatlenging in children with autism (Chiang
& Carter, 2008). This study also set the backgrofandfurther investigation of changes in
social imitation skills through RIT by evaluatingural processes associated with imitation

and social skills.

6.3.2 Child Characteristics Associated with Imitation Gans

A second aim of Chapter 3 was to evaluate predictdrresponse to treatment. In
Chapter 1 section 1.2.4 it was argued that ag@n@autism symptom severity pre-treatment,
have been previously associated with gains poatrrent in different intervention models.
These factors were therefore examined for assonmtvith imitation gains through RIT. Due
to small sample size sophisticated analyses wer@assible. Correlation analyses revealed
that gains in spontaneous, object and gesturetiomtavere associated with lesser difficulties
in reciprocal social skills and fewer stereotypeghdwiours and restricted interests (as

measured on the ADOS). These results provide linigaidence of possible child
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characteristics of responders to RIT. Individuatitgras of change were also assessed using
the Reliable Change Index to examine children vélially changed, and therefore benefitted
significantly, from RIT. Mixed profiles of childrewere found in the Treatment and Wait-list
Control groups. However, lack of self-stimulatorgpetitive behaviours was one consistent

pattern observed in the four children who changdéidbly in the Treatment group

6.3.3 Reciprocal Imitation Training Impacts Neural Processing Of Human Action
Sounds

In Chapter 4, using the neurophysiological methba@went-related potentials (ERP),
the effects of RIT on auditory human action procegsvere examined. Using the backdrop
of the pilot quasi-RCT described in Chapter 3,drieih were assessed at T1 and T2 for ERP
changes using a Rapid Auditory Mismatch (RAMM) plgan (Stefanidou, Ceponiene &
McCleery, in review). Outcome data were analysed dooup differences at T2 while
individual participant’s ERP data were analysedcdpsvely for changes through treatment.
Secondary group level analyses were also carrietbaletermine changes through RIT from
T1to T2.

Children in the Treatment group showed significadifferent ERP responses at T2 as
compared with the Wait-List Control group over ttentral and middle-parietal region for
human action processing. Individual participantlgses also showed similar results, with the
Treatment group showing greater responses to hactéon sounds as compared to the Wait-
List Control group. Furthermore, group analysiibénge through treatment was conducted
for a subset of children who generated data at Gdthand T2 and similar results were
obtained. Finally, correlation analyses showed ssoaation between ERP responses post-

treatment and increase in object imitation. Takagether, these results suggest a probable

213



impact of RIT on the central areas of brain. ERBpomses over the central and middle
parietal region have been linked to processingénsensorimotor cortex (Muthukumarswamy
et al.,, 2004; Oberman et al., 2005; Oberman et2@D;; Pineda, 2005). The sensorimotor
cortex has been implicated in imitation skills asllvas during mentalizing (Pineda, 2005;
Frith & Frith, 2010). Therefore, changes in neussponses over the central and mid-parietal
regions are promising.

Thus, there is possible evidence of RIT influenciregiral responses to action sound
processing suggesting that the behavioural resbitsined in Chapter 3 of social imitation

gains were also reflected in neural changes ivigctissociated with action processing.

6.3.4 Verbal ability may modulate Social and Non-Social Pcessing in Autism
Spectrum Disorder and Typically Developing Children

Two studies were described in Chapter 5. The évstluated processing differences for
social and non-social stimuli between children vathism and typically developing children.
As discussed in Chapter 1 and Chapter 5, sociakegsing difficulties at a neural level have
been reported in children with autism, but to dadestudy has evaluated neural processing
differences using a naturalistic audio-visual pagadin young children with autism. Thus,
the study aimed to examine differences in socidulfs saying nursery rhymes) and non-
social (objects moving around the screen creatssp@ated sounds) processing in children
with autism using EEG oscillation bands as measofr@gural activity. Theta (3-6Hz), lower
alpha (7-9Hz) and upper alpha (10-13Hz) bands vekmetified as EEG frequency bands of
interest due to their demonstrated relationship wdcial attention processing (see Chapter 5
section 5.1). A subset of ASD and typically devélgpchildren was matched on verbal

mental age and additional analyses were conductedaiuate processing differences.

214



A complex interaction was found suggesting grouffetBnces for condition and
frequency band in children with autism and chrogaally age-matched controls. However,
post-hoc analyses showed no clear statistical teesabarding consistent or interpretable
group differences. Further, when the same analyses conducted in the verbal age-matched
sample, this interaction was not significant. Itsw@ncluded that verbal ability might be a
factor determining processing differences in soaiatl non-social stimuli. Therefore, the
findings suggest the importance of including largguage-matched samples when comparing

neural mechanisms in autism as many social prosesag be modulated by language.

6.3.5 EEG Theta Frequency associated with Social Processi

Study 1 in Chapter 5 also aimed to evaluate arfgreifices in modulation of frequency
bands based on social and non-social processing.fifidings revealed that in both the
chronological age-matched and verbal age-matchedplsa significantly greater right
hemispheric theta power spectral density was obsérvthe social condition as compared to
the non-social condition, and theta band frequeweg the only frequency significantly
related to social functioning. These results wayasestent with previous findings of right
lateralisation of EEG theta band and greater thatad activity during processing of social
stimuli (Jones et al., 2015; Orekhova et al., 2006erefore, EEG theta band frequency may

be an important marker for social processing imyedridhood.

6.3.6 Reciprocal Imitation Training may not impact neural social processing
The second study described in Chapter 5 built @ pifot quasi-RCT described in
Chapter 3, by evaluating the impact of RIT on nglabal neural processing indices of social

and non-social stimuli. Using the same naturalipécadigm as in Study 1 in Chapter 5,
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children in the Treatment and Wait-List Control gpowere assessed for EEG theta, lower
alpha and upper alpha activity while watching sloaiad non-social videos. Outcome data
were analysed at a group level at T2 while datairidividual participants were analysed

descriptively for changes through intervention fréfnto T2.

Both at the group and individual level, childrentie Treatment and Wait-List Control
groups were found to show no differences in prangsef social and non-social stimuli.
Secondary analyses of group data to determine ehidangugh treatment revealed differences
in social and non-social processing in the Treatngeoup at T1. It was therefore difficult to
draw any conclusions about the effect of RIT frombsequent analyses that showed
differences at T2. It is possible that RIT did rwve more general effects on social
processing. However, due to differences betweenpgrat T1 and small sample sizes results

were difficult to interpret.

Thus in relation to the rationale described in Gbaf, the studies in this thesis were
able to generate more support for RIT as an inteiwe for influencing social imitation skills

as well as producing initial evidence of impacRdT on neural correlates of imitation.

6.4 LIMITATIONS

6.4.1 Limitations due to Sample Size

A limitation in all studies described in the thegias the small sample sizes. Due to
limited resources and time, final sample in theotpdjuasi-RCT described in Chapter 3
included 24 children with autism. Power analysislevetting up the study revealed that a

minimum number of 24 children were needed in thelstfor it to be sufficiently powered
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(Appendix J). However, the group obtained was lyigheéterogeneous. This limited the

interpretation of behavioural results. Having larg@mples in a randomised trial are known to
be advantageous as they reduce heterogeneity arebthconfounding factors that cannot be
controlled otherwise. It is, therefore, importaot future studies to consider recruiting larger
samples to help validate the results of studiesrdesd in this thesis.

Studies using ERP and EEG methodology lacked poasithe number of children
giving viable EEG/ERP data was even smaller. Thesiy impacted interpretation of results
as individual participant data was highly variabled consistent patterns were not observed
during individual analyses. Thus, all results régdrcurrently provide only an indication of
possible impact of RIT. Further, in Chapter 5, poweay have impacted study findings
greatly. A null effect was obtained on both studealuating differences between typically
developing children and children with autism, anffecences between the treatment and
wait-list control group. It is highly likely thathese could be because of the small sample
rather than a true reflection of the impact of RITof similar EEG activity in autism and
typical development. Thus, the small number reecuinade it difficult to draw conclusions

from the studies described in this thesis.

6.4.2 Limitations in Delivery Model

RIT is a manualised intervention for young childneith autism, with well-defined
aims, fidelity protocols for therapists, as welldsivery instructions and training (Ingersoll,
2008b, 2010b, Ingersoll & Lalonde, 2010). Howeweere is no defined number of hours
recommended for intervention to produce demongdrafiects. Previous studies of RIT have
delivered 30 hours of intervention per child (Irggl, 2010b, 2012), whereas the present

study delivered 20 hours of intervention per chiietveral practical reasons prevented the
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author from providing the same number of hours asvipus studies. Challenges to
recruitment were experienced, as early diagnosisic@mmon in the community where the
study was based. Also, due to lack of comprehersaveices in the West Midlands area of
the UK, gaining access to the autism community veasnajor challenge. Although
Birmingham is a base for autism NGOs, such as Auiidest Midlands, most cater to older
children, adolescents and adults. Therefore, it w@ly through word-of-mouth that most
families were recruited. When the RCT was desigmedirs of intervention delivery were
kept consistent with previous studies, 30 hoursweéi@r, once recruited the initial few
families struggled coming to the laboratory andinfal feedback from parents highlighted
that the commitment required for number of hours week from families was too high.
Furthermore, three families dropped out duringkatassessments, stating difficulties in time
commitment, and two families dropped out of thalgtdue to the distance required to travel.
Taken together, barriers in recruitment and feekldemm parents compelled the author to
reduce the number of intervention hours to two\geek. Also, during the delivery of RIT
parental involvement could not be monitored sucit some parents wanted to watch the
therapy delivery while some did not. This could édad possible confounding effects with
some parents motivated to implement components Iof & home while others did not.
Therefore, the number of hours of RIT and behagaeinforced as part of RIT may have
differed for different children based on parent iettion.

Thus, external factors, beyond the control of redesr, could have influenced results.
Previous research has shown that there is a din&dbetween number of hours and outcome
(Granpeesheh et al., 2009). Also, a report by MatidResearch Council, USA (2001)
recommended a minimum of 25 hours of interventibational Research Council, 2001).

Therefore, the results around elicited imitatiorl areural social and non-social processing
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may not be a comparable reflection of the impacR6f due to the fewer intervention
delivery hours in the present study. Converselyhhis knowledge it can be recommended
that lower number of intervention hours may nofdsesible for having broad-range effects on
imitation skills and other early social skills thigh RIT and a minimum of 30 hours should
be the recommended practice in RIT delivery untitfer evaluations have been completed.
At the same time, even with 20 hours of intervantahildren in the RIT group were
able to demonstrate an increase in spontaneous] sodation, especially object imitation,
suggesting that RIT is a powerful early interventiprogram for producing changes in
spontaneous, social imitation functioning. Fewearsoof intervention were able to produce
changes generalisable to different people (blirskssor) and settings (different therapy and
assessment room) suggesting that interactions vimgpl social reciprocity, modelling,
prompting and praise (during RIT sessions) can leggnificant impact on imitation in a

social context and help increase spontaneity iraksetting.

6.4.3 Limitations of Measures Used

The studies described in this thesis utilized wegibehavioural and neurophysiological
measures to study change through intervention. Baeasure had its strengths and
limitations.

In Chapter 3, two behavioural change measures weszribed. The Structured
Imitation Assessment (SIA) was an adaptation oftamdardised imitation measure, the
Preschool Imitation and Praxis Scale (PIPS; Vangleeh et al., 2011b). As the PIPS is
currently in Dutch and has only been standardised Dutch sample for typically developing
children and ASD children, an adaptation was usditiough the measure evaluated various

kinds of imitation skills, such as single bodilytians, goal-directed procedural actions,
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sequential imitation and non-goal directed procadactions, it was found to be imbalanced
in the progression of complexity across items. &@mple, only three items were included in
the sequential bodily imitation subscale and sthnéth five-step imitation sequences
(Appendix E). The complexity of tasks included lve tscale may have influenced behavioural
results on the scale. Also, the PIPS and subsdguéetadapted SIA, was biased towards a
greater number of items evaluating gestural ingtaskills (See Appendix E) and therefore
not a balanced measure while evaluating imitatlalissholistically for children with autism
where clear deficits were evident. Thus, even thahg children may have gained in elicited
imitation skills, owing to the complexity of the amure used gains may not have been
reflected in the results. Using a concurrent egtitmitation measure with wider range of
tasks may have been more appropriate for the duseenple.

In Chapter 4 and 5, EEG/ERP measures were usedtoire brain activity differences
in children with autism. Although EEG/ERPs haveyvgood temporal resolution, they do not
have good spatial resolution (Luck, 2014). EEG/ERfssure brain activity over the scalp
making it difficult to draw conclusions regardirfgetarea of the brain that might be producing
the EEG activity. Inferences about the resultsiabthin the present studies were drawn from
previous research, which used source localisatroogalures or fMRI techniques. From the
studies reported in the thesis it is difficult t@@ firm conclusions regarding specific areas of
the brain. Use of source localisation techniqueduinre studies would help identify the
underlying brain areas and draw precise conclusiegarding which areas of the social brain
network RIT may be influencing.

Finally, the social and non-social processing pgradused in Chapter 5 was found to
be a coarse measure of social processing. Issubsnovelty of non-social videos and

differences in visuo-physical features of the twmlees may have influenced results.
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Conversely, it has been highlighted previously thdtile evaluating social processing,
differences in EEG activity may be observed durimgguralistic interactions versus still
photographs. Therefore, videos of adults readingery rhymes were found to reflect the
natural interaction a young child may have and wesed to ascertain brain activity
differences. Thus, broadly the measure did cagoceal and non-social qualities that were of
interest and at a general level was an acceptabdigm to appraise social and non-social
processing. Furthermore, experimental manipulatmi participants ensured that all
participants were carefully matched on various domand all viewed the same stimuli

adding to the reliability of results obtained fronms paradigm.

6.4.4 Limitations due to Bias

Administration and scoring of behavioural assesssmeras highly well controlled. A
blind assessor administered all behavioural changasures (UIA and SIA) at both T1 and
T2. Blind scorers, blinded to group allocation, recball behavioural measures. Thus, the
double blinding procedure used ensured minimum masdministration and scoring of
behavioural assessments.

RIT was delivered by the author and other traimenlapists. Biases associated with the
involvement of the author during therapy delivepuid not be controlled. The author was
aware of group allocation of each child, even thoather therapists were kept blind to this.
The author’s unintentional motivation to improveitation skills in the children receiving
RIT may have influenced results. The ERP and EE& was cleaned by the author and other
trained research assistants, blinded to treatmédation. Due to the process of cleaning
EEG/ERP data, biases in processing are highly elylikHowever, the involvement of the

author in analysis may have impacted some results.
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6.4.5 Limitations to Generalisability

There is substantial variability observed in ASDsvhich heterogeneity is observed in
symptoms and in other factors such as intelligegeagtics and gender. In order to constrain
heterogeneity various exclusion criteria were erygibbut children were not excluded based
on intellectual ability or gender (Chapter 2 satt®2.1). Although no criteria for intellectual
ability were set, most children (22 out of 24) wdoeind to have verbal and non-verbal
mental age below 29 months while having a chroriobdgge of 29 months and above (22
out of 24 children). Thus, most of the sample wudslliectually disabled and this may restrict
generalisation of results at both behavioural aedral level. Furthermore, children with
autism were observed to show a wide range of ausigmptomatology and seven females
with autism were also recruited in the present sampach of these factors may have
influenced the results. However, due to small sengites of the groups recruited for the
studies sophisticated analyses for any differeme® not possible. Thus, it remains unclear
whether results on gesture imitation, elicited andn and social processing differences were

influenced by any of the factors discussed above.

6.4.6 Lack of Follow-up

In order for an intervention to be accepted asand-based, long-term follow-up has
been recognised as an important component in aodevaluate the long-term value of the
intervention (Sullivan et al., 2014; Wallace & Roge2010). Due to lack of resources and
time constraints, none of the studies describethéanthesis included follow-up measures.
Thus, it is difficult to conclude from the preseesults whether the skills acquired by children
in the RIT group will be maintained long-term. Adtlgh brain activity changes were

observed post intervention, it is possible for fel short-term interventions to not have
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lasting results and therefore addition of follow-opeasures in future studies would be

important.

6.5 STRENGTHS OF THE RESEARCH

6.5.1 Use of Randomised Controlled Trial Design

There are many strengths associated with the desigmmethods used in this thesis. As
discussed in Chapter 2 although there are significdifficulties with implementing
randomised controlled trials (RCT), the experimkerdasign produces the most robust
findings. In the present thesis, procedures oftiBdd randomisation resulted in highly
comparable groups at many different levels. Asgrmips were randomised, the impact of
confounding factors such as intellectual abilitgnder and autism severity was minimised for
some studies. Including blinding procedures atotarilevels of administration and scoring of

behavioural measures ensured that results obtaiassireliable.

6.5.2 Use of Neurophysiological Tools to study Interventin-related Changes

The use of neurological tools to evaluate inteneerst is still fairly new in the field of
autism, although there is growing recognition ttieg is an important dimension that can be
added to intervention studies (Dawson, 2008; Sadliet al., 2014; Zwaigenbaum et al.,
2015). The studies described in this thesis araesof the first in the field to utilise
neurological tools to study intervention effects lorain activity in children with autism.
Chapter 4 included an auditory perceptual procgsgaradigm and this is the first study in

the field evaluating the effect of a social behawbased early intervention program on
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auditory perceptual action processing in childreétim\autism. The study described in Chapter
5 is the first in the field to employ a naturalistsocial paradigm to understand EEG
oscillation differences in children with autism.

There is growing support for EEG being an effectiveethodology to evaluate
biomarkers for ASD (Goldani et al., 2014; Ahmad&Adeli, 2014). A reliable biomarker
would not only help diagnose and potentially expldie disorder but also predict response to
treatment (Ruggeri, Sarkans, Schumann, & Persied4)2 Thus, the use of EEG/ERPs in
intervention studies is crucial in order to undemst if proposed neurological deficits in
autism are impacted by behavioural interventiorciicas, giving reliable markers of deficits
observed in ASD. The present study was able to shitial evidence that ERP responses to
action processing, an area found to be impaireduitsm, can be modulated by a social-
communication intervention. These results alsosagzport to the social motivation theory of
autism, which suggests that early deficits in dogiativation may impact imitation skills
(Van Etten & Carver, 2015; Vivanti & Hamilton, 2014The present results provide initial
evidence that by increasing social reciprocity amativation through RIT, a positive impact

may be observed at a behavioural and neural level.

6.5.3 Delivery of the Intervention and the Application of Neurological Tools to a
sample with co-morbid Intellectual Disability
As mentioned in Section 6.4.3 the present sampkided children with autism and
intellectual delays and disability. Many intervemti studies, and studies evaluating neural
mechanisms, exclude children with autism with ietgbal disability in order to reduce
heterogeneity in the sample. However, one limitatdd the exclusion is that 31% - 75%

individuals with autism are diagnosed with co-mdrhintellectual disability (Centre for
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Disease Control and Prevention, 2014; Charman, sJoRekles, Simonoff, et al., 2010;
Fombonne, 2005). Therefore, understanding of teadih of autism impairments as well as
intervention success is limited. The studies dbsdriin this thesis produce promising results
for children with autism and intellectual disalyiléuggesting that RIT can have a significant
impact in this population. The study in ChaptereBndnstrated that RIT can have an impact
at a behavioural level in this sample. The studieShapter 4 and 5 were able to demonstrate
the successful use of EEG/ERP methodologies in shisaple to evaluate brain activity
differences. Thus, overall the empirical work destoated that RIT may be effective in

improving social imitation skills in a broad samplechildren with autism.

6.6 IMPLICATIONS AND FUTURE DIRECTIONS

6.6.1 Child Characteristics

Child characteristics was recognised to be an itaporfactor influencing outcome of
treatment. Previous intervention studies have als®rved that not all children in the sample
benefit from intervention (Howlin et al., 2009; \Anti et al., 2014). In the studies described
in this thesis, participant profiles were definedefully and when group-level analyses were
not possible, individual data were analysed desedly. However, sophisticated analyses of
participant characteristics was not possible du¢hto small sample size and assessments
conducted only at two time points, but correlatioanalyses were conducted in order to
identify possible associations that may account ¥Yariability in the effects of the
intervention. Significant correlations between smtisymptoms and intervention success were
observed suggesting that certain child characiesishay limit development of skill through

RIT, given the delivery model. Individual data wasalysed for reliable behavioural change,
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and trends were found in child profiles regardinpowmay benefit more from RIT.
Specifically it was found that children with lowlfsstimulatory behaviours may be showing
greater response to RIT compared with other. Addiily, EEG and ERP individual data
showed that there were some children in the sampte showed different/reversal patterns
over time compared to the group at large. Havingnkadge of such patterns, future research
must focus on more in-depth analyses of respondeds non-responders, and questions
regarding the impact of social communication inéeions on non-social symptoms of
autism such as repetitive behaviours, would be mapo to address in the light of present

results.

6.6.2 Active Ingredients

Many interventions use similar techniques to teachparticular skill leading to
considerable overlap in what the intervention lobks. Active ingredients or key teaching
techniques are the procedures that facilitate tegabr the new behaviour/learning (Warren,
Fey, & Yoder, 2007). Although manualised, with e&ely technique clearly defined in RIT,
there are many components that RIT shares withr atkervention approaches. For example,
RIT shares the similar component of ‘creating jaiotitines’ with other NDBIs (such as
ESDM, PRT and JASPER) and developmental intervesti¢iowever, the technique of
contingent imitation throughout the sessions isquaito RIT. Therefore, understanding
components of an intervention that may be uniquehéintervention and those that might
overlap may provide clues for differential succelserved in early intervention practices and
help in refinement of models to better target skalhd functioning in children.

Additionally, Warren, Fey and Yoder (2007) arguattithe time the therapists are

spending focusing on the active ingredients maw Ineajor factor differentiating success of
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some interventions as compared with others asagedl reason for success of intervention in
some studies and not others (Warren, Fey & Yod@d,/2 This highlights the role of the
therapist in delivery of intervention. Therapissbd factors, such as previous training and
experience, knowledge in the field, interpersortaracteristics (e.g. timing sensitivity) and
personal characteristics (such as creativity), play an important role during delivery of the
intervention (Elliott, 2015). Future research tliere must focus on evaluating techniques as
well as therapist factors associated with the dejivof an intervention in order to improve

treatment effectiveness.

6.6.3 Moving towards Biomarkers for Autism Spectrum Disorders
A key aim of the empirical work was to evaluate nra¢dunctioning in children with

autism to explore neurological correlates of betiavichange. There is greater effort in the
field to move towards reliable biomarkers in orttescreen and diagnose autism early in life.
The present screening and diagnostic procedurgs arl parental report solely and
behavioural observations made by the clinician (@ata, 2014). Furthermore, even though
sensitivity in screening and diagnosing children yasing as two years may be high,
specificity of symptoms observed for autism hasnbpeor (Camarata, 2014). Therefore,
biological signatures of autism early in life coytdove important, as reliable and valid
instruments that inform diagnosis (Dawson, 2008)e $tudies described in Chapter 4 and 5
used EEG and ERP techniques and social paradigonsdierstand differences in autism and
the impact of intervention. EEG theta and alphallatons and time-course analyses using
ERPs suggested differential processing betweenpgroOverall, these findings add to the
growing body of support for EEG generating reliatlarkers differentiating processing styles

and intervention changes. Furthermore, low costse @f application to various populations,
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portability and non-invasive nature, all make itcampelling tool for use in diagnostic
protocols.

However, there are many gaps in the EEG literatna&ing it difficult for use as a
diagnostic measure. In order to be clinically ukefu biomarker must be consistently
observed in the population showing pathology amalkhbe able to reliably distinguish the
population from typical controls. Further, develagtally the biomarker must be observable
throughout development. At present, understandirfg bmmarkers for pathological
populations is compromised because of lack of bldiadlevelopmental models in typical
population. EEG studies do not yet have stableldpugental models of changes in EEG and
ERP activity across age groups. There is conflictevidence regarding EEG oscillation
rhythms for which theta and alpha bands are yebeaodefined reliably at younger ages
(Stroganova & Orekhova, 2007). Thus, future studie€EG techniques could focus on
creating developmental models of EEG activity tétdreunderstand developmental changes
in EEG oscillations. Also, currently there is liedt knowledge about how different types of
EEG measurements (ERP, quantitative EEG etc.) ibotgr to understanding of similar
cortical areas and phenomena. Thus, future studied to focus on potential contributions of
different EEG methods evaluating the same behavasuwell as understand activation of
similar brain areas in order to have reliable meaélbrain activity across neurophysiological

tools.

6.6.4 Use of Different Study Designs, Larger Samples arf@ther Measures
Limitations in the studies described in the theéscduded small samples and lack of a
range of measures. The use of a large sample, vémshbres truly random assignment of

participants, and the use of other measures otiatah are highly recommended for future
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studies. Having larger samples will aid in bettgeipretation of results, and is therefore the
most important next step for RIT studies. Dysprax#s not assessed in the current study, and
praxis issues are associated with imitation diffies and ASD population (MacNeil &
Mostofsky, 2012; Bodison, 2015). Including measuoésdyspraxia will be important in
studying effect of imitation interventions to unstand pathways that the intervention may be
impacting, that is, motor or social. Including adder range of imitation measures has also
been discussed previously. EEG measures that dréask-based would be beneficial to
include in future studies. They are easy to coltiata on, and have a higher likelihood of
translation to practice rather than task-based adegical methods. The use of creative
designs (such as Sequential Multiple AssignmendBamsed Trial, SMART) would be more
constructive in answering fine-grained questionshsas responders versus non-responders,
effect of RIT alone versus effect of RIT and anotfeezused intervention, etc. Sequential
designs also help in evaluating intervention teghes, and would be recommended for use in

future trials.

6.6.5 Reciprocal Imitation Training as a Potential Commurity Intervention

The studies reported in this thesis focused on &dlivered in a laboratory setting.
Using multiple baseline designs a few previousistitiave translated the delivery of RIT to
community setting involving siblings (Walton & Ingell, 2012) and parents (Ingersoll &
Gergans, 2007; Wainer & Ingersoll, 2013a; Wainemgersoll, 2015). However, like most
interventions for autism, systematic trials of effeeness are lacking. As results have been
consistently positive, suggesting RIT has a sigaiit impact on children with autism, future
studies should focus on effectiveness trials examitranslation of RIT into community

setting. Most often therapist training and delivetyles are more fluid in community settings
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(Kasari, 2002) and therefore translating RIT fomeoaunity clinicians may need additional
training in order to amalgamate RIT-specific tecfusis with other interventions. Thus,
translation into community settings would requiddidional refinement, and is a possible

next step in RIT research.

6.7 CONCLUDING REMARKS

A pilot quasi-Randomised Controlled Trial was coctéd to evaluate the effects of
Reciprocal Imitation Training (RIT) on behaviourdabrain activity of children with autism.
In this way evidence was generated for possibleaohpf RIT on social imitation skills. The
strength of the evidence generated comes from betmavioural and neurological data
suggesting a probable impact of RIT on social itrataskills at multiple levels. Although the
impact of RIT on broader social functioning rematugestionable, the studies were able to
demonstrate that RIT can have an impact on spoot@n&inctioning and possibly neural
mechanisms of imitation. Therefore, through the oka rigorous experimental design, a
replication trial examining neural correlates ofh&eoural changes was successfully
undertaken and has generated some evidence foafkREn early intervention for children

with autism.
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A.2: ETHICAL CONSIDERATIONS

A.2.1. Sources of Materials

Sample population for the current study included tw six year old children with autism
spectrum disorders. As the sample population iraslvery young children with autism,
informed consent was obtained from a primary caexgiSpecifically, parents/caregivers
were asked to sign a study consent form (Appendix)RBlescribing the details of the study
including travel compensation, along with a semakadeo consent form (Appendix B.3.) to
gain consent for recording all assessment andntesdt sessions, both approved by the
Internal Review Board at the University of Birmiragh. Only when consent forms were
signed by a primary caregiver, was the child ertbthnto the study database and assessed at
T1.

All consent forms, developmental histories, anddgtdata (behavioural, parent interview,
brain activity and treatment session videos) weyeed on password-protected computers or a
locked cabinet in the locked laboratory of the ®emeCentre for Neurodevelopmental
Disorders, based in the School of Psychology atUheversity of Birmingham. Only the
principal investigators and research assistantkingrdirectly on the project had access to
this data. All participants were given unique idigcdtion numbers which were used on all
collected data including video files and EEG/ERBRadAs the study involved a large number
of postgraduate and undergraduate students wovkithgchildren in different capacities, all
were asked to first submit approved Disclosure Bading Services (DBS) checks before
coming into contact with any research participandata. All were also required to review the
Society for Research in Child Development’s Ethisndards of Research with Children, as

well as study-specific ethical procedures outlimedhe initial study proposal. Participant
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histories and information were protected wherebiy dhe particular, limited information
necessary for the therapist or research assistaml&dge was disclosed.

No participant individual identification has beeilivbe used in the PhD or in any future
publications. Parents/caregivers of children whdigipated in the study will be provided

with copies of all official publications from thissearch.

A.2.2. Protection Against Risks

Potential risks to children were minimised by emsyirgood lab conditions, regular safety
checks, and by using child-friendly materials aachhiques. Parents/caregivers were made
aware that they could withdraw from the study at aime and this would have no adverse
repercussions for the family or child. At any pothtring test administration or treatment if
the experimenter saw extreme child distress thentggherapy session was discontinued.
Special care was taken when working with childrethwhallenging behaviours. During test
administration a parent/caregiver was always ptegetihe room and during intervention the
parent/caregiver was asked to watch the treatnemsians from a video recording room. All
therapists were trained in behavioural manageneafhiniques by the researcher in order to
minimise child distress in treatment sessions difectevely work with each child. Child
safety procedures were also discussed with evemapist as part of their training, and toys
used in the sessions were chosen based on agafahdstandards.

During EEG recordings, the utmost care was takendke the experience a pleasant one for
the child and the family. However, some childred dot like the sensor net placed on their
head or to have a stranger touch their head. Tiwere various priming and behavioural
desensitisation procedures that were set in ptabelp familiarise the child with both the net

and the experimenter, which were included in thaeewe and approval of the University
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ethics board. The EEG recordings were always s¢bedrost behavioural testing to ensure
that some rapport was established between the ahiddthe experimenters. In addition, the
researcher played with a variety of hats with thiddcancluding encouraging him/her to wear
the hat in a playroom prior to the EEG testing.s@sn as the child became comfortable with
the process, the EEG Sensor Net was introducedciml@friendly manner. Many sensory

and music toys were also used during net applicativan effort to distract the child from the

net application and keep them engaged and happgt Eny point the testing caused
significant distress to the child, testing was digtued. Some families were invited for up to
three EEG recording sessions in an effort to helplowly desensitise the child to the EEG

setting and net application.

A.2.3. Potential Benefits of the Proposed Research

The proposed study had potential for direct beseattall of the participating children with
autism, as every child in the research receiveatrirent. However, it was clarified at the
outset that they were agreeing to participatenesaarch study where the effects of treatment
were in question. Therefore, parents/caregiverewdormed clearly that the researcher or
the therapists could not guarantee child gainsnprovements, and that participation in the
study would produce data that had potential tormfand improve services for future ASD

population. Typically developing control particigamn the EEG study had no direct benefits.
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B.1: INFORMED CONSENT FORM FOR CHILDREN WITH AUTISM
PARTICIPATING IN THE PILOT RANDOMISED CONTROLLED TR IAL

EXAMINING EFFECTIVENESS OF RECIPROCAL IMITATION TRA  INING.

University of Birmingham Infant and Child Laborator y Research Study
“Effects of Imitation Training on Brain Activity in Children with Autism or
Suspected Autism”

Why is this research study being conducted? What is its purpose?

The purpose of this study is to determine whether or not gesture imitation training
has an effect on the brain activity of young children with autism as they process
videos and sounds made by people (e.g., hand clapping) versus videos and sounds
made by things (e.g., helicopter). We will also measure the children’s imitation skills
and other abilities.

Who is conducting this research study, and where is it being conducted?

Prof. Chris Oliver, ClinPsychol, PhD; Joseph McCleery, PhD; Supriya Malik, MSc;
and their colleagues, are conducting this study in the University of Birmingham Infant
and Child Laboratory.

How are individuals selected for this research stud y? How many will
participate?

You are being asked to participate because your child is between the ages of 2- and
6-years and has been diagnosed with Autistic Disorder, Asperger’'s Syndrome, or
Pervasive Developmental Disorder — Not Otherwise Specified (PDD — NOS), or is
currently being evaluated for one of these disorders or syndromes. There will be
approximately 30 participants in this study.

What do | have to do if | am in this research study  ?
If you agree to participate in this study, you will be asked to bring your child to our

laboratory approximately 2 times per week for approximately 14 weeks, and the
following will happen:

Pre-Training Assessment Visits (3 Visits, 1.5 Weeks):

Behavioral assessments (two 1.5-hour visits): We will administer behavioural
assessments of your child’s developmental and language abilities, his/her
communication and social skills, as well as his/her imitation skills. . These will include
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the Mullen Scales of Early Learning, which measures cognitive/motor developmental
level in five areas: gross motor, fine motor, visual reception, receptive language, and
expressive language. We will also administer the Autism Diagnostic Observation
Schedule (ADOS), which measures your child’s social and communication skills.
Finally, we will administer two brief assessments of your child’s imitation skills.
During your child’s behavioural assessments, you will be also asked to complete
simple, short questionnaires that include questions related to your child’s social and
communication skills.

Electrophysiological Assessments (one 1-hour visit): We will measure your
child’s brain activity using a sensor net that has electrodes sewn into it. The
electrodes measure the electricity that your child’s brain generates. The electrodes
will not hurt. We will place the net on your child’s head, and squirt a salt-water
solution onto sponges that touch your child’s head. The salt-water solution is not
toxic or dangerous. Your child will sit next to you or on your lap in a quiet, dimly lit
room while she or he watches a silent video while sounds made by people and
sounds made by things are played in the background. We will also show your child
short videos of people talking to him or her, and of things moving around and making
bouncing and other sounds.

Training Visits (20 Visits, 10 to 12 Weeks):

Imitation Training: You will be asked to bring your child to our laboratory for two to
three 1-hour visits per week and your child will be filmed interacting with an
experimenter for 20-minutes across three sessions (1 hour in total per visit). Your
child’s participation in the training will take between approximately 10 and 12 weeks.

Post-Training Assessment Visits (1 Visits):

Electrophysiological and Behavioural Assessments: After the training is
completed, you will be asked to bring your child to the laboratory for one 2-hour visit,
in order to complete the post-training EEG assessments (1 hour) as well as the brief
behavioural assessments of imitation skills. These are the same assessments
described above.

As part of this project, video recordings and/or photographs will be taken of your child
and/or you during your participation in the research. This is completely voluntary and
up to you. In any use of these images, your name will not be identified. You may
request to stop taping at any time and review any or all portions. All video recordings
are kept on password protected computers and / or in a locked cabinet in the lab, and
they are identified by the participants’ ID numbers. A separate consent form related
to the use of recorded images will be also given to you to sign. You may request to
have your child’s data and/or video recordings removed from the study at any time.

Are there any risks associated with participating i n this study?
There are no known risks associated with the brainwave recordings. However, your

child may not be interested in watching the video and listening to the sounds or they
may get tired or bored during the behavioural assessments. Your child also may not
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like to have people put things on her/his head. You are free to withdraw from the
study at any time, including if your child becomes upset or unhappy.

Your child may also become bored during one or more of the training sessions. The
training sessions also sometimes involve the experimenter gently physically
prompting your child to imitate her or his actions, which may result in mild frustration
in some children. The experiments are aware of this, and they will use positive
behaviour management procedures in an effort to reduce any frustration that your
child may experience. You are encouraged to communicate with the experimenters,
including Dr. McCleery, at any time during or after your participation about these
things. You are also free to withdraw from the study at any time, including if your
child becomes upset or unhappy.

What are the benefits of this research study?

There may not be any direct benefit to you or your child from participating in this
study. Although previous research suggests that the training procedures utilised in
this study is effective for teaching some children new imitation skills, you should
know that not all children learn new skills as a result of the training procedures.

You should also know that this is a research laboratory and that the researchers are
not clinical psychologists. Therefore, we will not be able to provide you with a
diagnosis in the case that your child does show signs or symptoms of autism or
another disorder based on the results of the assessments. Despite this limitation, at
your request, we will provide you with a brief report that includes your child’s scores
on the assessments and general guidelines for interpreting these scores. You are
free to share with clinicians and service providers in an effort to provide them with
information that may assist her or him in determining whether or not your child
warrants further assessments.

You should know that the EEG procedure is not the same as your child might receive
in a hospital, and that the experimenters are not trained to interpret EEGs in the way
clinical technicians are. Therefore, we will not have information about any
implications of the test for your child’s health.

If you are concerned about your child’s development, other services are available.
These include clinical and educational assessment and treatment services through
the National Health Service (NHS). Please remember that we are not a clinic; we are
a basic research facility.

Participation in this research is entirely voluntary. You may refuse to participate or
withdraw at any time. Also, if we perceive that your child is getting upset, the study
may be discontinued.

What will happen with the information obtained as p art of this research study?
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The records of this study will be kept private. Your child’s name and the other
personal details you provide will be stored. However, research data will only be
identified by participant number. Computer files will be stored on password-secured
computers in the School of Psychology at the University of Birmingham. Paper
copies as well as copies of videotaped assessment and training sessions will be
stored in locked filing cabinets in the Infant and Child Laboratory and/or in the office
of Dr. McCleery. Only researchers directly involved in this study will have access to
the information collected. In any sort of study we might publish, we will not include
any information that will make it possible to identify a participant. Research data
obtained from this study will be held indefinitely for use in potential follow up
publications as well as in other associated studies.

Will | receive any payments?

You will be paid £8.00 per visit for each of the visits for your child’s participation in
this study, to help with the costs of travelling to the laboratory. These £8.00 payments
will be provided to you each time you visit the laboratory. The researcher will
arrange for free parking in front of the laboratory during your visit. Your child will also
receive a small toy for his/her participation in the study.

Agreement to Participate

| have been satisfactorily informed of the above-described procedures with its
possible risks and benefits. | understand that participation in this study is voluntary.
If I refuse to participate or choose to drop out of the study at any time, | understand
there will be no penalty, and that this decision will not affect my relationship with the
University of Birmingham. | am signing this consent form before participating in any
research activities. | give permission for my/my child's participation in this study.

Date Name of Child
Name of Parent or Guardian Signature of Parent or Guardian
Name of Researcher/Witness Signature of Researcher/Witness
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B.2: INFORMED CONSENT FORM FOR TYPICALLY DEVELOPING CHILDREN

PARTICIPATING IN STUDY 1 DESCRIBED IN CHAPTER 5.

University of Birmingham Infant and Child Laborator y Research Study
“Children’s Brain Processing of Sounds” — Consent f or Control Child

Why is this research study being conducted? What is its purpose?

The purpose of this study is to help us understand how normal children process
sounds made by people (e.g., hand clapping) and sounds made by things (e.g.,
helicopter). Your child will be a control participant for children diagnosed with autism
and other developmental disorders.

Who is conducting this research study, and where is it being conducted?

Prof. Chris Oliver, PhD, CPsychol.,Joseph McCleery, PhD, Supriya Malik, MSc, and
their colleagues, are conducting this study in the University of Birmingham Infant and
Child Laboratory.

How are individuals selected for this research stud y? How many will
participate?

You are being asked for your child to participate in this study because she or he is
developing normally and is between 2-months and 6-years old. There will be
approximately 100 participants in this study.

What do | have to do if | am in this research study  ?

If you agree to participate in this study, you will be asked to bring your child to our
laboratory for 2 visits over the course of a five week period and the following will
happen:

Electrophysiological assessment (one 1-hour visit): We will measure your child’s
brain activity using a sensor net that has electrodes sewn into it. The electrodes
measure the electricity that your child’s brain generates. The electrodes will not hurt.
We will place the net on your child’s head, and squirt a salt-water solution onto
sponges that touch your child’s head. The salt-water solution is not toxic or
dangerous. Your child will sit next to you or on your lap in a quiet, dimly lit room
while she or he watches a silent video while sounds made by people and sounds
made by things are played in the background.

Behavioural assessments (one 1-hour visit): We will administer behavioural
assessments of your child’s developmental and language abilities. These will be
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videotaped, so that the experimenter can re-examine the child’s responses, and they
will include tasks, such as naming objects in pictures, using coloured blocks to create
patterns and answering simple questions. During your child’s behavioural
assessment, you will be also asked to complete a simple, short questionnaire, which
will be related to your child’s social and communication skills.

As part of this project, a video recording and/or photograph will be taken of your child
and/or you during your participation in this research project. This is completely
voluntary and up to you. In any use of these images, your name will not be identified.
You may request to stop taping at any time and review any or all portions. All video
recordings are kept on password protected computers and / or in a locked cabinet in
the lab, and they are identified by the participants’ ID numbers. A separate consent
form related to the use of recorded images will be also given to you to sign.

Are there any risks associated with participating i n this study?

There are no known risks associated with the brainwave recordings. However, your
child may not be interested in watching the video and listening to the sounds or they
may get tired or bored during the behavioural assessments. Your child also may not
like to have people put things on her/his head. You are free to withdraw from the
study at any time, including if your child becomes upset or unhappy.

What are the benefits of this research study?

There will not be any benefit to your child from participating in this study. You should
know that the EEG procedure is not the same as your child might receive in a
hospital, and that the experimenters are not trained to interpret EEGs in the way
clinical technicians are. Therefore, we will not have information about any
implications of the test for your child’s health. The investigators, however, will learn
more about how children process sounds made by people and sounds made by
objects.

What will happen with the information obtained as p art of this research study?

The records of this study will be kept private. Your child’s name and the other
personal details you provide will be stored. However, research data will only be
identified by participant number. Computer files will be stored on password-secured
computers in the School of Psychology at the University of Birmingham. Paper
copies will be stored in locked filing cabinets in the Infant and Child Laboratory and/or
in the office of Dr. McCleery. Only researchers directly involved in this study will
have access to the information collected. In any sort of study we might publish, we
will not include any information that will make it possible to identify a participant.
Research data obtained from this study will be held indefinitely for use in potential
follow up publications as well as in other associated studies.
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Will | receive any payments?

You will be paid £10.00for your child’s participation in this study, to help with the
costs of traveling to the laboratory. Your child will also receive a small toy for his/her
participation in the study. The researcher will arrange for free parking in front of the
laboratory during your visit.

Agreement to Participate

| have been satisfactorily informed of the above-described procedures with its
possible risks and benefits. | understand that participation in this study is voluntary.
If | refuse to participate or choose to drop out of the study at any time, | understand
there will be no penalty, and that this decision will not affect my relationship with the
University of Birmingham. | am signing this consent form before participating in any
research activities. | give permission for my/my child's participation in this study.

Date Name of Child
Name of Parent or Guardian Signature of Parent or Guardian
Name of Researcher/Witness Signature of Researcher/Witness
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B.3: VIDEO CONSENT FORM

University of Birmingham, School of Psychology

Image and Video Release Consent Form

As part of this project, a video recording and/or photograph will be taken of your child
and/or you during your participation in this research project. Please indicate below
the uses of these recorded images to which you are willing to consent. This is
completely voluntary and up to you. In any use of these images, your name will not
be identified. You may request to stop taping at any time and review any or all
portions. All video recordings are kept on password protected computers and / or in a
locked cabinet in the lab, and they are identified by the participants’ ID numbers.

1. The research team may record images to be used in the study.

Initials
2. The images may be posted on the researcher’s website.

Initials
3. The images may be shown to participants in other experiments.

Initials
4. The images may be used for scientific publications.

Initials
5. The images may be shown at scientific meetings or conferences.

Initials
6. The images may be shown in classrooms to students.

Initials

7. The images may be shown in public presentations to non-scientific groups.

Initials

8. The images/recordings may be used on television and radio.

Initials

9. The images/recordings may be shown to experienced professionals from other
academic / research institutes for training purposes, which may include the mailing of
images/recordings through the postal service.

Initials
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You have the right to request that taping be stopped or erased at any time.

You have read the above description and give your consent for the use of recorded images
as indicated above.

Signature Date Witness Date

245



APPENDIX C

QUESTIONNAIRES FOR PARENTS
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C1l: QUESTIONNAIRE FOR PARENTS OF CHILDREN WITH AUT ISM.

Questionnaire for parents I.D. (for oficise)

Thank you very much for agreeing to take part im study in the Infant and Child
Laboratory. We would appreciate if you could cortglthe following questions carefully.
Your answers are strictly confidential, so pleaséhbnest in responding.

1. Please indicate your child’s day, month and year dbirth?

2. Please indicate the gender of your child:

male [J female O

3. Did you experience any birth complications?

4. Please indicate your child’s formal diagnosis:
Autistic Disorder [J Asperger’s Disorder [J
Pervasive Developmental Disorder - Not Otherwise Specified [1

If other, please indicate:

5. Has your child experienced any other neurological problems (e.g.
epilepsy)?

Yes O No O

If yes, please indicate:

6. Has your child experienced any medical problems?

7. Has your child experienced any primary sensory impairments (e.g. hearing

problems)
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. Is your child taking any medication? (please tick)
Yes I No [

If yes, please indicate:

. Is your child bilingual? (please tick) Yes [J No [
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C2: QUESTIONNAIRE FOR PARENTS OF TYPICALLY DEVELOPI NG

CHILDREN.

Questionnaire for parents [.D. (for officea)s

Thank you very much for agreeing to take part in our study in the Infant and Child
Laboratory. We would appreciate if you could complete the following questions
carefully. Your answers are strictly confidential, so please be completely honest in

responding.

1. Please indicate your child’s day, month and year dbirth?

2. Please indicate the gender of your child:
male [ female [J

3. Did you experience any birth complications?

4. Has your child experienced any medical problems?

5. Has your child experienced any developmental delays? (physical or

neurological)

6. Has your child experienced any primary sensory impairments (e.g. hearing

problems)

7. Isthere any history of developmental (e.g.Autism), neurological (e.g.
epilepsy) or severe psychiatric (e.g. schizophrenia) disorders in your
family?

Yes O No O
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If yes, please indicate:

8. Isyour child taking any medication? (please tick)
Yes [ No [

If yes, please indicate:

9. Isyour child bilingual? (please tick)  Yes [l No [
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C3: BIOLOGICAL HISTORY QUESTIONNAIRE FOR PARTICIPAN T.

Enrolled Participant’'s History

Name of Participant Enrolled in Study:

Child’s DOB:

Today’s Date:

1. What language(s) is/are spoken in this child’s hi®dme

If exposed to language(s)other than English, howynieurs per week?

2. How would you describe this sibling’s ethnicity?

White/Caucasian Black/Black British Asian/Asiant&h Chinese

Mixed

Other

(please specify)

3. Does your baby have a diagnosed disorder of argfkin

If so, what is the diagnosis?

When was the diagnosis given?

Who provided the diagnosis?

4. In the chart below, please list all the organisagcdre/playgroups/schools that your
child has been involved in, including location atedes of enrolment:

Daycare/Group/School

Location

Month/Year Begun

Month/Year Ended
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5. Please indicate which, if any, of the following yaild has experienced or been
diagnosed with. Circle either yes, no, or | ddmow (D/K):

Birth Trauma YES NO D/K
Birth Asphyxia YES NO D/K
PKU YES NO D/K
Congenital Rubella YES NO D/K
Neurofibromatosis (NF1 or 2) YES NO D/K
Tuberous Sclerosis YES NO D/K
Fragile X Syndrome YES NO D/K
Other Chromosomal Abnormality YES NO D/K
What?
Metabolic Disorder YES NO D/K
What?
Progressive Neurological Disorder YES NO D/K
What?
Visual Developmental Delay, e.g. blindness YES NO D/K
What?

Auditory Developmental Delay, e.g. deafness YES NO D/K

What?

Motor Developmental Delay YES NO D/K

What?

252



6. Has your child received childhood vaccinations?  YES NO

6a. If yes, did these vaccinations include the Miéiecine? YES NO

7. Did your child have any abnormal reaction to a vaetton? YES NO

7a. If yes, please describe this reaction and aggical attention received:

8. Does your child have a history of gastrointestprablems? YES
NO

8a. If yes, please describe problems, and WHEN blegyan:

9. Did you breastfeed this child at all? YES NO

If YES:

9a. For how long did you only breastfeed? (no fdanu

9b. At any point, did you supplement breastmilkhaiiirmula? YES
NO

If yes, how often and how much?

If yes, what brand of formula was used?

9c. At what age, if ever, did you fully shift frobmeastfeeding to using formula? (in
months)

If NO:
9d. What brand of formula did you use?

10.Do you have any current concerns about your chddiglopment (including colds,
ear infections, or common health concerns)? Iptegase describe in detail below.

Thank you for your support and participation!
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C4: BIOLOGICAL HISTORY QUESTIONNAIRE FOR PARTICIPAN T'S MOTHER.

Biological History Questionnaires

Biological Parent’s History
Please circle one answer for each item

BIOLOGICAL MOTHER

Your Name:
Your DOB: Today’s date:
Baby enrolled in this study: BabyGH

1. Please indicate the highest level of educationhae completed:
GCSE's A-Levels Bachelor’s Master's Doctorate
Other

2. Inthe chart below, please list all past and curoegupations, starting/ending dates,
and locations:

Occupation title | Location (City) Month/Year Begun | Month/Year Ended

3. What is your primary (first) language?

What language(s) is/are spoken in your home?

4. How would you describe your ethnicity?
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White/Caucasian Black/Black British Asian/Asiant®&f Chinese
Mixed

Other (please specify)

5. How would you rate your school achievement as ll ¢through year 9)?

a. Arithmetic: Impaired  Below Average Average  Above Average
Superior

b. Writing/composition: Impaired  Below Average Average
Above Average  Superior

c. Reading: Impaired  Below Average  AverageAbove Average
Superior

6. Were you ever in a remedial class or did you egeeive special help with academic
problems in the following subjects?

a. Arithmetic: Yes No

b. Writing: Yes No
c. Reading: Yes No
7. Were you kept back a year in school? Yes No

If yes, which year?

8. Did you ever fail a class or subject? Yes No

If yes, was it because of poor performance inclgiall that apply)

Reading In what grades?
Writing In what grades?
Arithmetic In what grades?

Other (specify)
In what grades?

9. How would you rate your language development whmnwere a child?

Impaired  Below Average  Average Abdéwerage  Superior
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10.Did you receive speech and/or language therapy?s Y&lo

If yes, what speech and/or language problems weaged?

For how long?

11.Did your mother have a speech, language, or regutiglem? Yes No
Don’t know

If yes, what was the nature of the problem?

12.Did your father have a speech, language, or regutivigiem? Yes No
Don’t know

If yes, what was the nature of the problem?

13.How many sisters do you have?

14.How many sisters have had difficulty with languageding, or spelling?

15.How many brothers do you have?

16.How many brothers have had difficulty with languageading or spelling?

17.To your knowledge, do any family members on yodediave diagnoses of autism,
language disorders, or other developmental delays?

18.To your knowledge, do any family members on yodediave diagnoses of anxiety,
depression, schizophrenia, or another psychiaisarder?
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If yes, please list the problem and the relatiomsifiieach person to YOU. Please exclude
family members with whom you are only related tlylounarriage. For relatives that can be
on either the maternal or paternal side (e.g. am)aplease specify. (If you listed any above,
you need not repeat them here.)

Problem:

Relationship:

Problem:

Relationship:

Problem:

Relationship:
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C5: BIOLOGICAL HISTORY QUESTIONNAIRE FOR PARTICIPAN T'S FATHER.
Biological Parent’s History
Please circle one answer for each item

BIOLOGICAL FATHER:
Your Name:

Your DOB: Today’s date:

Baby enrolled in this study:
Baby’'s DOB:

19.Please indicate the highest level of educationhae completed:
GCSE's A-Levels Bachelor’s Master's Doctorate
Other

20.1In the chart below, please list all past and curoecupations, starting/ending dates,
and locations:

Occupation title | Location (City) Month/Year Begun Month/Year Ended

21.What is your primary (first) language?

What language(s) is/are spoken in your home?

22.How would you describe your ethnicity?
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White/Caucasian Black/Black British Asian/Asiant&h Chinese
Mixed

Other (please specify)

23.How would you rate your school achievement as ll ¢through year 9)?
a. Arithmetic: Impaired Below Avgea  Average
Above Average Superior
b. Writing/composition: Impaired  Below Aage  Average
Above Average  Superior
c. Reading: Impaired Below AverageAverage

Above Average  Superior

24.Were you ever in a remedial class or did you egeeive special help with academic
problems in the following subjects?

a. Arithmetic: Yes No
b. Writing: Yes No
c. Reading: Yes No

25.Were you kept back a year in school? Yes No

If yes, which year?

26.Did you ever fail a class or subject? Yes No

If yes, was it because of poor performance incleiall that apply)

Reading In what grades?
Writing In what grades?
Arithmetic In what grades?

Other (specify)
In what grades?
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27.How would you rate your language development whanwere a child?

Impaired  Below Average  Average  Abdwerage  Superior

28.Did you receive speech and/or language therapy?s Yé&lo

If yes, what speech and/or language problems weaged?

For how long?

29.Did your mother have a speech, language, or regutiglem? Yes No
Don’t know

If yes, what was the nature of the problem?

30.Did your father have a speech, language, or regttiolglem? Yes No
Don’t know

If yes, what was the nature of the problem?

31.How many sisters do you have?

32.How many sisters have had difficulty with languagading, or spelling?

33.How many brothers do you have?

34.How many brothers have had difficulty with languageading or spelling?

35.To your knowledge, do any family members on yodediave diagnoses of autism,
language disorders, or other developmental delays?

36.To your knowledge, do any family members on yodediave diagnoses of anxiety,
depression, schizophrenia, or another psychiaisarder?
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If yes, please list the problem and the relatiomsifieach person to YOU. Please exclude
family members with whom you are only related tlylounarriage. For relatives that can be
on either the maternal or paternal side (e.g. a)aplease specify. (If you listed any above,
you need not repeat them here.)

Problem:
Relationship:

Problem:
Relationship:

Problem:
Relationship:

Problem:
Relationship:
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C6: BIOLOGICAL HISTORY QUESTIONNAIRE FOR PARTICIPAN T'S SIBLING.

Biological Sibling’s History

Participant enrolled in the study: Participant’s DOB:

FOR EACH FULL OR HALF SIBLING OF THE BABY ENROLLEDN THE STUDY,

please list his/her name, birth date, mother’s namd father's name. Then check and
describe all ilinesses or developmental problerasttie child has had. Any other problems,
even if you think they may not be important, shaalkb be added. Please use the other side
of the page, if necessary.

Name of Sibling: Fibling/Half Sibling

Sex: Male Female

Sibling’s DOB:

Today’s date:

Biological Mother:

Biological Father:

1. What is this sibling’s primary (first) language?

What language(s) is/are spoken in his/her home?

2. How would you describe this sibling’s ethnicity?

White/Caucasian Black/Black British Asian/Asianti&th Chinese
Mixed

Other (please specify)

3. Does this sibling have a diagnosed disorder ofkamgy?

If so, what is the diagnosis?

When was the diagnosis given?
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4.

Who provided the diagnosis?

In the chart below, please list all the organisagcdre/playgroups/schools that this
sibling has been involved in, including locatiordatates of enrolment:

Daycare/Group/
School

Location Month/Year Begun

Month/Year Ended

Please indicate whether this sibling has a hisbbtire following developmental
problems or illnesses:

Y

N

Articulation

Stuttering

Language

Reading

Writing

Maths

Attention Deficit Disorder
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Learning Disability

Medical

Recurrent Health Problems

(e.g. allergies, chroear infections, seizures, hyperactivity)

Social/Emotional

6. If you did not previously answer these questionsrdlie phone, please indicate
which, if any, of the following this sibling haserienced or been diagnosed with.
Circle either yes, no, or | don’'t know (D/K):

Birth Trauma YES NO D/K

Birth Asphyxia YES NO D/K

PKU YES NO D/K

Congenital Rubella YES NO D/K

Neurofibromatosis (NF1 or 2) YES NO D/K

Tuberous Sclerosis YES NO D/K

Fragile X Syndrome YES NO D/K

Other Chromosonal Abnormality YES NO D/K
What?

Metabolic Disorder YES NO D/K
What?

Progressive Neurological Disorder YES NO D/K
What?

Visual Developmental Delay, e.g. blindness YES ON D/K
What?
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Auditory Developmental Delay, e.g. deafness YES O N D/K

What?
Motor Developmental Delay YES NO D/K
What?
7. Has this sibling received childhood vaccinations?ESY NO
7a. If yes, did these vaccinations include the MiéRcine? YES NO
8. Did your child have any abnormal reaction to a vrzation? YES NO

8a. If yes, please describe this reaction and aggical attention received:

9. Does this sibling have a history of gastrointestprablems? YES
NO

9a. If yes, please describe problems, and WHEN blegyan:

10. Was this child breastfed at all? YES NO

If YES:
11a. For how long were they breastfed? (no forjnula

11b. At any point, was breastmilk supplementedhiormula? YES
NO

If yes, how often and how much?

If yes, what brand of formula was used?

11c.At what age, if ever, did you fully shift frobmeastfeeding to using formula? (in
months)

If NO:
11d. What brand of formula was used?
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11.Do you have any current concerns about this sitdidgvelopment? If so, please
describe in detail below.
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APPENDIX D

INTERVENTION RECORD FORM
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D.1: INTERVENTION RECORD FORM.
Intervention Record Form

Date: Child ID:

Please answer the following questions regardinghteepies/interventions your child may be
CURRENTLY enrolled in:

1. Is your child currently receiving any interventifwther than Reciprocal Imitation
Training/RIT)?

Yes No

2. Is your child currently receiving any behaviourateirventions (e.g. ABA, Floortime,
RDI, PECS, SonRise)?

Yes No

3. Is your child currently receiving Speech Therapy?
Yes No

4. Is your child currently receiving Occupational Téaey?
Yes No

5. Is your child currently receiving any early childitbspecial education (e.g. TEACCH,
STAR curriculum, Early Bird Programme, PACT, Dideré@rail Training, General
special ed. Etc.)

Yes No

6. Is your child currently following any dietary/biomieal interventions (GFCF,
Chelation, Megavitamins etc.)?

Yes No

7. Does your child have a Statement of Special EdocatiNeeds (SEN)?
Yes No

8. Does your child have an Individual Education Plan?
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Yes No

9. Please list all interventions your child is enrdlla and rate how satisfied you were

with these:

Name of Number of | Group/ Therapy Please rate your level of

Intervention | hours/week| Individual | centre/lhome | satisfaction with the intervention
service
1 2 3 4 5
Not satisfied Highly
at all satisfied
1 2 3 4 5
Not satisfied Highly
at all satisfied
1 2 3 4 5
Not satisfied Highly
at all satisfied
1 2 3 4 5
Not satisfied Highly
at all satisfied
1 2 3 4 5
Not satisfied Highly
at all satisfied

Please answer the following questions regardinghteepies/interventions your child may
have been PREVIOUSLY enrolled in:
1. Has your chilceverreceived any intervention?

Yes No

2. Has your childeverreceived any behavioural interventions (e.g. ABbortime,
RDI, PECS, SonRise)?

Yes No
3. Has your childeverreceived Speech Therapy?
Yes No
4. Has your childeverreceived Occupational Therapy?

Yes No
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5. Has your chilceverreceived any early childhood special educatiog. (BEACCH,
STAR curriculum, Early Bird Programme, PACT, Dideré@rail Training, General
special ed. Etc.)

Yes No

6. Has your childeverfollowed any dietary/biomedical interventions (G EChelation,
Megavitamins etc.)? Yes No

7. Please list all interventions your child lagerbeen enrolled in and rate how satisfied
you were with these:

Name of Date Number of | Group/ Therapy Please rate your level of
Intervention | started & | hours/week| Individual | centre/home | satisfaction with the
ended intervention service

1 2 3 4 5
Not satisfied Highly
at all satisfied
1 2 3 4 5
Not satisfied Highly
at all satisfied
1 2 3 4 5
Not satisfied Highly
at all satisfied
1 2 3 4 5
Not satisfied Highly
at all satisfied
1 2 3 4 5
Not satisfied Highly
at all satisfied
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IMITATION ASSESSMENTS
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E.1: UNSTRUCTURED IMITATION ASSESSMENT.

Unstructured Imitation Scale
Object Imitation Assessment




UNSTRUCTURED IMITATION SCALE
GESTURE IMITATION ASSESSMENT




E.2: STRUCTURED IMITATION ASSESSMENT.

SIA Scoring Sheet

Child ID: Scorer:

Examiner: Primary/Reliability










Guidelines for Structured Imitation Assessment
















APPENDIX F

STUDY DESIGN: THREATS TO VALIDITY
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F.1: COMMON THREATS TO VALIDITY IN AN RCT AND SOLUT

THESE THREATS.

Table F.1: Common threats to validity in an RCT.

IONS TAKEN IN THE PRESENT STUDY TO MINIMISE

Threat

Meaning

Resolution

1. Internal Validity

The extent to which one camftdently conclude that

a given treatment had a given effect on behaviour.

Temporal Precedence

To establish a causal relatpiise treatment mus
occur before the outcome.

imitation were included in the sample, that
children who reached ceiing on t
spontaneous imitation scale were excluded.

5tOnly children with difficulties in spontaneous

S,
ne

Selection

The existence of significant differentetween the

treatment and control groups in the RCT befooat (Section 2.2.1). Given the well-documen

treatment.

ASD population, a stratified randomisati
procedure was also used. Statistical anal

in order to confirm that there were
significant group differences.

» Strict inclusion and exclusion criteria were la

high degree of variability in verbal skills in the

d
ted

N
yses

were conducted on pre-treatment characteristics

no

History

An event occurring in or out of the studyat may
provide for an alternative explanation of the resul

Any other treatment the child may be enrol

also statistically analysed.

ed

in before and during the trial was identified and
monitored using an Intervention Record Fgrm
(Appendix E). Number of hours spent in other
interventions by each participant group was

Maturation

Any natural growth or deterioration fast that may
occur over time.

The control group in our study was w

age. Also, the wait-list control design contr

ol

matched on age, non-verbal and verbal mental

Dls

for change over time that result from normal
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maturation, because both groups are matu
to the same extent.

Regression to Mean

The tendency of a participaneteive an extrem
score on a measure at a given time in testing an
re-test to receive a less extreme score. Ran
allocation of subjects, use of statistical analygish
as ANCOVA, avoiding self-report measures and us
tests with high test-retest reliability are waysdduce
this threat.

Groups were randomly allocated and W
dhratched. Repeated-measures ANOVA W
dased for statistical analysis as it was though
be more appropriate for the sample and
sirgpearch questions. No self-report meas
were included in the study and all tests u
had high test-retest reliability.

Attrition

The significant loss of participants ovéne.

Seven participants dropped out before rang
allocation to groups and only one child dropy
out after random allocation.

ring

ell
ere
tto
the
res
sed

Attrition rate was not seen to be very high.

jom
ned

Testing and
instrumentation

Impact of repeated test administration.

Doublenddhg procedures were used. T
problem was particularly kept in mind wi
tests such as the ADOS that rely heavily

All ADOS administrators attended regu
reliability meetings and videos were cro
scored by ADOS-trained lab members
ensure accuracy. Furthermore, the potentia
rater-drift in coding protocols was address
while training blind coders and ad-hoc ‘dri
checks’ were performed by comparing
observers’ scorings. If the inter-rater agreen
fell below kappa of 0.6, ‘revised trainin
sessions were conducted.

NisS
th
on

administrators’ observation and scoring skills.

ar
5S-
to
for
sed
ft-
all
ent

;1

External Validity

This refers to generalisability of the results beythe
specific population and conditions.

Sample Characteristics

The ability to generalisenfthe sample in the trial t
the general population.

QAll children in the sample met criteria f
autism however they were not excluded on

DI
the

basis of gender, intellectual capacity, or aut

sm
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symptom severity. Also, children with ¢
occurring seizures, primary sensq
impairments, or a known genetic disorder, w

excluded in order to maintain homogeneity
the sample and, therefore, allow us
reasonably draw conclusions regard

generalization of any observed effects to
larger population of children with autism.

:)_
ry
ere
of
to
ng
the

Setting Characteristics

The inability to generalisgervention effects tc

settings beyond the study setting.

D Generalisability across settings (such as
home) was not addressed, and was beyong

current RCT was a laboratory-based treatn
trial, generalisability across people was teg
by having the experimental change meas
administered by experimentally  blindg
examiners who were not involved in treatme
Also, the room in which all tests we
administered was different from the treatm
room, in order to minimise confounders rela
to setting characteristics.

the
] the

scope of the current project. Although the

lent
ted
Ires
2d
2Nt.
re
ent
ted

Testing effects

Relates to actual timing of theings knowing that

one is being tested, and pre-test sensitisation.

Using child friendly, play-based assessme
which were administered only once at T1 @
T2. The timing of testing was matched acr
the two groups; that is, length of time betws
Tl and T2 assessments was monitored
closely matched across participants in the
groups.

nts
and
DSS
2en
and
fwo

Construct Validity

This focuses on the ability dfet study to test th

constructs as intended (West & Spring, 2007).

e

Inadequate explication ¢
constructs

oflll-defined, inadequately operationalised constsuait

interest.

Spontaneous social use of imitation was
main construct and RIT is an interventi

the

uct

specifically designed to improve the constr
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the intervention manual.

Confounding constructs

Confusing two constructs

iAddepth literature review was carried ¢
constructs of spontaneous imitation and so
1 for detailed discussion) therefore minimis

any confounders due to constructs be
measured.

Singular definitions

Threats can come from ‘moneapion bias’ as wel
as ‘monomethod bias’. Having various methods w
defining and implementing a construct. The use
multiple therapists in delivery of treatment g
multiple measures to look at the same construct
two ways of overcoming this challenge.

| Multiple therapists delivered the interventid
hinerefore conclusions regarding theraj
agéneralisability of treatment could be drawn.
nd

are

Participant reactivity

This involves different ways which a participan
may react to aspects of the RCT which are unintr
and not included in the actual investigation.

I As participants were young children unaw
ndé the research design, such threats W
minimal. On the contrary, participant
reactions to new test administrators w
considered such that administrators were g

child. Secondly, various needs of the child
were also taken into consideration wlh
administering tests (short attention spg
challenging behaviours, etc.) and individualig
strategies were used in order to help child
complete the assessments.

in question. Clear definitions regarding
imitation and its techniques are also laid out in

imitation were clearly defined (refer to Chap{er

ut

on the construct of imitation and the tywo

cial

ng
ing

n,
Dist

Aare
ere
S’
ere
ven

some initial time to develop a rapport with the

ren
en
INS,
sed
ren

Experimenter expectancie

s Unintentional biasesdbiaie from the experimente

r. Double blinding pragced for both
administration and scoring were followed g
protocols for therapist included blinding t

nd
he

therapist to group status.
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Treatment diffusion

When various components ofttbatment in questio
may be inadvertently provided to the control group

embedded in both behavioural

NRIT is an intervention that uses techniques

nd

developmental theories. Therefore there may be
some overlap in techniques used for (the

treatment group and the techniques used in
therapies availed by the control group. On
other hand, RIT is a n NDBI and, as such

unlikely to be similar to most interventions |i

the UK — which are either developmental

the
the

behavioural (Salomone et al., 2015), and it is
this unique combination of techniques that
makes RIT a successful interventipn

programme that was aimed to be tes

Additionally, as enrolment in other treatments

was not an exclusion criteriomqur specific
research question was to look at efficacy of
in children with autism over and abo
treatment-as-usual, which may include varig
other treatments as well as no treatment.

Statistical Conclusior
Validity

nValidity of the conclusions reached through stetadt
methods about the variables in question.

Low Statistical power

Statistical power is the @pito detect an effect whe
it does truly exist, i.e. reject the null hypotlsesihen
it is false.

nSample size was determined through two w

As this study was based on the previous p
RCT, sample size was kept similar. Furth
power was also determined using the on
statistical software, G*power.

RIT
ve
DUS

aysS.
lot-
er,

ine

Family-wise error

Conducting multiple statisticabdyses.

Planned analyses as well as use
Bonferonni/Holm-Boneferonni correctid
ensured minimising this threat.

of

Unreliable measures

The use of unreliable assessrmredures and test

5. All tests used in this ystueere either
standardized tests for children or tests dev

sed
ed

and used in multiple previously publish
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academic research articles designed to an
guestions regarding imitation in children w
autism spectrum disorders. All tests used in
current study have high test-retest reliabilities.

swer
th
the

Unreliability of treatment
implementation

Variability in treatment across subjects.

Reguldelity of implementation checks. As
the PhD researcher is a trained trainer for RIT,
all therapists trained were regularly, on an |ad-
hoc basis, scored for fidelity of implementation
to minimise therapist biases as well as control
for treatment variability due to the subject.
Also, therapists evaluated and discussed éach
other’'s therapy delivery to best ensure that
understanding of treatment techniques was| the
same across all therapists.

Subject heterogeneity

Increased heterogeneity micjgants can lead t
unwanted variability and increased
deviations for study measures.

DAlthough this was kept in control through strict

standairttlusion and exclusion criteria, some effects of

this were seen as there was a mix of children
with very low intellectual abilities as well
high functioning children in the study whi
led to higher standard deviations. At the same
time, it was important to keep a balance
between controlling for this threat and having a
sample representative of the ASD population.
Independent samples t-test showed that|the
groups were well matched on pre-treatment
characteristics and thus threat to validity was
minimised.
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SCATTER PLOTS FOR CORRELATIONS

(ADDITIONAL RESULTS CHAPTER 3)
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G.1: Scatter PlotsShowing Correlation Between Spontaneous Imitation Bange Score:

And Reciprocal Social Interaction Skills
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Figure G.1:Correlation between Spontaneous Imitation changeesand Reciprocal Soci

Interaction skills as measured on the AD(
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Figure G.3: Correlation between Gesture Imitation change scanel Reciprocal Soci:

Interaction skills asneasured on the ADO
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G.2: Scatter Plot Showing Correlation Between Spontaneaumitation Change Scores

And Stereotyped Behaviours And Restricted Interest
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Figure G.4: Correlation between Spontaneous Imitation changeresand Stereotype

Behaviours and Restricted Interests as measured oAD®S.
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APPENDIX H

ADDITIONAL RESULTS CHAPTER 4
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H.1: HUMAN ACTION SOUNDS

Table H.1: Summary of two-way ANOVA for P1 meanligunde and peak latency human
action sounds in match and mismatch conditions atfdr the Treatment and Wait-List

Control groups in the Central channels.

Mean Amplitude Latency
F(L13) p ny F(113) p Ny’
Condition 0.003 0.96 0.00 0.00 0.99 0.00
CxG 0.79 0.39 0.06 0.10 0.76 0.01

Table H.2: Summary of three-way ANOVA for P1/N1mma@aplitude human action sounds
in match and mismatch conditions at T2 for the Trest and Wait-List Control groups in

the Frontal and Parietal channels.

Frontal (P1) Parietal (N1)
FL13) p n F(L13) p np’
Condition 1.44 0.25 0.10 161 0.23 0.11
Hemisphere  3.50 0.06 0.21 5.63 0.01* 0.30
CxG 0.02 0.90 0.00 1.99 0.18 0.13
HxG 0.50 0.56 0.04 1.50 0.25 0.10
CxH 2.59 0.11 0.17 0.54 0.55 0.04
CxHxG 0.39 0.64 0.03 1.49 0.25 0.10

** E-statistic significant at p<0.01.

All values shaded grey were significant at p <0.05: Condition, H = Hemisphere, G = Group.
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Table H.3: Summary of three-way ANOVA for P1/Nlkpdasency human action sounds in
match and mismatch conditions at T2 for the Treatnaed Wait-List Control groups in the

Frontal and Parietal channels.

Frontal (P1) Parietal (N1)
F(L13) p F(113) p o
Condition 0.60 045 0.04 0.44 0.52 0.03
Hemisphere  0.48 0.61 0.04 3.57 0.04* 0.22
CxG 0.09 0.77 0.01 0.21 0.65 0.02
HxG 0.22 0.78 0.02 1.19 0.32 0.08
CxH 1.80 0.19 0.12 0.79 0.46 0.06
CxHxG 1.09 0.34 0.08 1.02 0.37 0.07

** F-gtatistic significant at p<0.01.

All values shaded grey were significant at p <0.05: Condition, H = Hemisphere, G = Group.
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Table H.4: Summary of four-way ANOVA for humanaacsounds in match and mismatch
conditions for the four time windows (180-310m%)-340ms, 440-570ms, 570-700ms) at T2

for the Treatment and Wait-List Control groupshie frontal channels.

Frontal
F (1,13) p Ny’
Condition 1.93 0.19 0.13
Hemisphere 0.95 0.37 0.07
Timing Window 2.54 0.10 0.16
CxG 3.35 0.09 0.21
HxG 0.73 0.44 0.05
TxG 0.13 0.88 0.01
CxH 1.39 0.27 0.10
CxT 0.24 0.83 0.02
HxT 1.34 0.28 0.09
CxHxG 0.62 0.49 0.05
CxTxG 0.70 0.53 0.05
HxTxG 1.33 0.28 0.09
CxXHxT 2.30 0.11 0.15
CXHxTxG 0.40 0.71 0.03

** F-gtatistic significant at p<0.01.
All values shaded grey were significant at p <0.0% Timing window, C = Condition, H = Hemisphere,

G = Group.
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H.1.1. Mismatch effect comparison at T1 for human etion sounds

In section 4.3.1.2 mismatch effect (mismatch — mmaticals) was calculated and
compared for individual participant and group datd1 and T2 to evaluate change through
treatment. Visual inspection of group data meanslaahowed a marginal difference between
Treatment and Wait-List Control group. Independerples t-test however did not show any

difference over the central and parietal channgble H.5).

Table H.5: Mean (S.E.) of human-action mismatcbcefior Treatment and Wait-List Control

group.

Mismatch Effect Treatment Wait-List t(8) p-value
(n=5) Control

(n=5)

Central 0.46 -0.21 0.48 0.64
(0.7) (0.3)

Parietal Left -0.73 0.81 -1.17 0.28
(0.7) (1.1)

Parietal Middle -1.17 1.68 -1.79 0.11
(1.1) 1.2)

Parietal Right -0.61 1.78 -1.29 0.23
(1.1) (1.5)
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H.1.2. Group Data Analysis: T1 And T2 Comparison fo Human Action Sounds

Between subjects repeated measures ANOVAs wereucted for the Central and
Parietal channels to compare change in ERP respdrsa T1 to T. As group by condition
interactions were significant for both the regiotte mean of four timing windows (180-
310ms, 310-440ms, 440-570ms, 570-700ms) was ctdcutar each human action trial, that
Is, match and mismatch trials. Independent sanigtest were carried out for data at T1. No
significant difference was found between the Treatimand Wait-List Control group on
match and mismatch trials at T1 for the centralncleds; however, a significant difference
was observed between the Treatment and Wait-ListrGlogroups for the match trials at T1

in the middle parietal region (Table H.6).
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Table H.6: Mean (S.E.) of human-action match ansihmatch conditions for Treatment and

Wait-List Control group T1.

Condition Treatment Wait-list  t(8) p-value

(n=5) Control
(n=5)

Match Sounds

Central 0.35 0.39 -0.06 0.95
(0.7) (0.3)

Parietal Left -0.78 -0.74 -0.04 0.97
(0.4) (0.9)

Parietal Middle 0.31 -2.94 2.54 0.05*
(0.4) (1.2)

Parietal Right -0.41 -1.62 0.89 0.40
(0.8) (1.1)

Mismatch Sounds

Central 0.81 0.18 0.51 0.63
(1.1 (0.6)

Parietal Left -1.50 0.07 -1.55 0.16
(0.8) (0.6)

Parietal Middle -0.86 -1.26 0.35 0.74
(0.9) (0.7)

Parietal Right -1.01 0.16 -0.91 0.39
(0.6) (1.1)

Centrat A between-subjects repeated measures ANOVA wotidition (match, mismatch)
and time (T1, T2) as within-subjects factors andugr (Treatment, Wait-List Control) as

between-subjects factor was conducted (Table H.7).
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Table H.7: Summary of three-way ANOVA for humaioactounds in match and mismatch

conditions at T1 and T2 for the Treatment and \Wait- Control groups for the Central

channels.
Central
F(1.8) p My

Condition 0.005 0.94 0.001
Time 0.20 0.66 0.03
CxG 4.73 0.61 0.37
TxG 0.36 0.56 0.04
CxTxG 14.34 e 0.64

** F-gtatistic significant at p<0.01.

All values shaded grey were significant at p <0.05= condition, T = time, G = group.

Post-hoc analysis using pairwise comparisons witimf&roni correction for the
condition x time x group interaction found no drface in activity between Treatment and
Wait-List control group at T1 or T2 in the matchdamistmatch conditions. Within group
differences were found for the Wait-List Controbgp, where at T2 there was a significant
difference in ERP responses between match trMls< 2.0V, S.E.= 0.9) and mismatch
trials M = -0.681V, S.E.= 1.0,p = 0.03), showing a larger positive response tachmaials
compared to mismatch trials which showed a larggative response. In the Treatment group
there was a trend towards significance for greatemmatch responséM(= 1.84V, S.E.=
0.96) compared to match trialgl € -0.46uV, S.E.= 0.9) at T2f = 0.056).

Parietal: A between-subjects repeated measures ANOVA watidition (match, mismatch),
hemisphere (left, middle, right) and time (T1, T& within-subjects factors and group

(Treatment, Wait-List Control) as between-subjéatsor was carried out (Table H.8).

303



Table H.8: Summary of four-way ANOVA for humanaacsounds in match and mismatch

conditions at T1 and T2 for the Treatment and Wast-Control groups for the Parietal

channels.
Parietal
F (1.8) p Ny’

Time 0.00 0.99 0.00
Condition 0.04 0.84 0.005
Hemisphere 2.20 0.15 0.21
TxG 0.29 0.61 0.04
CxG 0.002 0.97 0.00
HxG 1.93 0.19 0.20
TxC 0.18 0.69 0.02
CxH 0.36 0.67 0.04
TxH 3.83 0.06 0.32
TXxCxG 6.82 0.03* 0.46
TxHXxG 1.09 0.35 0.12
CxHxG 1.15 0.34 0.13
TxCxH 2.70 0.12 0.25
TXCxHxG 7.34 0.01* 0.48

** F-gtatistic significant at p<0.01. * F-statistiéghificant at p<0.05.

All values shaded grey were significant at p <0.05= condition, T = time, H = hemisphere, G = graup

Pairwise comparisons using Bonferroni correctionreveonducted for the two
significant interactions. In the Group x Time x @dion interaction, a significant difference
between ERP activity at T1 (M =-029, S.E. =0.7)and T2 (M =-1.p¥, S.E. = 0.7)
was found for the Treatment group during matchsr{p = 0.05). A significant difference
between activity at T1 (M =-1.p¥, S.E.=0.7) and T2 (M =-0.2¥, S.E. = 0.7) was also
found for the Wait-List Control group during mattfals (p = 0.02). No other comparisons
were significant for this interaction.

Post-hoc analysis for the Group x Time x Hemisphe@ondition interaction revealed

a significant difference in the middle parietal ERESponse between Treatment (M =
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0.31uV, S.E. = 0.9) and Wait-List Control group (M =92uV, S.E. = 0.9) at T1 during
match trials (p = 0.04), suggesting a larger nggagoing response for the Wait-List group
and a small positive-going ERP response for thatiment group. Further, in the Treatment
group a larger negative response was observee imitidle parietal region for match trials at
T2 (M =-1.821V, S.E. = 1.2) compared to T1 (M = 0iB4, S.E. = 0.9, p = 0.04), whereas
in the Wait-List Control group a larger negativepense was observed for match trials in the
mid-parietal region at T1 (M = -2.9Y, S.E. = 0.9) compared to T2 (M = 0/Bg, S.E. =
1.2, p <0.01). Thus a different pattern of activitygs observed in the Treatment and Wait-List
Control group at both T1 and T2 in the middle patieegion for match trials.

Also, the Wait-List Control group showed a sigraint difference between the match

and mismatch trials in the middle parietal regibi2a(p = 0.05).

H.1.3. Correlation Analysis:

Table H.9: Correlations between age, ADOS domaiorexc and total scores and mean

amplitude difference for human-action sounds (n=15)

Central Parietal Parietal Parietal
Left Middle Right

Chronological Age -0.18 0.17 -0.24 -0.37
Reciprocal Social -0.29 -0.22 -0.14 -0.08
Interaction
Communication -0.19 -0.04 -0.06 -0.11
Play -0.13 -0.29 -0.07 0.03
Stereotyped Behaviors  -0.08 -0.20 0.06 -0.25
& Restricted Interests
ADOS Total Score -0.26 -0.15 -0.11 -0.10
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H.2: NON-HUMAN ACTION SOUNDS

Table H.10: Summary of two-way ANOVA for P1 meaplitunde and peak latency non-
human action sounds in match and mismatch conditadnT2 for the Treatment and Wait-

List Control groups over the Central channels.

Mean Amplitude Latency
F(L13) p ny F(113) p Ny’
Condition 0.012 0.73 0.01 0.20 0.66 0.02
CxG 0.31 0.59 0.02 1.14 0.31 0.08

Table H.11: Summary of three-way ANOVA for P1/NhRmamplitude non-human action
sounds in match and mismatch conditions at T2 ler Treatment and Wait-List Control

groups for the Frontal and Parietal channels.

Frontal (P1) Parietal (N1)
FL13) p  n F(113) p np’

Condition 0.39 0.54 0.03 0.14 0.72 0.01
Hemisphere  0.34 0.65 0.03 0.09 0.89 0.01
CxG 5.75 0.03* 0.30 0.47 0.50 0.04
HxG 1.45 0.26 0.10 0.15 0.83 0.01
CxH 0.97 0.37 0.07 1.77 0.20 0.12
CxHxG 0.76 0.44 0.06 1.57 0.23 0.11

*F-statistic significant at p<0.05.

All values shaded grey were significant at p <0.05: Condition, H = Hemisphere, G = Group.
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Table H.12: Summary of three-way ANOVA for P1/Ndkpgatency non-human action sounds

in match and mismatch conditions at T2 for the Tret and Wait-List Control groups in

the Frontal and Parietal channels.

Frontal (P1)

Parietal (N1)

2

F(113) p n F(1,13) p Mp
Condition 0.14 0.71 0.01 0.21 0.65 0.02
Hemisphere 1.39 0.27 0.10 0.41 0.63 0.03
CxG 0.06 0.81 0.00 1.28 0.28 0.09
HxG 0.06 0.92 0.01 0.27 0.72 0.02
CxH 1.15 0.33 0.08 1.79 0.19 0.12
CxHxG 1.18 0.32 0.08 3.21 0.06 0.20

C = Condition, H = Hemisphere, G = Group.

Table H.13: Summary of four-way ANOVA for non-hunaation sounds in match and

mismatch conditions for the four time windows (B3@ms, 310-440ms, 440-570ms, 570-

700ms) at T2 for the Treatment and Wait-List Cdrgroups in the Central channels.

Z

F(L13) p e
Condition 0.25 0.63 0.02
Time 1.01 0.38 0.07
CxG 0.13 0.73 0.01
TxG 0.62 0.54 0.05
CxT 1.42 0.26 0.10
CxTxG 0.28 0.79 0.02

C = Condition, T = time window, G = Group.
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H.2.1. Group Data Analysis: T1 And T2 Comparison fo Non-Human Action Sounds.

Groups were analysed for differences in the Froatal Parietal regions in the non-
human action sounds condition and as time x grdigets were found previously mean of
hemispheric ERP responses were calculated for dloe fiming windows. Independent
samples t-test were carried out for data at T1sMaificant difference was found between
the Treatment and Wait-List Control group on matod mismatch trials at T1 for the frontal
or parietal channels (Table H.15).

A between-subjects repeated measures ANOVA withdition (match, mismatch),
timing windows (180-310ms, 310-440ms, 440-570mg)-BU0ms) and time (T1, T2) as
within-subjects factors and group (Treatment, W.ist-Control) as between-subjects factor

was carried out for both Frontal and Parietal clets(Table H.16).
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Table H.15: Mean (S.E.) of non-human action matath mismatch conditions for Treatment

and Wait-List Control group.

Condition Treatment Wait-list Control t (8) p-value
(n=5) (n=5)

Match Sounds

Frontal TW1 -0.83 0.83 -1.18 0.27
1.2) (0.7)

Frontal TW2 -1.43 -0.18 -1.08 0.31
(0.9) (0.8)

Frontal TW3 -1.16 -0.58 -0.43 0.69
(0.8) (1.1)

Frontal TW4 -0.89 -0.68 -0.17 0.87
(0.6) (1.1)

Parietal TW1 0.28 -0.77 1.07 0.32
(0.5) (0.9)

Parietal TW2 -0.18 -1.20 1.20 0.26
(0.6) (0.6)

Parietal TW3 -0.48 -0.59 0.12 0.91
(0.3) (0.8)

Parietal TW4 -0.51 -1.20 0.68 0.52
(0.7) (0.7)

Mismatch Sounds

Frontal TW1 0.74 0.35 0.52 0.62
(0.4) (0.6)

Frontal TW2 0.68 0.23 0.41 0.70
(0.7) (0.9)

Frontal TW3 -0.20 -0.40 0.17 0.87
(0.8) (0.8)

Frontal TW4 -0.81 -1.18 0.25 0.81
(0.7) (1.3)

Parietal TW1 -1.53 0.58 -1.58 0.15
(0.9 (2.0)

Parietal TW2 -2.00 0.29 -2.08 0.07
(0.8) (0.7)

Parietal TW3 -1.42 0.57 -1.70 0.13
(0.9) (0.7)

Parietal TW4 -0.38 1.20 -1.83 0.11
(0.8) (0.4)

TW = Time Window; TW 1= 180-310ms, TW2 = 310-440m¢3 = 440-570ms, TW4 = 570-700ms.
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Table H.16: Summary of four-way ANOVA for non-hunaation sounds in match and

mismatch conditions at T1 and T2 for the Treatmard Wait-List Control groups in the

Parietal channels.

Frontal Parietal
F(18) p Np° F(8) p Np”

Time 5.30 0.05* 0.40 0.03 0.88 0.00
Condition 0.22 0.65 0.03 0.52 0.49 0.06
TW 1.93 0.15 0.19 4.29 0.04* 0.35
TxG 0.05 0.83 0.01 0.01 0.93 0.00
CxG 0.35 0.57 0.04 1.04 0.34 0.12
TWx G 1.60 0.23 0.17 2.91 0.09 0.27
TxC 1.40 0.27 0.15 0.40 0.54 0.05
CxTW 7.83 *x 0.50 4.52 0.03 0.36
TxTW 4.16 0.03 0.34 0.05 0.95 0.01
TxCxG 0.10 0.80 0.01 1.76 0.22 0.18
TXTWxXxG 9.93 *x 0.55 159 0.24 0.17
CxTWxG 2.62 0.11 0.25 0.27 0.77 0.03
TXCxTW 0.83 0.43 0.09 0.34 0.75 0.04
TXCxTWxG 0.66 0.50 0.08 0.77 0.50 0.09

** F-gtatistic significant at p<0.01. * F-statistiéghificant at p<0.05.

All values shaded grey were significant at p <0.05= condition, T = time, TW = Time Windows, G =ogp.

Frontal: Post-hoc analysis using Bonferroni correction ttee Condition x Time Window
interaction effect did not reveal any significaiftetences.

Pairwise comparisons using Bonferroni correction @&roup x Time x Time Window
interaction revealed that a significant differenoethe Wait-List control group for time
window 3 (440-570ms) between TW (= -0.4QuV, S.E.= 0.7) and T2M = 1.641V, S.E.=
0.5),p =0.02; and time window 4 (570-700ms) betweenNI1%£ -0.93.V, S.E.= 0.8) and T2

(M =1.131V, S.E.= 0.4),p =0.05.
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Parietal: Post-hoc analysis using pairwise comparisons uBimgferroni correction for the
Condition x Time Window interaction did not showyagignificant did not reveal any

differences in processing of match and mismatetistfor any time window.

H.2.2. Correlations Analyses:

Table H.17: Correlations between age, ADOS domanres and total scores and mean

amplitude difference for non-human action soundd. ).

Frontal Frontal Frontal Parietal Parietal Parietal
Left Middle  Right Left Middle Right

Chronological Age 0.03 -0.25 -0.41 -0.02 -0.04 10.3
Reciprocal Social -0.28 -0.22 -0.01 -0.17 -0.27 0.11
Interaction

Communication -0.39 -0.36 0.03 -0.07 -0.06 0.27
Play -0.06 0.083 0.44 0.03 -0.02 0.08
Stereotyped Behaviors 0.12 -0.07 0.16 -0.12 -0.27 -0.01
& Restricted Interests

ADOS Total Score -0.35 -0.30 0.01 -0.13 -0.19 0.19

Table H.18: Correlations between spontaneous imoitathange scores and mean amplitude

difference for human-action sounds (n=15).

Frontal Frontal Frontal Parietal Parietal Parietal
Left Middle  Right Left Middle Right
Spontaneous -0.10 -0.08 0.13 0.08 0.38 0.27
Imitation Total
Object Imitation 0.03 0.02 0.16 0.08 0.22 0.10
Gesture Imitation  -0.22 -0.17 0.02 0.03 0.41 0.40
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APPENDIX |

ADDITIONAL RESULTS CHAPTER 5
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[.1. CORRELATION: ASD SAMPLE & EEG THETA, LOWER AL PHA & UPPER ALPHA ACTIVITY ( N=12)

Pearson correlations were conducted to investigd@ionship between social and non-social proogssi the three EEG frequency
bands and autism symptomatology as measured oADRKES: reciprocal social interaction, communicatistereotyped behaviours and
restricted interests and play, in the ASD groupnidocial and social theta, lower alpha and uppehalactivity was calculated by
calculating the mean of hemispheric activity. Hddorferroni sequential correction was used to corfi@cType 1 error due to the large
number of analyses conducted (Gaetano, 2013; HHdTQ). Corrected values revealed no significantetations between EEG activity

and ADOS domain or total scor¥s.

11 The tables are presented based on region onlye&thetic purposes and increase ease of reader.
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Table I.1: Correlation between pre-treatment childaracteristics of autism severity as measuredhenADOS-G and social and non-

social processing measured on EEG oscillation$efa, lower alpha and upper alpha frequency bandas the Central channels.

Non-Social Social
Theta Lower Alpha Theta Lower Theta Lower Alpha
Alpha
Communication 0.16 0.29 -0.04 0.05 0.09 -0.03
Reciprocal Social Interaction 0.35 0.31 -0.25 0.31 0.37 -0.20
ADOS Total Score 0.28 0.31 -0.16 0.20 0.25 -0.13
Play 0.33 0.40 -0.24 0.30 0.54 -0.27
Stereotyped Interests and  0.37 0.43 0.06 0.30 0.44 0.02

Repetitive Behaviours

All p-values corrected using Holm-Bonferrioni cartien. No significant correlations were found.
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Table 1.2: Correlation between pre-treatment childaracteristics of autism severity as measuredhenADOS-G and social and non-

social processing measured on EEG oscillationsheta, lower alpha and upper alpha frequency bandsr dhe Temporal-Parietal

Junction (TPJ) region.

Non-Social Social
Theta Lower Alpha Theta Lower Theta Lower Alpha
Alpha

Communication -0.08 0.07 -0.24 -0.25 -0.30 -0.28
Reciprocal Social Interaction 0.13 0.09 -0.44 0.05 0.07 -0.35

ADOS Total Score 0.04 0.08 -0.36 -0.09 -0.11 -0.33
Play -0.02 0.13 -0.46 -0.10 0.22 -0.41
Stereotyped Interests and  0.06 0.11 -0.29 -0.10 0.00 -0.26

Repetitive Behaviours
All p-values corrected using Holm-Bonferrioni cartion. No significant correlations were found.
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Table 1.3: Correlation between pre-treatment childaracteristics of autism severity as measuredhenADOS-G and social and non-
social processing measured on EEG oscillationshefa, lower alpha and upper alpha frequency bands ¢he Orbitofrontal Cortex

(OFC) region.

Non-Social Social
Theta Lower Alpha Theta Lower Theta Lower Alpha
Alpha

Communication 0.23 0.46 0.13 0.21 0.39 0.18
Reciprocal Social Interaction  0.32 0.38 -0.07 0.38 0.50 -0.02

ADOS Total Score 0.29 0.44 0.02 0.31 0.47 0.08

Play 0.26 0.39 -0.16 0.35 0.53 -0.10
Stereotyped Interests and  0.31 0.47 0.09 0.39 0.59 0.14

Repetitive Behaviours

All p-values corrected using Holm-Bonferrioni cartion. No significant correlations were found.
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Table 1.4: Correlation between pre-treatment childaracteristics of autism severity as measuredhenADOS-G and social and non-
social processing measured on EEG oscillationdhefa, lower alpha and upper alpha frequency bands the Dorsolateral Prefrontal

Cortex (dIPFC) region.

Non-Social Social
Theta Lower Alpha Theta Lower Theta Lower Alpha
Alpha

Communication 0.30 0.48 0.12 0.21 0.31 0.09
Reciprocal Social Interaction 0.35 0.39 -0.09 0.37 0.46 -0.06

ADOS Total Score 0.35 0.45 0.01 0.31 0.41 0.01

Play 0.29 0.40 -0.14 0.39 0.56 -0.01
Stereotyped Interests and  0.36 0.49 0.11 0.47 0.62 0.22

Repetitive Behaviours

All p-values corrected using Holm-Bonferrioni cartion. No significant correlations were found.
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[.2: CORRELATION: TREATMENT & WAIT-LIST CONTROL GRO UPS (N=14).

To examine association between changes in imitatrmh EEG activity, theta, lower alpha and uppehalpctivity for social and

non-social condition in the four regions of CentrePJ, OFC and dIPFC were compared with changeesamm Unstructured Imitation

Assessment (UIA) using Pearson correlations. Ctedewalues using Holm-Bonferroni correction did meweal any significant

correlations.

Table 1.5: Correlation between change in spontaseiuitation, object imitation and gesture imitatisoores and social and non-social

processing measured on EEG oscillations of thetagl alpha and upper alpha frequency bands oveCeetral channels.

Non-Social Social
Theta Lower Alpha Upper Alpha Theta Lower Alpha Upper Alpha
Spontaneous Imitation  -0.02 0.21 0.19 -0.04 0.12 0.08
Total
Object Imitation -0.04 0.24 0.08 0.00 0.17 0.04
Gesture Imitation 0.02 0.06 0.23 -0.08 -0.02 0.08

All p-values corrected using Holm-Bonferrioni cartion. No significant correlations were found.
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Table 1.6: Correlation between change in spontaseiuitation, object imitation and gesture imitatisoores and social and non-social

processing measured on EEG oscillations of thetael alpha and upper alpha frequency bands overTieporal-Parietal Junction

region.
Non-Social Social
Theta Lower Alpha Upper Alpha Theta Lower Upper Alpha
Alpha

Spontaneous Imitation -0.07 0.09 0.15 -0.10 0.03 -0.001
Total

Object Imitation -0.12 0.13 0.03 -0.11 0.07 -0.05
Gesture Imitation 0.04 -0.01 0.23 -0.04 -0.05 0.07

All p-values corrected using Holm-Bonferrioni cartion. No significant correlations were found.

Table 1.7: Correlation between change in spontarseimitation, object imitation and gesture imitatisoores and social and non-social

processing measured on EEG oscillations of thetael alpha and upper alpha frequency bands overQhatofrontal Cortex (OFC)

region.
Non-Social Social
Theta Lower Alpha Upper Alpha Theta Lower Upper
Alpha Alpha
Spontaneous Imitation 0.02 0.28 0.25 -0.01 0.28 0.22
Total
Object Imitation -0.14 0.24 0.08 -0.01 0.26 0.08
Gesture Imitation 0.23 0.18 0.33 0.001 0.15 0.30

All p-values corrected using Holm-Bonferrioni cartion. No significant correlations were found.
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Table 1.8: Correlation between change in spontaseiuitation, object imitation and gesture imitatisoores and social and non-social

processing measured on EEG oscillations of thetagl alpha and upper alpha frequency bands oveDiesolateral Prefrontal Cortex

(dIPFC) region.

Non-Social Social
Theta Lower Alpha Upper Alpha Theta Lower Alpha ppér Alpha
Spontaneous Imitation -0.01 0.27 0.19 0.05 0.28 0.21
Total
Object Imitation -0.14 0.23 0.03 0.02 0.25 0.07
Gesture Imitation 0.17 0.17 0.29 0.07 0.16 0.28

All p-values corrected using Holm-Bonferrioni cartion. No significant correlations were found.
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J.1: POWER CALCULATI ON

In order to ascertain the minimum numbeiparticipants required to have a study v
sufficient power, power analysis was conductedg§&nPower. Et-square from the previol
pilot RCT (Ingersoll, 2010b) was used to calcul#te minimum effect size. Analys

revealed a minimum sample of 24 tc able to observe an effect at 0.

Figure J1: Graph showing minimum number of particip: needed, 24, for the study to he
sufficient statistical power calculated at an effaze of;ylo2 = 0.29 (as reported in th

previous RCT; Ingersoll, 2010k

F tests - ANOVA: Repeated measures. within-between interaction

Number of groups = 2. Number of measurements = 2. Nonsphericity correction € = 1. a err prob =
0.05. Effect size f(U) = 0.639101

P Eflectsize {U)
= —6— =0639101
2 10

5_

04 T T T T T T T T T T T T T

06 065 07 075 08 085 09 095
Power (1 err prob)
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