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ABSTRACT

Impairment in language and communication is a defeit in autism and related
autism spectrum disorders. Relatively recent rebesumpports a co-occurrence of
language impairment similar to that seen in chitdséth structural language
impairments and autism spectrum disorders. Whikenbt clear whether this impairment
constitutes a subtype of children with autism opavergence between two distinct
disorders, language impairment is emerging as @oritant dimension in understanding
autism spectrum disorders. In the current studyfilerAnalysis via Multidimensional
Scaling (PAMS) was used to create communicatiofilpsp which were then validated in
a sample of school aged children from a local sctistrict receiving services through
Special Education under the educational classifinaif Autism. Three profiles were
supportedHigh Speech vs. Low Nonverbal Communicatitigh Syntax vs. Low
Context andHigh Scripted Language vs. Low Social Relatidrieese communication
profiles were correlated with external variabledunding measures of adaptive
functioning, cognitive ability, language abilitypd autism symptomsligh Speech vs.
Low Nonverbal Communicatiaghowed significant positive correlations on modgemal
variables, while neither of the other two profitg®wed significant correlations with any
of the external measures. Characteristics of giad the profiles as well as profile
differences in children identified as having sturat language impairments are

discussed.
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CHAPTER |

INTRODUCTION

Pervasive Developmental Disorders

According to the Diagnostic and Statistical ManofaMental Disorders —2
Edition, Text Revision (DSM-IV-TR; American Psyctria Association, 2000), Pervasive
Developmental Disorders (PDD) are characterizeddwere and pervasive impairment in
multiple areas of development that is distinctlyidat relative to the individual's
developmental level or mental age. These impairsesu include the following:
reciprocal social interaction skills, communicatgkills, and presence of stereotyped
behavior, interests, and activities. Included m BDD category are Autistic Disorder,
Rett's Disorder, Childhood Disintegrative Disordesperger's Disorder, and Pervasive
Developmental Disorder — Not Otherwise SpecifieDDPNOS).

Of the PDDs, autism is perhaps the best knowmaost widely studied. In
many ways, autism is the quintessential PDD in ith@insists of impairment in three
areas of development: social interaction, commuiticaand restricted, repetitive, and
stereotyped patterns of behavior, interests, atiditges. According to the DSM-IV-TR
diagnostic criteria, a diagnosis of autism is appeie when six or more symptoms are
present across the three areas, with at leastympteoms present in the social interaction

domain and at least one symptom in each of the ditr@ains. Symptoms in the social



interaction domain include: impairment in using tiplé nonverbal behaviors (i.e. eye
gaze, facial expression, gestures), failure to kdgveevelopmentally appropriate peer
relationships, lack of spontaneously seeking teesbajoyment or interests, and lack of
social or emotional reciprocity. Communication syams include delay or lack of
development in spoken language, impaired abilityiftate or sustain a conversation
with others, repetitive or stereotyped use of lawgy and lack of spontaneous imitative
or make-believe play. Symptoms in the restrictgubtiive and stereotyped patterns of
behavior domain include extreme preoccupation wite or more stereotyped patterns of
behaviors, interests, or activities, inflexible atdnce to specific nonfunctional routines
or rituals, stereotyped and repetitive motor maisnes, and preoccupation with parts of
objects. In addition to the requisite number of pjams, a diagnosis of autism also
requires that the observed delays or abnormalifumoty are present before the age of
three in at least one of the following: social ratgion, language as used in social
communication, or symbolic or imaginative play.

In addition to the clinical criteria used to diage autism, an educational
classification of autism has also been establisthegrve the educational and social
needs of children with autism in the public edumagystem. According to the
Individuals with Disabilities Education Improvemeiit of 2004 (IDEA 2004), autism is
defined as “a developmental disability significgraffecting verbal and nonverbal
communication and social interaction, generallyewt before age three, that adversely
affects a child’s educational performance” (se€.8(.1.i). This educational definition
differs from the clinical definition outlined in & DSM-IV-TR in a number of ways. First,

while the clinical definition is based on a triadmpairment (social interaction,



communication, and restricted, repetitive, andestgiped patterns of behavior, interests,
and activities), the educational classificatiodé$ined by only two (verbal/nonverbal
communication and social interaction). In fact, ®WEO04 lists repetitive activities and
stereotyped movements as “characteristics oftevcaded with autism” rather than as a
core deficit area central to the disorder itsedc(800.8.c.1.i). Second, according to the
IDEA educational definition, a diagnosis of autimmot enough for an educational
classification; the nature of the impairment musshch that the child’s educational
performance is negatively impacted to a degreerdtatires specialized instruction. In
many instances, high functioning children with aotimay not receive services through
special education under the educational classibicaif autism because they do not
require specialized instruction in academic aréhsd, the educational classification of
autism may exclude many children with autism fraoeiving specialized instruction
under the educational classification of autism bseahey exhibit severe externalizing
and/or internalizing behaviors. IDEA 2004 statéstism does not apply if a child’s
educational performance is adversely affected priynlaecause the child has an
emotional disturbance” (sec 300.8.c.1.ii). Emotiatisturbance includes characteristics
such as an inability to build or maintain satiséagtinterpersonal relationships with peers
or teachers, inappropriate types of behavior dirfge, a general pervasive mood of
unhappiness or depression, and a tendency to gepbisical symptoms or fears
associated with personal or school problems (IDEX4). This adds a great deal of
ambiguity into the educational classification ofismn, as many children with a clinical
diagnosis of autism exhibit some if not all of #i®ve mentioned characteristics used to

define emotional disturbance and suggests thateholild with a clinical diagnosis of



autism is identified and served in the public sdlsystem is based on their behavioral
presentation in the school setting rather tharr tigiical diagnosis per se.

Autism is unique among the PDDs in that it is ggueed as both a clinical
diagnosis and an educational classification. Auis@aiso the prototypical PDD; in many
ways, the other PDDs function as subsets of thestgh impairment seen in autism.
Asperger's Disorder, for example, is differentiafieain autism mainly by the absence of
language or cognitive delays. The classificatioPDD-NOS, on the other hand, is used
when “there is severe and pervasive impairmerttendevelopment of reciprocal social
interaction associated with impairment in eitherbad or nonverbal communication skills
or with the presence of stereotyped behavior, @stsy and activities, but the criteria are
not met for a specific Pervasive Developmental BRisg Schizophrenia, Schizotypal
Personality Disorder, or Avoidant Personality Dd&t (American Psychiatric
Association, 2000, p. 84).

Three of the PDDs, Autism, Asperger’s Disorded &ervasive Developmental
Disorder - Not Otherwise Specified (PDD-NOS), ap&vrcommonly referred to as
Autism Spectrum Disorders (ASDs), probably in geetause of the ambiguity
surrounding the boundaries of these disorders. Mle@ns that instead of being clearly
distinct from typical development, ASDs are bett@nceptualized as an "extreme point
on a behavioral continuum that encompasses childhenshow qualitatively similar
characteristics to autism in milder forms" as vealithose children who are clearly
identified as having autism (Bishop, Mayberry, Wokfgley, & Hallmayer, 2006, p.
117). As such, ASDs share features across all theGeit areas (social interaction,

communication, and restricted, repetitive, andesi®ped patterns of behavior, interests,



and activities) to varying degrees. ASDs are neevelbpmental disorders with
characteristic features commonly seen in earlhydbloibd, the most common
characteristic being a failure to socialize (News&fdovanitz, 2006).

The overlap between the various ASDs is so gheditthe proposed revisions for
the Diagnostic and Statistical Manual of Mentald@ders — Fifth Edition (DSM-V)
consist of eliminating the ASD subcategories amtuiding only a single category of
ASD with more stringent criteria (i.e., must mektlaree deficit areas in social
communication/interaction and two of four defigingepetitive, restrictive patterns of
behavior, interests, or activities) (American Psgtic Association, 2011, Proposed
Revision section. In addition to eliminating ASCosategories, the proposed changes to
the DSM-V diagnostic criteria includes subsuming tommunication domain under the
social domain based on the reasoning that “commatioit and social behaviors are
inseparable and more accurately considered agke set of symptoms with contextual
and environmental specificities” while “delays anguage are not unique nor universal
in ASD and are more accurately considered as arfitat influences the clinical
symptoms of ASD, rather than defining the ASD d@gjs” (American Psychiatric
Association, 2011, Rationale section). It remambé seen how these proposed changes
will affect the conceptualization, diagnosis arehtment of individuals with ASDs.

Given the broad range of abilities and deficitsxseaendividuals with ASD, it is
not surprising that numerous comorbid disordersehzeen identified in the research
literature. Disorders that have been identified@worbid with ASDs include anxiety
disorders (Generalized Anxiety Disorder, Panic Biso, Agoraphobia, Social Anxiety

Disorder, Simple Phobia, Obsessive-Compulsive DsQr depressive disorders (Major



Depressive Disorder, Dysthymic Disorder), OpposgicDefiant Disorder (ODD),
Conduct Disorder, Attention-Deficit/Hyperactivityigdrder (ADHD), enuresis,
encopresis, Tourette Syndrome, Chronic Tic Disqraled Trichotillomania (Simonoff et
al., 2008). Klin, McPartland, and Volkmar (2005¢mdified anxiety and depression as the
most common comorbid disorders for individuals WvABD with prevalence rates as high
as 65%, depending on the study and sample. Simenaff (2008) found that 70% of
their ASD sample had at least one comorbid discaddr41% had at least two or more.
Of their sample, 41.9% were diagnosed with a comdahxiety disorder, 28.2% with
ADHD, 28.1% with ODD, and only 1.4% with a depregsdisorder. In a preschool
population of children with ASDs, Hayashida, AnaersPaparella, Freeman, and
Forness (2010) found significantly higher rateslepression, with 34.3% of their sample
exceeding diagnostic cutoffs for depressive dis@rde addition, many individuals with
ASD suffer from various medical issues. These malude eating problems such as food
selectivity, sleep disturbances including diffiguiélling asleep, staying asleep, and
waking too early in the morning, and gastrointedtproblems such as abdominal pain

and constipation (Filipek, 2005).

Broader Autism Phenotype

Many individuals, particularly relatives of indiwdls with ASDs, appear to have
milder characteristics of those seen in individweth ASDs. This is generally referred to
as the Broader Autism Phenotype (BAP). BAP is dbedras "qualitatively similar,
milder phenotypes . . . thought to reflect gendiffaaeaningful expression of various
component features of autism™ among first-degreaives of individuals with autism

(Losh & Piven, 2007, p. 105). Research in this argggests that autistic traits are more



common in the general population than previoushyught and that those with a
diagnosis of ASD fall on the more severe end géecsum of naturally occurring traits
in the general population. According to Bolton et(2994), anywhere from 12% to 20%
of siblings of children with autism exhibit charaistics of BAP. Schmidt et al. (2008)
found that parents of children with autism dispthgeveral neuropsychological
characteristics of BAP including lower performamQescores and more difficulty with

non-word repetition tasks requiring phonologicarkieg memory.

Genetic Research

Research into the genetics of autism has highlegatstrong heritability factor for
the disorder, with monozygotic concordance ratagirag from 36% to 91% and
dizygotic concordance rates ranging from 0% to ZS&hmidt et al., 2008). These
authors estimate overall heritability rates for disorder to be as high as 90%.

Currently, several international projects are examny the genetic causes of
autism. The Autism Genome Project (AGP) is one sarofect focused on familial
aspects of autism. The AGP consortium includes &06rresearchers from 12
universities in Europe, the United States, and @Garsad is designed to pool participants
from all the sites meeting criteria for the projééallagher & Bolshakova, 2008b). Not
only is this a tremendous undertaking, but it soa significant source of current
genetic-related autism research. Since 2003, &s&@ working on the AGP consortium
have published over 200 peer-reviewed manuscriptutism (Farrar, 2008). Another
current international research project is The Aat&&implex Collection (TASC), which is

designed to collect medical and DNA informationabildren with autism, their parents,



and siblings for the purpose of building a repagitmf DNA information that would then
be available to current and future researchersdasted in conducting research in the area
of autism and genetics (Gallagher & Bolshakova,8A)0In light of such data from
genetic research, autism is now seen as a gemgtiedérogeneous disorder in which
multiple genes interact to create a predispositiorautism (Losh & Piven, 2007).
Genetic studies are also aiding in the developroenew models of autism
spectrum disorders and new theories about etio®ggtmari, White, and Merikangas
(2007) suggested that data from genetic studigsastipn etiological view of autism
based on the multiple risk factor model used fonyneghronic diseases. According to this
model, the prerequisite first hit would be a gemetechanism that leads to social
reciprocity deficits and would constitute the breadutism phenotype. Various types of
second hits would determine how the autism specthsorder (ASD) would present
itself along the spectrum. For example, a seconhdflstructural language deficit could
result in a Pervasive Developmental Disorder - Qtiiterwise Specified (PDD-NOS)
presentation, while a secondary hit of insistentsameness would result in an
Asperger's presentation. According to this modékse different 'hits,’ which may be
genetic, epigenetic, chromosomal, or environmeatapunt for the different types of
ASD” (Szatmari et al., 2007, p. 492). This modalldcalso explain the great degree of
variability in cognitive functioning, functional baviors, and symptom behaviors seen in

children with ASD.



Prevalence Rates of Autism Spectrum Disorders

Though once thought to be very rare, ASDs arelfasbming mainstream. The
DSM-IV TR (American Psychiatric Association, 200l9ts autism prevalence rates at 5
per 10,000 individuals. More recent publicationswbver, have suggested that the
prevalence rates for autism and other disordessifiad as autism spectrum disorders
(ASD) are on the rise. Rice (2007) reported prevaeaates for ASDs as high as 1 per
150 individuals in a study surveying over 400,00¢=8r-old children across 14 states in
the United States. In addition to confirming thieall estimate, Fombonne (2005) gave
the following as conservative estimates for varia8®s: 13/10,000 for Autistic
Disorder, 21/10,000 for Pervasive DevelopmentabBisr-Not Otherwise Specified
(PDD-NOS), and 2.6/10,000 for Asperger's DisorBates for ASDs have continued to
increase. The latest numbers from the Centers i@ad3e Control and Prevention (CDC)
show the rate of children with ASD has risen frome an 150 in the year 2000, to one in
110 in the year 2006, to one in 88 in the year 2@IBC, 2012). Autism is also largely a
predominately male disorder, with a prevalenceratifour to one for males to females
(American Psychiatric Association, 2000). Accordiaghe CDC, the rate of boys with

ASDs is now one in 54, while the rate of girls wi8Ds is one in 252 (CDC, 2012).

Cognitive Aspects of Autism Spectrum Disorders

Cognitive abilities in individuals with ASD are e&mely variable, with some
individuals on the spectrum displaying savant-Bkéinter abilities, such as being able to

mentally calculate large sums or what day of thekaae given date will fall in 30 years,



10

while others show significantly impaired cognitifegnctioning. Some of this variability
may be due to how ASDs are diagnosed; a diagnbsisperger’s Disorder (AS) is
generally given when there is an absence of cagndr language delays, while
individuals with Autistic Disorder or PDD-NOS caallfanywhere on the intellectual
spectrum. Zander and Dahlgren (2010) illustratéslitha large sample of Swedish
children, where mean cognitive profiles were sigatftly higher for children with a
diagnosis of AS than children with a diagnosisitifer Autistic Disorder or PDD-NOS.
In fact, the Autistic Disorder and PDD-NOS groujasl lvery similar mean cognitive
profiles.

In addition to diagnostic variations in cognitivalgies on the spectrum,
prevalence rates for intellectual disability (ID)individuals with autism have
historically been very high, with researchers répgriD prevalence rates in their
samples as high as 70% to 80% (Shea & Mesibov, )20 the reconceptualization of
autism as one of several ASDs, the prevalencdaat® within the ASD population has
gone down. In fact, while many children with ASD# present with intellectual
disabilities, the majority have normal or even abaverage intelligence (Klin, Volkmar,
Sparrow, Cicchetti, & Rourke, 1995). Gillberg (199%8r example, estimated the
prevalence of ID in the ASD population to only B4 There also appears to be a
generation effect impacting ID prevalence ratesdB2002) used record reviews to
show that while the ID prevalence rate was rou@6 in an ASD sample born between
1983 and 1985, it was only 22% for an ASD sampia lbetween 1993 and 1995.

While cognitive profiles for individuals with ASOend to be heterogeneous at

best, several trends have been noted in the réskt@mature. Across the spectrum, for
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example, visual/spatial processing is frequentgnsas a strength, while verbal
comprehension tasks are more common deficit afiesaés@nis, 2005). The magnitude of
this gap may depend in part on the level of ovenddillectual abilities of the individual

in question. Siegel, Minshew, and Goldstein (198&)example, found that individuals
with autism who had average intelligence showeg serall differences between verbal
and visual/spatial index scores. Within the autspactrum, individuals diagnosed with
AS tend to have relatively strong language skitid a concrete thinking style (Klin,
McPartland, & Volkmar, 2005). In addition, nonverbagnitive ability at the age of two
appears to be one of the strongest predictorsgii@ge development in 5-year-old

children with ASDs (Thurm, Lord, Lee, & Newschaffg007).

Adaptive Behavior and Autism Spectrum Disorders

According to Shea and Mesibov (2005), “a robusdifig in the research
literature on individuals with autism is that ade@tbehavior is usually markedly lower
than intelligence, particularly among those withar intelligence” (p. 294). This
appears to be true regardless of the age of thradiidl with ASD, with lower overall
adaptive skills being reported relative to 1Q frpneschool-age children to adults
(Charwarska & Volkmar, 2005). Furthermore, the aidadunctioning deficits present in
individuals with ASD are not simply the result a@lopmental delay, but appear to be a
function of the ASD syndrome itself and persistraume and development for both high
and low functioning individuals on the spectrumyktand & Tunali-Kotoski, 2005).
Perry, Flanagan, Geier, and Freeman (2009) hidielcgthis in a study of matched pairs

of children with autism and children with ID. UsiNgneland Adaptive Behavior Scales
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(VABS; Sparrow, Balla, & Cicchetti, 1984) domairoses, they identified a prototypical
autism profile (highest for Motor, followed by DgiLiving Skills, then Communication,
then Socialization). The matched children with Hdwed this same pattern, but did not
score as low in the Communication and Socializatiomains. The authors concluded
that “there are some aspects of adaptive functipwinich are especially impacted by
autism and that developmental level does not dntitetermine adaptive scores” (Perry
et al., 2009, p. 1075).

Adaptive functioning in individuals with ASDs hako been linked to language
development and severity of autism symptoms, paeity those symptoms related to
socialization and communication. Kenworthy, Casa;mis, Martin and Wallace (2010),
for example, found a strong negative associatidwdxEn autism symptom severity and
adaptive functioning in a sample of high-functianindividuals with ASDs between the
ages of 12 and 22. This finding was similar to ouotes reported by Perry et al. (2009),
who found that symptom severity accounted for di@oof unique variance in several
domain scores from the VABS, namely Socializatiod Baily Living Skills. Thurm et
al. (2007) also indicated that adaptive functionexgel was predictive of language

acquisition in 2- to 3-year-old children with ASDs.

L anguage and Communication Deficitsin Autism

Impairment in language and communication is onghefthree core features of
autism. In fact, the autism phenotype is definedh@ge communication impairments
along with social impairments, which are viewedpscific and unique deficits to autism

(Tager-Flusberg, 1999). Language delays or diffieslin language acquisition are the
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primary referral concerns for children with autigRice, Warren, & Betz, 2005).
Language acquisition varies greatly in childrenrmSDs with respect to timing and
patterns of acquisition (Tager-Flusberg, Paul, &1,@2005). Children diagnosed with
AS, for example, often do not show evidence ofyaificant language delay, while the
majority of children diagnosed with Autistic Dis@tdhave significant language delays.
Because children are usually diagnosed with ASDeatige of three or four, little is
known about the language development of childreh aiutism before that age.
Retrospective studies suggest, however, that tigribge used by children with autism is
gualitatively different from that of typically delming children as early as two years of
age (Dahlgren & Gillberg, 1989 as cited in Tagarsberg et al., 2005). Even as early as
one year of age, children with autism are lessaespe to their own names, other people
talking, the sound of their mother's voice, andensignificantly delayed expressive and
receptive language skills (Klin, 1991; Lord, 1996rd, Pickles, DiLavore, & Shulman,
1996 as cited in Tager-Flusberg et al., 2005).

Perhaps in part because autism is seen as bemglaminantly male disorder,
few studies have addressed whether the presentdtianguage difficulties differs by
gender. In a study of gender differences in corepms of autism, Rivet and Matson
(2011) examined symptoms in three populationsnitsfand toddlers, children and
adolescents, and adults with intellectual disgbiBased on the results of their study, the
authors concluded that no significant gender diffiees could be found for either the
infant/toddler or child/adolescent group on anyhaf core symptoms of autism, including
language and communication.

While language is often delayed in autism, lorgjital studies suggest that
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progress within language domains (such as vocapatat syntax) follows a pathway
similar to that of typically developing childreng@er-Flusberg & Calkins, 1990 as cited
in Tager-Flusberg et al., 2005). Although languagguisition and use is highly variable
in the autistic population, certain factors haverbknked to more favorable outcomes.
Predictors of better language acquisition and oun&include use of nonverbal skills
such as initiating joint attention and imitatiorh@man et al., 2003), IQ (Kjelgaard &
Tager-Flusberg, 2001), comprehension ability atanty age (Paul, Cohen, & Caparulo,
1983 as cited in Tager-Flusberg et al., 2005),as®nce of receptive language deficits
in early childhood (Rutter, Mawhood, & Howlin, 1982 cited in Tager-Flusberg et al.,
2005).

One landmark longitudinal study examined the d#if¢ patterns of development
between children with early diagnosed ASD and thaiie later diagnosed ASD. Landa,
Holman, and Garrett-Mayer (2007) collected datd 25 infants at high and low risk for
autism from the age of 14 to 36 months. Based oresdrom the Autism Diagnostic
Observation Schedule (ADOS; Lord et al., 2000) eli/dcal judgment, the infants were
placed into three different groups: ASD= 30), Broader Autism Phenotype (BAR)X
16), and Non-Broader Autism Phenotype (Non-BAi#P¥ 68). The ASD group was
further divided into an early ASD diagnosis grogp/én a diagnostic impression of ASD
at 14-month visit and clinical judgment of ASD att@ome visit) and a later ASD
diagnosis group (no diagnostic impression of AS@4month visit, but clinical
judgment of ASD at outcome visit). Results indicktieat the early diagnosed group was
significantly different at 14 months of age frone thther groups, including those later

diagnosed with ASD, in that they had more impasedial and communication abilities.
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At 24 months of age, social and communication impants in the early diagnosed
group were consistent with the group differenceasaat 14 months of age, whereas the
later diagnosed group did not shift away from tgpbevelopment in these abilities until
between 14 and 24 months. Data from the BAP aneB#d? groups provided evidence
for continuously distributed traits in familiesregk for ASD, rather than a discrete trait
distribution.

Landa et al. (2007) also highlighted some of th@ad and communication
characteristics of the early and later ASD diagdageups. Children in the early
diagnosed group were characterized by abnormaiitigsnt attention and initiation of
communication with others, and they lacked variettheir use of verbal and nonverbal
communication. Children in this group also dispthya inability to integrate play into
social engagement. Children in the later diagn@sedp were characterized by
seemingly typical development followed by a gradiegarture from the typical growth
pattern, including plateaus in initiation of joattention, slowed growth in acquisition of
consonants, syllables, words and word combinatiand,decreases in shared positive
affect and number of gestures used.

According to the DSM-IV TR, language abnormalitigsically seen in children
with autism can include the following: difficultyiinitiating and/or sustaining
conversations, use of stereotyped/repetitive asighcratic language, abnormal qualities
of speech (pitch, intonation, rate, rhythm), immmatgrammatical structures, and poor
language comprehension (American Psychiatric Assioci, 2000). While deficits in
these aspects of language vary across the spectrigrgenerally accepted that pragmatic

language difficulties are the "unifying feature argall children with autism” (Rice et
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al., 2005, p. 17). According to Tager-Flusberg @98ommunication and pragmatic
deficits are found to varying degrees across abagbility levels, and language levels
represented on the autism spectrum. Pragmatic rmpats can include the following: "a
narrower range of functions served by languagehlpms understanding that
communication is about intended rather than literadurface meaning, failure to view
conversations as a means of modifying and extertimgognitive environment of a
conversational partner, and failure to view navestias a means of communicating about
both events and psychological states" (Tager-Fhgsldi®99, p. 330). Belkadi (2006)
described pragmatic deficits related to compreloenund in children with autism as
well as associated impairments typically linkeghtagmatic impairment in speech
production. These pragmatic deficits included thi¥ving: limited understanding of
nonliteral sequences (metaphors, jokes, irony)r poomand of indirect speech acts
(questions), and difficulties with conversationahgentions (politeness, turn taking,
appropriate level of formality). Associated spepobduction impairments included

personal pronoun reversal, echolalia, and diffiealtising prepositions (Belkadi, 2006).

IsLanguage Truly a Core Deficit in Autism?

The place of language and communication diffieglis core deficits in autism
has been questioned by some researchers and @mtmbe a source of controversy (see
previous discussion on proposed changes to the BpNlanguay, Robertson, and
Derrick (1998) used a factor analytic approachxangine Autism Diagnostic Interview —
Revised (ADI-R; Lord, Rutter, & LeCouteur, 1994Yal&rom 63 participants diagnosed

with Autism, AS, or PDD-NOS to determine if aspeatsocial communication could be
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used to assess symptom severity in autism. A ttaeer solution composed of affective
reciprocity, joint attention, and theory of mintthhe data best. Based on their results, the
authors concluded that DSM-IV criteria for the Sdnteraction domain fit their factor
model the best, while the Communication Impairmeiaimain correlated to a lesser
degree, and the third domain, Restricted Inter@stisStereotyped Behavior, did not
correlate to a significant degree. Given that irdiials with ASD can have relatively
normal semantic and syntactic skills, the authortuded that deficits in this area
should be treated as comorbid disorders; meangtgliese disorders are often associated
with autism, but not an integral part of the disord

Robertson, Tanguay, L'ecuyer, Sims, and Waltr§®9) built on the framework
laid out in Tanguay et al. (1998) with a sampl&bfparticipants. Using the ADOS, a
factor analytic approach was again employed, withlar results. Once again, three
social communication factors were highlighted: etifee reciprocity, joint attention, and
theory of mind. In contrast to the ADI-R factor &sss, which indicated affective
reciprocity as explaining the most variance, theO¥factor analysis suggested that joint
attention was the factor responsible for the mastance. Robertson et al. (1999)
concluded that social communication was the undeglgore factor of autism and that
the differences in the factors that explained tlostwariance between the two measures
was a result of the ADOS and ADI-R assessing diffeaspects of social communication
behavior.

Constantino et al. (2004) proposed the existeheesigle, underlying factor that
results in various phenotypes across the threeareas of autism and other ASDs. Using

ADI-R and Social Responsiveness Scale (SRS; Caimsbat Gruber, 2005) data from
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226 children with psychiatric diagnoses includirep\Rsive Developmental Disorders
and Attention Deficit Hyperactivity Disorder (ADHDthe researchers performed cluster
and principal components factor analyses. Restittsedfactor analyses failed to find
evidence of independent subdomains of dysfuncticaautism and other ASDs. They
concluded that this provided evidence supportimgetkistence of an underlying factor
they termed "reciprocal social behavior" and sutggethat deficits in reciprocal social
behavior are directly related to the other subdosauch as language deficits and

stereotypic behaviors/restricted range of interests

MRI Studies of Autism and L anguage Deficits

The advent of magnetic resonance imaging (MRhretogies has allowed
researchers to study language deficits in autismit@etly observing brain structures and
electrochemical functioning. An MRI study by Herbet al. (2005) examined whole-
brain asymmetry in the brains of children with higinctioning autism (HFA) and
children with developmental language disorder (DkbBnpared to controls. They found
that cerebral symmetry patterns for the HFA and QjrBups were similar to each other,
but differed greatly from the symmetry pattern seetie control group. A nested
approach was taken, showing that while the DLD ldRA groups did not differ
significantly from controls on the level of majareg and white regions or cerebral
cortical lobes, they differed to a significant degmwhen brain areas were divided into
parcellation units. At this level, increased brasymmetries were observed in the right
cerebral cortex for both the HFA and DLD groupsijlevbnly the DLD had a decrease in

the volume of the left asymmetrical cerebral corteaveral language-related differences
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were observed, with both HFA and DLD groups shovaimgilar patterns of asymmetries
in unimodal and higher-order association cortexe @ithors concluded that these
widespread shifts in cortical asymmetry for botbugrs were suggestive of pervasive
anatomical changes that could affect connectivithiw and between hemispheres,
particularly in the higher-order association arelthe cortex.

Just, Cherkassky, Keller, and Minshew (2004) algmied that abnormal
connectivity in higher-order processes contributedspects of autism, suggesting that
the brains of individuals with HFA engage in lesgrative aspects of language
processing. Using functional magnetic resonancegimga(fMRI) technology, the authors
examined the brain activity of 17 HFA participaatsld 17 controls while they read active
or passive sentences and responded to a queskiog &sem to identify either the agent
or the recipient of the action in the sentenceuReshowed a significant increase in
activation in the posterior superior and middle penal gyrus (Wernike's area) and a
decrease in the left inferior frontal gyrus (Brecarea) for the HFA group compared to
the controls. Just et al. (2004) interpreted teiswadence of HFA individuals engaging in
a more extensive processing of single words, wéxlabiting impairment in their
comprehension of complex sentences. Harris e2@0&) found similar results in an
examination of the brain activity of 14 adult matksgnosed with ASD and 22 control
participants on tasks of semantic and perceptualgssing. The ASD group exhibited
significantly decreased brain activity in the liefierior frontal gyrus (Broca's area) and
increased activity in the left temporal region (Weke's area).

Bigler et al. (2007) examined language developrreimtdividuals with autism

and its relationship to the Superior Temporal GY&IEG). They found no volumetric
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difference between the individuals with autism &mically developing controls in the
STG; however, various differences were seen betweegroups when STG size and
function were examined. Whereas increased siz& (h &d receptive language function
was reported in the control individuals, this was the case for the group with autism,
suggesting that, though of normal size and volulme STG in the brains of individuals
with autism is disconnected from language abilityaddition, evidence of abnormal
lateralization of the language function was alssewsbed in the group with autism. These
findings are consistent with the abnormal asymmédtgralization, and cortical neural
connectivity findings of other researchers (De Eastsal., 2004; DiCicco-Bloom et al.,
2006; Herbert et al., 2005; Just, Cherkassky, Kellana, & Minshew, 2007; Just et al.,

2004; Minshew & Williams, 2007; Whitehouse & Bish@®08).

L anguage | mpair ment Beyond Pragmatics in Autism

Arelatively recent idea in the research literatigrthe study of children with ASD
who suffer not only from the pragmatic deficits aoon to ASD, but also structural
language deficits similar to those found in chifdwmth specific language impairment
(SLI). In a review of language disorders in autistapin and Dunn (2003) argued that
language impairments in children with autism hagerboverlooked because of the
samples used (verbal school-age children and amiles and the assumptions made,
such as attributing lack of speech to mental rett&wd and severity of autistic features
rather than an inability to decode auditory langudg a study of preschoolers with
autism, the authors discovered two broad categofiEsiguage deficits; one involving

reception and production of sounds of speech anthsyand the other involving
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semantics and pragmatics. The first category releh@dbmixed receptive/expressive
disorder and was found in 63% of the preschoolétts autism, whereas the second
category (termed higher order processing disonstas)found in only 37% of the autism
group. No member of the autism sample was fourtht@ typical comprehension, a
finding that appears to be consistent with moreenirresearch in language development
in young children with autism. Hudry et al. (201foy, example, examined language
comprehension and production scores for 152 predersowith autism. While language
ability varied widely across the sample, from nambal to age-appropriate, in general,
comprehension and production were both impaireativel to age norms and non-verbal
ability levels. Across the sample, receptive lamguskills were found to be more
impaired than expressive language skills, though b@re clearly impaired.

Rapin, Dunn, Allen, Stevens, and Fein (2009) atedlisupport for mixed
receptive/expressive disorder and higher ordergasing disorder in a sample of school-
age children with autism. Using a cluster analgpproach, they divided a sample of 62
children with autism between the ages of sevemamalinto four clusters based on
phonology and comprehension scores. Individuatsusters one and two both exhibited
low phonology scores, but differed on comprehendimns meeting criteria for a mixed
receptive/expressive language disorder. Individunatsusters three and four exhibited
average to above average phonology scores, batetiffon comprehension. The majority
of the sampler(= 40) fell in cluster three and met criteria fanigher order processing
language disorder. In this sample, 24% were idedti#s having “persistently and
severely impaired expressive phonologic skill” (Regt al., 2009, p. 75), while the rest

of the sample ranged from borderline to above aeena expressive phonology. The
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authors argued that this provided evidence of ipleltiypes of language impairment in
children with autism and concluded that the mayasitchildren with ASDs did not have
structural language deficits (mixed receptive/espiee) by the time they reached school
age, though higher order processing deficits weltgogesent in many.

Research by Chan, Cheung, Leung, Cheung, and Gl{20@5) also identified
structural language impairments in children wittisra. Based on nonverbal intelligence
and diagnosis, a group of 46 Chinese-speakingd6ayear-old children (19 with autism
and 27 typical) were divided into three groupshhkignctioning autismr(= 15), low-
functioning autismr{ = 4), and control( = 27). Forty-two percent of the sample was
classified as language impaired in both verbal @sgion and comprehension, and 21%
was classified with impaired expression skills. Ba¢hors concluded that children with
autism are a heterogeneous group who display vadegrees of language ability and
impairment not attributable to low 1Q, as membdrthe high-functioning group also

displayed language impairments.

Autism Spectrum Disorder s and Specific L anquage | mpair ment

Because of the various language impairments seeividuals with ASDs, a
growing body of research has begun to addressthtanship between ASD and
specific language impairment (SLI). Geurts and Egubts (2008), for example,
examined language profiles from the Children’s Camivation Checklist — Second
Edition (CCC-2; Bishop, 2003) of children diagnosdth either ASD, ADHD, or SLI.
The sample included 87 children (ages 7 to 14) digignoses of ASD or ADHD and a

second sample of 65 children (ages 5 to 7) witgribaes of ASD or SLI. They found
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that CCC-2 profiles for preschoolers with ASD wsimilar to those of preschoolers with
SLI, while profiles of school-aged children with BSnore closely matched the profiles
of school-aged children with ADHD. This differenseggests that many children
diagnosed with ASD tend to have many language itefiacluding structural language
impairment, but over the course of their developiyiey develop structural language
skills, but not pragmatic skills. Interestingly ey, impulsivity emerged as the most
powerful predictor of communication problems initlsample, regardless of group
membership.

Kjelgaard and Tager-Flusberg (2001) identifiedilbtgpe of individuals with
autism who have language profiles similar to thafsehildren with SLI, which they
believed suggested an overlapping etiology betweemwo disorders. The authors
examined the scores of 89 children diagnosed witism on language tests of
phonological, lexical, and higher order languagéteds. The children in the study
ranged in age from four to fourteen and included®&@s and nine girls. Based on scores
from the Peabody Picture Vocabulary Test — Thirdi&d (PPVT-11l; Dunn & Dunn,
1997), they divided 82 children with autism intog@ groups: normal language (S85;
n = 22), borderline language impairment (SS betw&eand 84n = 10), and impaired
language (SS < 70,= 50). Seven participants were omitted becauseditenot have
scores for all measures. he groups were then caupar various language measures
including the Goldman-Fristoe Test of Articulati@®FTA; Goldman & Fristoe, 1986),
Expressive Vocabulary Test (EVT; Williams, 1997)nical Evaluation of Language
Fundamentals - Preschool (CELF-P; Wiig, Secordegn&l, 1992), and Clinical

Evaluation of Language Fundamentals — Third Edi(©BELF-I1I; Semel, Wiig, &
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Secord, 1994). Although scores on the Goldmand&istere in the average range across
groups, the impaired group had significantly loweores than the other two groups. No
significant differences were found between groupshe EVT. The authors then
conducted a profile analysis using total scoremsftoe CELF-11l and CELF-P for those
individuals who were able to complete the testimg @4) and divided them into the
same three categories used previously: normal Egey(SS >85,n = 10), borderline
language impairment (SS between 70 and 84, n ard@)mpaired language (SS < 10,
= 21). Nonverbal 1Q data for this group showed 8iabf the 44 individuals able to
complete some form of the CELF had nonverbal IQwal80. Based on CELF total
score groupings, no significant differences wereedon articulation scores (Goldman-
Fristoe); however highly significant differencesres@oted between the groups'
combined receptive and expressive vocabulary s¢axvesage of PPVT-IIl and EVT
scores).

Kjelgaard and Tager-Flusberg (2001) concludedldraguage ability among
children with autism was heterogeneous, with sohieren presenting normal language
abilities while other children had language alahtsignificantly below what would be
expected for their age. While articulation was tieédy good across all groups regardless
of how the groups were divided, vocabulary, sencaantid syntactic knowledge varied by
group membership. Level of language impairment apgeeto be relatively independent
of nonverbal cognitive ability. Based on their pl@fanalysis, Kjelgaard and Tager-
Flusberg (2001) argued that language impaired @lavith autism matched the profile
for children with SLI and that these children hadoaerlapping SLI disorder. To further

back this claim, the authors pointed to geneticilfastudies of both autism and SLI and
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highlighted the overlap between incidence ratesHertwo disorders in families and the
connection between the two disorders and certaimnobsomes.

A recent study also highlighted similarities beéwdanguage impaired ASD
and SLI phenotypes. McGregetral. (2012) compared the lexical knowledge and
associations between syntax and lexicon in fiveigsoof children between the ages of 9
and 14. The groups consisted of children with ABBD plus structural language
impairment (ASDLI), SLI, unaffected age peers (Alhd unaffected younger children
(SM). The participants were administered recepdiveé expressive vocabulary tests, the
PPVT-IIl and EVT, as well as given 40 words theyrevi® use to produce sentences.
Results indicated that on both the PPVT-III and EWi€ SLI and ASDLI groups
performed significantly lower than the other groupsrthermore, no difference was
found between the performance of the SLI and AS@bups, or between the other three
groups. On word definitions and word associatioms ASD and AM groups
outperformed the other three groups. The autharsleded that the SLI and ASDLI
groups were very similar, except in one regard A8SB®LI group did not have a large
concrete-abstract gap on word associations, whdeSLI group did. In fact, the ASDLI
group was no different than the AM or ASD groupshiis regard.

Magnetic resonance imaging (MRI) studies have shawmerous similarities in
language-related brain structures in individualhwSD and SLI, as well as highlighted
important differences. De Fosse et al. (2004) eraththe brains of 22 boys with autism
(16 of whom also had language impairment), 9 baggribsed with SLI, and 11 male
controls. Ages of participants ranged from 6 toy&8rs of age. Using MRI brain scans,

the researchers located several unusual phenomending a reversal of the asymmetry



26

of the language-related areas of the frontal comath the language impaired individuals
from the autism and SLI groups showing greater maun the right hemisphere and the
unimpaired language individuals from the autism ematrol groups showing the more
typical pattern of greater volume in the left hgphisre. De Fosse et al. (2004) concluded
that this pattern of results was consistent witidewce for a similar phenotype between
language impairment in autism and SLI and thatréngersed asymmetrical pattern was
related to language impairment in general and petific to autism.

Hodge et al. (2010) performed cerebellum segmemtatind parcellation on MRI
scans of boys with autism, autism plus languageimpent (ALI), speech language
impairment (SLI), and normal controls. Participaraisged from 6 to 13 years of age.
They found reversed asymmetry in posterior cerab&lbule VIIIA in both language
impaired groups, but not in the language normaligso They found abnormalities in
circuits related to motor control, language procggscognition, working memory and
attention in both language impaired groups (ALI &td). White matter in the
cerebellum, however, was significantly larger ia &LI group when compared to the
SLI group, indicating possible developmental déferes between the two groups as well.

Bishop (2010) examined the potential for a shatezlogy between ASD and
SLI by examining several proposed models of getezaations. She found that a
correlated additive risks model, while able to explthe higher than chance rate of
comorbid ASD and language impairment cases, coatléiecount for differences in
performance on language measures between relafivwedividuals with ASD plus
language impairment and relatives of individualdw@8LI. The second proposed model

by Bishop (2010) was based on the notion of phenoony and posited that language
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impairment in ASD is the result of ASD risk fact@nsd therefore fundamentally different
from that seen in SLI. While this model could aaafor patterns of deficits seen in
relatives of individuals with ASD and SLI as wedl @@amorbidity, it could not account for
why certain genes (i.e., CNTNAP2) have been astmtiaith both conditions or why
only some individuals with ASD have language impaints similar to those seen in SLI.
Bishop's final proposed model integrated gene hegateractions into a modified
correlated additive risks model. Based on simutatesults, Bishop argued that the
modified correlated risks model with epistasis Wesmost reasonable because it could
account for ASD and language impairment comorbidiigve chance, similar levels of
language impairment in children with ASD plus laage impairment and children with
SLI, and predicted higher rates of language impaiivinn relatives of children with SLI
than in relatives of children with ASD plus langeampairment. She concluded that this
model supports an overlapping genetic etiologyA®D and SLI, though epistatic
interactions might make it more difficult to teamé the delicate interconnections
between the two disorders (Bishop, 2010).

The theory of overlapping etiologies between Sid ASD is not without its
critics. While some studies of ASD and SLI havenped to similar deficits in phonology,
syntax, and syntactic reception and expressioreraudies have shown differences in
oromotor skills, verbal short-term memory, andtypes of errors made during nonword
repetition between the two disorders. Williams,tBgf, and Boucher (2008) argued that
the majority of research comparing ASD with langaiagpairment (ASD-LI) and SLI
did not support an overlapping etiology. For exampthool-age individuals with SLI

tend to have mixed receptive-expressive impairmeghile school-age individuals with
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ASD-LI have higher order processing deficits (cemprehension and discourse
production) but unimpaired phonology and grammaitli@hs et al., 2008). The authors
suggested that the similarities in language dsfitianifest in ASD-LI preschool children
and children with SLI (mixed receptive-expressiedicts) were indicative of an overlap
in language impairment at a certain developmerdedtpn time rather than a shared
etiology.

Demouy et al. (2011) compared children with autiBRRD-NOS, and SLI on
various language measures to identify languagel@sand differential language
markers. The autism group consisted of 10 maledrchales, with a mean age of 9.75
years ED= 3.5). The PDD-NOS group consisted of 9 maleslafeimale, with a mean
age of 9.83%D= 2.17). Similarly, the SLI group consisted of 9lesaand 3 females,
with a mean age of 9.17 yea&)= 3.9). Results indicated vocabulary and phonology
were impaired across all three groups, while intiomavas a reliable differential marker
between the two ASD groups and the SLI group. Tkas concluded that their
findings support the position that ASD and SLI praswith different phenotypes and
have different underlying mechanisms fosteringrtfaiguage skills and development.

While much of the research comparing ASD and Shglage impairments has
used preschool or school-age samples, Riches, EpBedrd, Charman, and Simonoff
(2010) compared language deficits in adolescertts 3lil and adolescents with autism
plus language impairment (ALI). The ALI group casted of 10 males and 7 females,
with a mean age of 14.4 years and a standard daviait4.2 years. The SLI group
consisted of 13 males and 1 female, with a mearot@g.3 and a standard deviation of

7.49 years. Using a sentence repetition task, utteoes compared the two groups on
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various types of errors. While quantitatively sianiprofiles in the types of errors were
reported for the two groups, the authors arguettki@aSLI group showed greater
syntactic impairment in that they were “signifidgnmnore likely to make wholesale
changes to the syntactic structure” (Riches eRalL0, p. 56) than the ALI group. They
hypothesized that the error rate interaction disfigresent in SLI might be attributed in
part to short-term memory deficits in children w8hl. They concluded by saying that a
qualitative view of error rate analysis highligkhe difference between the two groups
and argues against the phenotypic overlap hypatliBsihes et al., 2010).

In a follow-up study, Riches, Loucas, Baird, Chanmand Simonoff (2011)
compared nonword utterances of typically develop®8lg and ALI adolescents. The SLI
group consisted of 13 males with a mean age of igads and a standard deviation of
7.26 years. The ALI group consisted of 16 males witnean age of 14.8 years and a
standard deviation of 5.77 years. While both chhgroups performed more poorly than
their typically developing peers, the ALI group petformed the SLI group in terms of
mean syllable length. The shape of the overallilgrof deficits, however, was similar
between the two groups. Much like the argument niadRiches et al. (2010), the
authors suggested a verbal short-term memory tlefight be the reason for the
difference in performance between the two clingr@ups. They also acknowledged that
the similarity in difficulties in the two clinicairoups could be construed as support for
the phenotypic overlap argument, though they stogbert of saying this directly.
Rather, they claimed, “it is difficult to make amyerences about the phenotypic overlap
between ASD and SLI purely on the basis of quantéaor qualitative differences in

performance on a single task” (Riches et al., 2018?).
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Whitehouse, Barry, and Bishop (2008) likewise ayagainst a shared etiology
between autism and SLI, though they did acknowlgtdgexistence of a language
impaired subtype of autism. Using three groups (8utism with structural language
deficits, and autism without structural languaggaite), they tested three alternate
hypotheses: 1) SLI and autism share an etiologicatlap, 2) nonword repetition deficits
in autism are due to difficulties in speech-motamvwements (oromotor), and 3) non-word
repetition deficits in autism are associated withager severity of autistic symptoms. The
SLI group consisted of 34 children (24 male andelfale) between the ages of 6 and 15
years of age. The autism groups consisted of 3drelni (33 male and one female)
between the ages of 7 and 15 years of age. Theaficssecond hypotheses were rejected
on the grounds that the SLI and autism with stmattianguage deficits groups differed
significantly on language profiles. The SLI grougdrsignificantly poorer performance
on the oromotor task and a test of verbal shom+t@emory. The SLI group also
produced more errors on the nonword repetition éasthe words became longer. The
third hypothesis was accepted on the grounds thialren from the two autism groups
who had nonword repetition deficits had significdaficits in multiple domains
associated with autism and clinically significatrustural language impairments. Based
on these results, Whitehouse et al. (2008) argusde structural language impairments
observed in children with autism were not the restian overlapping etiology with SLI,
but the result of significant impairment across tiplé domains associated with autism.

This idea that language impairment coincides wittieased impairment in
autistic symptoms has not gone unchallenged. LeVégrer-Flusberg, Dowd, Tomblin,

and Folstein (2008) compared 43 children diagnegddASD (ages 6 to 15 years old) to
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45 children diagnosed with SLI (ages 6 to 13 ye#l$to determine to what extent
clinical features of autism appear in children wsthi. Many of the SLI sample (41%)
met criteria for ASD on the social or communicatdomains of the ADI-R, ADOS, or
both. No relationship was found between Nonwordd®@gpn scores (a sensitive and
specific psycholinguistic marker for SLI), and aati symptoms, nor was a relationship
found between receptive and expressive languagestom the CELF-1ll and autism
symptoms. The two groups did not differ on frequeotlanguage deficits for those
children who met criteria for ASD on either the ABQ@r ADI social and communication
domains. Leyfer et al. (2008) concluded that tHegbngs supported the position that
severity of autism symptoms was not related tolagg ability, as suggested by
Whitehouse et al. (2008).

Loucas et al. (2008) performed one of the fewistitb compare language
impaired autistic children (ALI) to children wituasm and no language impairment
(ALN) as well as children with specific languageparment (SLI). Inclusion criteria
included a Performance or Perceptual Organizatppafl80 or greater on the Wechsler
Intelligence Scale for Children — Third Edition (8Q-11l; Wechsler, 1991). Language
impairment was defined as a score of 77 or loweReceptive, Expressive, or Total
Language scores on the CELF-IIl. Based on thigmait the ALI group consisted of 41
children (39 of which were boys), the ALN group taned 31 children (30 boys), and
the SLI group consisted of 25 children (23 boyg)es for all participants ranged from 9
to 14 years of age. Autism symptoms were measusig the ADOS, ADI-R, Social
Communication Questionnaire (SCQ); Rutter, Bailey,&d, 2003) and International

Classification of Diseases —"1®evision (ICD-10; World Health Organization, 1993)
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diagnostic criteria. Across all measures of ausgmptoms, the ALI and ALN groups
showed significantly higher levels of autistic sywps than the SLI group. Across
symptoms, the only difference between the ALI ahdNAgroups was their score on the
ADI-R Social domain score, on which the ALI grougmsed significantly higher than the
ALN group. Adaptive behavior was measured usingWhBS. On the VABS, the ALI
group scored significantly lower than the ALN graupthe Adaptive Behavior
Composite, Communication domain score, and DaNynlg Skills domain score. The
ALl and ALN groups did not differ on pragmatic larage ability, as measured by the
Children’s Communication Checklist (CCC; Bishop9&% Language ability was
measured using the CELF-IIl. Receptive and expvedanguage scores, as measured by
the CELF-I1lI, were significantly lower for the Algroup than the ALN group. When
compared to the SLI group, the ALI group had sinsleores for total language and
expressive language, but significantly lower scdoeseceptive language. Based on
these results, Loucas et al. (2008) concludedthieaAL|I and ALN groups did not differ
on current autistic symptoms or pragmatic impairtnieat the ALI group showed more
reciprocal social impairment (as measured by thé&RPbetween the ages of four and
five. The authors suggested ALI might best be regmeed as a co-occurrence of ASD and
language impairment. In other words, ALI can bestbnceptualized as the crossroads
between two distinct but overlapping sets of symyso

In addition to the debate over whether SLI and AB®related and what that
relationship looks like, researchers have examieether the presence or absence of
language impairment is specific to certain discsda®r the autism spectrum. Bennett et

al. (2008) argued that specific language impairni®iht) could be used as an indicator to
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categorize high functioning autism (HFA) versus &ger's Syndrome (AS). SLI was
defined as a score 1.5 standard deviations belewn#ttan on averaged scores from the
Grammatic Completion and Grammatic Understanditgesis of the Test of Language
Development-Second Edition (TOLD-2; Newcomer & Haithri988). Two groupings
were performed, one by clinical diagnosis and onpriesence or absence of SLI.
Participants were between the ages of 4 to 6 yedrat time one, at which time, 83.7%
(n = 38) of the children with a diagnosis of HFA wetassified as SLI, as opposed to
only 31.5% ( = 6) of the children diagnosed with AS. By compgr68 children
diagnosed with either autism or AS across mulfgaats in time, they were able to show
that grouping individuals by presence or absendargfuage impairment accounted for
greater variation at later points in time thanickhdiagnosis, though the overlap
between groupings by clinical diagnosis and presef&LI was not complete. Bennett
et al. (2008) concluded that using standardizeguage measures to distinguish between
HFA and AS diminished the lack of agreement sedvwdxn professionals, reduced
ambiguity, and created a more meaningful distimcbetween the two groups than what

is currently seen in clinical practice using just DSM-IV-TR criteria.

Profile Analysis

Profile analysis is a family of data reduction teicjues commonly used in
psychological research to classify data into digtishable groups based on common
characteristics shared by group members. In thd deautism research, various methods
of profile analysis, such as cluster analysis, Haeen used to identify subtypes of ASDs

or postulate unique or alternative categories ¢oDBM-IV-TR criteria based on
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behavioral presentation or symptom severity (BarRator, & Manjiviona, 2004, Bitsika,
Sharpley, & Orapeleng, 2008; Eaves, Ho, & Eave8418iu & Steinberg, 2009; Malvy
et al., 2004, Prior et al., 1998; Sevin et al.,38;%tevens et al., 2000; Wiggins, Robins,
Adamson, Bakeman, & Henrich, 2012). Researchers bko attempted to identify
subtypes based on more specific aspects of ASDR,asisocial interaction (Merin,
Young, Ozonoff, & Rogers, 2007), adaptive functran{Perry et al, 2009), intelligence
(Siegel, Minshew, & Goldstein, 1996), sensory diffties (Ben-Sasson et al., 2008;
Lane, Dennis, & Geraghty, 2011; Lane, Young, Bakekngley, 2010;), language
impairment (Lewis, Murdoch, & Woodyatt, 2007a; LewMurdoch, & Woodyatt, 2007b;
Rapin et al., 2009; Smith, Mirenda, & Zaidman-Za@Q7), and brain structures
(Hrdlicka et al., 2005). More often than not, tleeults of these analyses have pointed to
the expansive heterogeneity present in samplesdofiduals with ASDs rather than
defining specific characteristics that can be galiexd to the larger ASD population.
Still, the desire to find new ways of conceptualigthe autism spectrum or draw
connections between the various types of abildies$ impairments manifested by
individuals with ASD makes profile analysis a coitipg choice for studying ASDs.
Numerous types of techniques can be used for coindyarofile analyses. One
such technique is multidimensional scaling (MD®)eaploratory technique “designed
to reduce a large amount of data to a relativehpse structure that displays important
relationships in an economical way” (Mugavin, 200864) using Euclidean distance
measures. Because it is a variable-centered agptoatata analysis, rather than a
person-centered approach, the focus is on theaeships between variables not

individuals. Some of the advantages of this metholidide the ability to identify multiple
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group-specific profiles within a sample, minimasasptions (mainly that the observed
data are related to the profiles through Euclideaftidimensional space), profile match
indices for each individual, and estimates of mdidébr each individual (Ding, 2005b).
As such, it has particular appeal as a means afumimg profile analysis. Perhaps most
importantly for profile analysis applications, @rcsimultaneously represent typical
profiles of variables in the population and howiudials differ from these profiles
(Ding, 2006), something other profile techniquessrz do.

Profile Analysis via Multidimensional Scaling (PAME a relatively new
variation on MDS created by Mark Davison in 1994yi3on, Gasser & Ding, 1996).
According to Kim (2010b), PAMS differs from otheanations of MDS in that it
interprets each dimension as a profile patterreatsbf an individual construct, thereby
allowing the inclusion of multiple constructs irttee same profile. Kim (2010b) points
out two advantages to this approach to profileyamisl allowing the inclusion of multiple
constructs provides more information without theessity of rotation, and this pattern
approach provides information about individualg, jnet overall profiles. To date, PAMS
has been used to study adolescent risk behaviarsg(R Ding, 2012) and irritability
patterns (Ding, 2005a), longitudinal profile patteof math and reading skills in
kindergarten (Kim, 2010a), symptom patterns in ms@ (Sanchez-Ortuno, Edinger, &
Wyatt, 2011), risk perception in Asian culturest¥& Tsai, 2007), adult cognitive
profiles (Kim, Frisby, & Davison, 2004), and adoiemory profiles (Frisby & Kim,
2008). To date, there are no known studies using®Avith populations of individuals
with ASDs or with profiles of communication skills.

Under the PAMS model, dimensions are considere@dpmesent continuous bi-
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directional latent profiles with one end represaem prototypical profile shape and the
other its mirror image (Kim et al., 2004). The nrats set up such that each column
represents a variable of interest and each rovesepts an individual's scores on those

variables. The PAMS model uses the following equmati

— K
My =Cp + Yk=1 Opk * Atk T Ept

In this equation|T, represents the observed score of pepson test. Cyis the level
parameter, an index of the overall height of areoled profile for persop calculated
from the unweighted average of all test scorestfar personwyyis the weight for

personp on dimensiork. This person weight is an "index of the degreearfespondence
between the actual (observed) test scores of pgraad the tests' coordinates on a latent
dimension k)" (Kim et al., 2004, pp. 601-602) and is estimatgdregressing the

person's observed test scores onto the scale-waltrethe unweighted least squares
method” (p. 602)yk represents the test parameter, the coordinates(sable) of test
on dimensiork. €ptis the error term. According to Kim et al. (200 PAMS model

makes the following assumptions: the mean of tleeescin each dimension profike

equals zero, the expectation of squared correspoerdeeights is assumed to be one, the
expectation of the cross product between the qooreence weighbycand erroeyp

equals zero, and error variances are equal foests.
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Rationale for Present Study

It is clear that autism and related ASDs sharead vof core deficits dealing with
social relationships, communication and languagd,rapetitive and/or stereotyped
movements and restricted interests. The naturesiemt of these deficits, however,
tends to vary within the ASD population and evethimi the various subdomains of
ASDs. In the subdomain of language and communicdkis heterogeneity is clearly
seen, with some children on the spectrum exhibjtisgthe pragmatic deficits normally
associated with autism, while other children hawecsural language deficits in addition
to pragmatic impairment. Though no firm conclusibase been reached regarding the
relationship between SLI and ASD, current reseapgears to support language
impairment as a deficit independent of autistic gioms, but one that also co-occurs in a
significant number of individuals with ASD. Furtineore, the current research literature
suggests that disorders along the autism spectraynoe better differentiated by
presence or absence of language impairment thahrgal diagnosis alone.

Despite the evidence emerging in support of varianguage profiles for
individuals with autism and related ASDs, therenisch that remains unclear. Given that
language impairment is emerging as an importanedsion for understanding autism
and related ASDs, the present study attempts sdecgemore meaningful picture of this
relationship by examining communication profileschfidren with ASDs derived
through profile analysis via multidimensional sngl{PAMS) and then comparing these
profiles to language, adaptive functioning, cogmitiand autism symptom severity

scores. The heterogeneity of language deficits BeA8D can be problematic for
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identifying meaningful profiles through many of ttraditional methods used in profile
analysis, such as cluster analysis. These traditimethods are not suitable for the
current analysis because they cannot account torgrototypical profiles in the
population and how individuals differ from thosefiles (Kim et al., 2004). PAMS,
however, can provide both pattern information ardafile level analysis without the
usual constraints placed on clustering technigeiesh as the need for multivariate
normality, therefore providing information aboutattprofiles fit the data the best and
how individual score patterns within the sampleH#é profiles. To date, this study is the
first to apply PAMS to not only the study of comnmation profiles, but to the ASD
population as well. As such, it represents an dppdy for a unique perspective on the

relationship between communication deficits and ASD



CHAPTER 2

METHODS

The purpose of this study was to identify commutmaceprofiles of children with
ASD based on the CCC-2 as well as the relationshipese communication profiles to
external variables (cognitive and language abdjtadaptive functioning, and autism
symptom severity) and then validate those profiiag a sample of children from a
local school district. The research questionsshigly attempted to answer are as follows:

1) What specific communication profiles are suppotiaded on the CCC-2
using a clinical sample of children with autism?

2) For the communication profiles supported in thaichl sample, do they
differ based on cognitive ability, adaptive fundiiog, language ability, or
severity of autistic symptoms?

3) Are the identified profiles reliable across anotblarical sample?

4) Are these communication profiles found in the datisample of children
with ASD supported in a cross-validation samplelafdren with ASD in a
school-based community sample?

To answer these questions, a variation on multidsioaal scaling called PAMS

was used to determine the number and shape of caoroation profiles within the

clinical sample of children with ASDs, whether tbgsofiles were statistically different,
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how closely data from individual participants faah profile, and whether the identified
communication profiles in the clinical sample weoasistent with communication data
from the cross-validation community sample.

In order to achieve these objectives, the custrdy was conducted in four parts
using different samples of participants. First, ammication profiles were created using
the PAMS procedure using a clinical sample of abitbdwith ASDs (Clinical Sample A).
Second, the derived profiles’ relationship to tkeemal variables of interest (cognitive
ability, adaptive functioning, language abilityyedty of autistic symptoms) was
evaluated using the same clinical sample (Clingahple A). Third, the reliability of the
created communication profiles was evaluated uaisgcond clinical sample (Clinical
Sample B), which was drawn from the same databsee to create the first clinical
sample. Finally, the derived communication profilese validated on a sample from a
school-based community setting (Community Samplergg following sections detail

the specifics of each part of the study.

Creating Communication Profiles and Evaluating Relationship

of Profilesto External Variables

Participants
Individuals selected for the initial clinical saraClinical Sample A) used in
creating the PAMS profiles were selected from taebase of the Utah Autism Research
Program (UARP), a well-known research program siea¢ens families for eligibility in
various ongoing studies, mainly for the purposeeséarching the genetics of autism.

Participants selected for Clinical Sample A wemnesned for UARP between the years
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2004 and 2009. All participants were identifiechasing autism or ASD based on their
scores from the ADOS, ADI-R, and clinical judgmeénmta licensed psychologist.
Inclusion criteria were as follows: available diaall measures used in the study,
acquisition of verbal language, native English &peaabsence of hearing loss, and
ability to speak in sentences. Exclusion criteviadarticipation included having a known
medical or genetic condition associated with ASiicfsas Fragile X), no biological
parent available to participate, or severe sensopairments that would prevent direct
assessment. Clinical Sample A consisted of 79 @nld70 male, 9 female) ranging in

age from 5 years to 17 years, 9 montis{9.94,SD = 3.56).

M easures

The external variables of interest included cogaitibility, adaptive functioning,
language ability, and severity of autism symptovasid scores on measures in each of
these domains were requisite for inclusion in ClhiSample A.

Cognitive ability. Nonverbal and verbal cognitive abilities were assdsn
Clinical Sample A using the Differential Abiliti€dcales (DAS; Elliot, 1990). The DAS is
administered individually to assess cognitive &bsiin children ages 2:6 to 17:11. For
ages 6:0 through 17:11, it provides three clusteres (Verbal Ability, Nonverbal
Reasoning Ability, and Spatial Ability) which arsad in the calculation of an overall
General Conceptual Ability score (GCA). For agestBrough 5:11, only Verbal Ability
and Nonverbal Ability cluster scores are used toutate GCA. For ages 2:6 through 3:5,
only the GCA is calculated. For certain age groapSpecial Nonverbal Composite score

can also be calculated using the scores from threv&tbal Reasoning Ability and Spatial
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Ability clusters. The GCA and cluster scores alldha mean of 100 and a SD of 15.

The DAS was standardized on 3,475 children drawm frarious regions around
the United States. Information from the 1988 U.8n€lis was used to stratify the sample
by age, gender, ethnicity, parental educationprggand preschool enrollment. Special
education categories were also represented irathels, including learning disabled,
speech impaired, emotionally disturbed, physicafigaired, intellectually disabled, and
gifted. Using item response theory, internal cdesisy reliabilities have been calculated
for subtests (range .70 to .92), composite scoaagyé .88 to .92), and the GCA (range
.90 to .95) for each age group. Reliabilities fur Special Nonverbal Composite range
from .81 to .94 across age groups. Test-retesthiéties range from .56 to .94 for
Preschool subtests and domains and .53 to .97cfavdb-Age subtests and domains
(Elliot, 1990). Research has demonstrated thaGtb4, Verbal Cluster, and Spatial
Cluster of the DAS correlate well with the Full $a/erbal, and Performance 1Q scores
of the Wechsler Intelligence Scale for Childrerhird Edition (Dumont, Cruse, Price, &
Whelley, 1996). In addition, Aylward (1992) stathat the DAS is considerably better
than other cognitive measures, such as the Wedhstechool and Primary Scale of
Intelligence (WPPSI) or Stanford-Binet — Fourth titoh (SB-1V), for assessing children
suspected of having language difficulties, mild taéretardation, learning difficulties, or
developmental delays.

Adaptive functioning. Adaptive functioning was measured in Clinical St
using the Vineland Adaptive Behavior Scales (VAB®arrow et al., 1984) or the
Vineland Adaptive Behavior Scales — Second Edif\@BS-II; Sparrow, Cicchetti, &

Balla, 2005). The VABS and its successor, the VAB%+e widely used measures of
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adaptive functioning generally administered in misstructured interview format.
According to Sparrow et al. (2005), the VABS andB#&Il were designed to aid in the
clinical diagnosis of mental retardation as welhatism spectrum disorders, genetic
disorders, developmental delays, and emotionallbehdisturbances. Both versions of
the Vineland contain the following domains (subdoma Communication (Receptive,
Expressive, and Written), Daily Living Skills (Peral, Domestic, and Community),
Socialization (Interpersonal Relationships, Plag Beisure Time, and Coping Skills),
and Motor Skills (Gross and Fine). While all founadiains are used to calculate an
overall Adaptive Behavior Compositel (= 100, SD = 15) for children through age six,
only the first three are used to calculate this posite in ages seven through 90.

The VABS and VABS-II are perhaps the most widelgdumeasures of adaptive
functioning in psychological research today. Ird&zr reliabilities for the four domains
represented in the VABS range from .93 to .99, evtabkt-retest reliabilities range from
.95 to .99, indicating excellent reliability (Spawr et al., 1984). Concurrent validity with
other measures of adaptive functioning such as#&MD Adaptive Behavior Scale
School Edition (Lambert, Windmiller, Tharinger, 8ofe, 1981) has been evaluated and
found to be acceptable as well. Similarly, the VAB8as test-retest reliabilities ranging
from .88 to .92 across domains. Correlations betveeemain scores on the VABS and
VABS-II range from .69 to .96 though they tend t@i@ge around .70, indicating
moderately strong correlations between domain scanghe VABS and comparable
domain scores on the VABS-II. Both the VABS and \8\B have been used extensively
with children with autism (Burack & Volkmar, 199€arter, Volkmar, Sparrow, Wang,

Lord, et al., 1998; Cicchetti, Sparrow, & Rourk891; Perry et al., 2009; Schatz &



44

Hamdan-Allen, 1995; Sparrow et al., 1984). In fasing the VABS as part of the
assessment of autism spectrum disorders is copslidhest practice by experts in the
field (Klin, Saulnier, Tsatsanis, & Volkmar, 2005).

Expressive and receptive language ability. Expressive and receptive language
ability of Clinical Sample A was assessed throughous versions of the Clinical
Evaluation of Language Fundamentals: CELF-IlI (Semal., 1994), CELF-IV (Semel,
Wiig, & Secord, 2003), and CELF-P (Wiig et al., 299The CELF family of language
assessment instruments is a widely used set ofichailly administered tests designed to
measure morphology, syntax, semantics and workiegony for language. The
Preschool version (CELF-P) has an age range ab33011, while the CELF-IIl has a
range of 6:0 to 21:11, and the CELF-1V has a rasfde0 to 21:11. All three provide
scores for Receptive, Expressive, and Total Langealled Core Language on the
CELF-IV).

The standardization samples consisted of 800 @nltbr the CELF-P, 2,450
children for the CELF-III, and 2,650 children fovet CELF-1V. All samples were
stratified by age, gender, ethnicity, geographgiae, and parent education level. Internal
consistency coefficients were generally in thetd®189 range for the CELF-P, while the
CELF-IIl had coefficients ranging from .54 to .@md the CELF-IV coefficients range
from .70 to .91. Test-retest reliability coefficterfor all three instruments range from .60
to .90. Concurrent validity studies suggest thatGtELF-P correlates reasonably high
with some measures of language such as the Prddcdguage Scale — 3 (Zimmerman,
Steiner, & Pond, 1992), but not others, such ateF-R, while the CELF-III

correlates highly with the CELF-R and the Verbal &ull Scale composites of the
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WISC-III. Correlations between the CELF-IIl and kLY, however, are only moderate.
This is not surprising given that the CELF-IV deratrates better psychometric qualities
than the CELF-IIl overall as well as higher sengiand specificity. Despite the issues
present in the CELF family of tests, they are wydeded, well represented in the research
literature, and have been shown to be useful measiflanguage development in
individuals with ASD (Kjelgaard & Tager-Flusber201; Norbury, Nash, Baird, &
Bishop, 2004).

Autistic symptoms. Severity of autism symptoms in Clinical Sample Aswa
assessed through use of the Social Responsiveoalss(SRS; Constantino & Gruber,
2005). The SRS was selected to measure severiytisin symptoms because SRS data
were already available for the individuals in Gtali Sample A. The SRS is a 65-item
guestionnaire that measures social ability anemecally completed by a caregiver or
teacher. For the current study, all SRS data welteated from parents. The SRS is a
continuous measure where higher scores indicatagrievels of impairment and yields
an overall score and domain scores in the are8s@al Awareness, Social Cognition,
Social Communication, Social Motivation, and Sodf&nnerisms. The overall total
score is designed to function as “an index of sgvef social deficits in the autism
spectrum” (Constantino & Gruber, 2005, p. 721).nddactor analysis, Constantino et al.
(2004) concluded that deficits in the construcs@dial reciprocity ability is the single
most important factor to consider in autism andtexl ASDs.

The SRS was standardized on 1,636 children acevgsa studies. Internal
consistency coefficients for parent and teacheontearross studies range from .93 to .97

for the total score and .77 to .92 for the treatnseiscales. Test-retest reliability was
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established in several studies. In one such sthdytest-retest reliability coefficient
obtained for 30 clinical participants was .88, wliithe correlation between parent and
teacher agreement for 26 clinical participants W85 Constantino, Przybeck, Friesen, &
Todd, 2000). Divergent validity has been establistieough studies showing that the
SRS can reliably distinguish children with ASD framildren with other disorders
(Conway, 2007). Concurrent validity has been eshbtl with other measures of autism
symptoms, most notably the ADI-R. Constantino e{2003), for example, found that
scores from the SRS correlated highly with algoniticores from the ADI-R and
concluded that the SRS was a reliable generalamoliof autism symptoms. While the
total score for the SRS has been well-validated, still unclear whether the treatment
subscales are valid. Because they were addedladtéotal score was validated and
exhibit extremely high correlations with each otmeany question the validity and utility
of the SRS subscales (Venn, 2007).

Dependent Variable. Scale scores from the Children’s Communicationdh&t
— Second Edition (CCC-2; Bishop, 2003), were usett¢ate communication profiles
through the PAMS process. The CCC-2 was designadgess pragmatic aspects of
language as well as structural aspects and assdgsklren's communication skills in the
areas of pragmatic language, syntax, morphologyaséics, and speech. It consists of a
10- to 15-minute questionnaire completed by a ¢eee@r teacher. For the current study,
all CCC-2 data were collected from parents. The €d€intended for children ages 4:0
through 16:11 whose primary language is Englishamspeak in sentences. It provides
scaled scoresV = 10,SD = 3) for 10 scales (Speech, Syntax, Semanticsereobe,

Initiation, Scripted Language, Context, Nonverbah@nunication, Social Relations, and
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Interests) and a General Communication Compos@&J)Gcore M = 100,SD = 15).

Each scale includes five items assessing commumncdéficits and two assessing
communication strengths. The Speech, Syntax, Setsaahd Coherence scales are
designed to assess articulation, phonology, langstagcture, vocabulary and discourse.
Pragmatic aspects of language are assessed usihgtifition, Scripted Language,
Context, and Nonverbal Communication scales. TiwabRelations and Interests scales
are designed to assess behaviors generally impaidldren with autism, but not in
children with other language impairments. In additio scale scores and the GCC score,
the CCC-2 also computes a Social Interaction Defiee Index (SIDI), designed to help
identify communication profiles for children witlhutssm and children with specific
language impairment (SLI).

Psychometric properties of the CCC-2 appear tale®nt for its intended
purpose. Across all scales, raw score means andasthdeviations generally decrease as
age increases. For example, for the Speech shaley¢an score for the 4.0 to 4:11 group
was 5.6 §D = 5.0) while the mean score for the 14:0 to 1@pup was .9%D=1.9)
(Bishop, 2003). Test-retest reliability has beelswdated for three age groups: 4:0 to 6:11
(n=30), 7:0to 9:11n(= 34), and 10:0 to 16:1h €& 34). According to Bishop (2003), the
time between administrations of the CCC-2 rangethfi to 28 days; no further
information was provided as to whether the lendtelapsed time differed across the
three age groups. Reliability coefficients for BEC have been reported as follows: 4:0
to 6:11 ¢ = 0.86), 7:0 to 9:11r(= 0.96), and 10:0 to 16:1% € 0.93). Internal consistency
coefficients have been calculated for each scalelan GCC across nine age groups.

Scale internal consistency coefficients for thet4:@:11 group range from 0.52 on the
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Interests scale to 0.86 on the Speech scale, BIGIE coefficients range from 0.94 to
0.96 (Bishop, 2003). Average internal consisterasfftccients have been calculated for
each scale and range from a high of 0.79 for Catleeréo a low of 0.65 for Interests
(Bishop, 2003).

Diagnostic accuracy of the CCC-2 has been evaluatexzkamining the Positive
Predictive Power (PPP), Negative Predictive POMER), sensitivity, and specificity of
the measure. Because PPP and NPP vary as a funttios cutscore and base rate of a
disorder, various base rates were examined, ingjualiscreening base rate of 10%
(based on the prevalence rate of language disoimiechool-aged children), referral base
rates of 60%, 70%, and 80% (based on reportedrbatesefor preschool and school
referrals), and a matched sample base rate of S684q optimize PPP and NPP)
(Bishop, 2003). According to Bishop (2003), “a paiy goal in developing an
assessment is to minimize false negatives as theglkel represent children with a
disorder who remain unrecognized” (p. 43). Therfonore concern was paid to NPP
than PPP because over-identifying false positiaeshe corrected later down the line
through more extensive evaluation. Despite thipleamsis on the CCC-2 as more of a
screener, it has demonstrated its ability to réhaldferentiate between communication
impaired children and their normal language peé&tgthermore, the CCC-2 can
differentiate between subsets of communication inegachildren, such as children with

ADHD, children with ASD, children with SLI, and ddren with PLI.
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Data Collection Procedures
Data for Clinical Sample A were collected from th&RP database after
receiving approval from the University of Utah ihsional Review Board
(IRB_00042192). Inclusion criteria for this samptesisted of having valid scores for

all aforementioned measures.

Design

The PAMS procedure consisted of the following stdpsonducting a simple
MDS on the data, 2) estimating person parametgestBnating standard errors of the
scale values via bootstrapping, and 4) determistagstical significance of scale values.
(See Appendix A for SPSS syntax used to run the 84lkbcedure.) In the first step, the
matrix of persons by test scores from the firstichl samplerf = 79) was entered into
SPSS and analyzed using the ALSCAL procedure (alterg least squares scaling). The
resulting dissimilarity matrix contained squarectkdean distances between each
variable where larger values indicate greater uhgarity. Fit statistics Stress-1 and
squared correlation index scores (RSQ) were usddteymine the number of dimensions
necessary for the MDS solution. Stress-1 is arcatdr of how well the model
reproduces the data, with smaller numbers indigdigtter fit (Ding, 2005a). Kruskal
(1964) gives the following guidelines for usinge3s-1 to assess model fit: values of .20
or higher indicate poor fit, values below .10 iratee adequate fit, and values below .025
indicate excellent fit. Squared correlation indeares (RSQ) indicate what proportion of

the scaled data are accounted for by their scllesdi.e. distance measures) (Kim et al.,
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2004).

In step two, person parameters were estimateddrgssing the observed variable
scores for persoponto the variable dimension coordinate valuestetem step one
using the least squares regression method. Thesernpeeights "index the degree of
correspondence between the observed score profilersonp and the dimension
profiles as identified by PAMS" (Kim et al., 2002l,606). Each person has one person
weight index for each identified dimension. Thesespn weights were established using
the individual fit statistid3, which operates in much the same way as RSQ (i.e.
indicating the proportion of variance in the indival’s profile accounted for by the
group-specific profile). Once the number of dimensi(i.e., profiles) has been
established and person weights estimated, groupberstmp for each profile can be
determined by profile match indices (PMI), whicklizate how well the individual
matches each of the group-specific profiles (DR{@)5a).

Because ALSCAL does not provide standard erroestimate for dimension
coordinates, a bootstrapping technique was usstémthree to provide these estimates.
This procedure involved selecting one case frons#mple at random, documenting
their observed scores, returning the case to tmglea and repeating until the size of the
bootstrap sample was equal to the size of ther@igiample. This process for creating a
bootstrap sample was repeated until 200 bootstaypkes had been generated. Each
bootstrap sample was then analyzed using the simipi® method previously outlined,
resulting in 200 dissimilarity matrices.

In step four, these 200 bootstrap samples weretosagate sampling

distributions for each scale value. From these d§amgistributions, means and standard
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deviations were computed. According to Kim et 2004), this standard deviation is a
bootstrap standard error which can then be "uséldeadenominator when the original
scale-value (dimension coordinate) is evaluatedtatistical significance, stating the
null hypothesis that the coordinate value is etuél against the alternative hypothesis
that the coordinate value is not equal to 0" (|8)6The formula for this procedure is the
coordinate value minus zero divided by the bogtsstandard error estimatétests

were then used to determine statistical signifieaioc each scale value. Statistically
significant scale values were used to define atetpnet the profiles.

To determine the relationship between the idemtiiemmunication profiles
derived from the first clinical sample and extermaliables important to understanding
ASDs, the scale values of the profiles were cotedlavith observed scores on measures
from the following areas: cognitive abilities, atlap functioning, language abilities, and
autism symptom severity. The following scores wesed: Verbal and Nonverbal 1Q
scores from the DAS; Communication, Daily Livingil&k and Socialization domain
scores from the VABS and VABS2; Expressive and Riae Language scores from the
CELF family of tests; and Total scores from the SR8ltivariate regression was used to
determine the independent contribution of dimensierghts and level parameter on the
prediction of these external variables in the ideat profiles derived from the clinical

sample.
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Evaluating Reliability of Communication Profiles

Participants

Individuals selected for the second clinical sanf@lienical Sample B) used in the
reliability portion of the study came from the Utahtism Research Program (UARP)
database as well. Individuals included in CliniSaimple B had valid scores on the CCC-
2, but did not have scores for all of the other sneas, and therefore they did not meet
the inclusion criteria for Clinical Sample A. BesauClinical Sample B served primarily
to evaluate the reliability of the communicationfdes generated from Clinical Sample
A, the only required measure was the CCC-2. Simd&linical Sample A, participants
selected for Clinical Sample B were screened foRBAetween the years 2004 and
2009. All participants were identified as havingism or ASD based on their scores from
the ADOS, ADI-R, and clinical judgment by a licedgesychologist. Inclusion criteria
were: valid scores on the CCC-2, acquisition obaefanguage, native English speaker,
absence of hearing loss, and ability to speakmbtesiees. Exclusion criteria for
participation included having a known medical ongfc condition associated with ASD
(such as Fragile X), no biological parent availablg@articipate, or severe sensory
impairments that would prevent direct assessmdmtic@l Sample B consisted of 48
children (41 male, 7 female) ranging in age frogeérs to 15 years, 11 montid €

9.40,SD= 3.44).
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Measures

Scores for cognitive ability, adaptive functioniramd expressive/receptive
language ability were not available for all indivals in Clinical Sample B. The available
scores for these domains were used only for thegserof comparing Clinical Sample B
with the other samples used in this study in otdesstablish whether the groups were
equivalent in terms of their functioning in theseins.

Cognitive ability. Cognitive scores were available for only 16 of 4i8e
individuals in Clinical Sample B. For those with 8Qores, nonverbal and verbal
cognitive abilities were assessed using the DiffeaéAbilities Scales (DAS; Elliot,
1990).

Adaptive functioning. Adaptive functioning scores were available foryo?b of
the 48 individuals in Clinical Sample B. Adaptiventtioning was measured using the
Vineland Adaptive Behavior Scales (VABS; Sparrovalet 1984) or the Vineland
Adaptive Behavior Scales — Second Edition (VABSSiyarrow et al., 2005).

Expressive and receptive language ability. Expressive and receptive language
scores were available for only 6 of the 48 indinadun Clinical Sample B. Expressive
and receptive language ability were assessed thriinggClinical Evaluation of Language
Fundamentals — Fourth Edition (CELF-IV; Semel et2003).

Dependent Variable. As in the first part of the study, scale scoresfithe
Children’s Communication Checklist — Second Edif@CC-2; Bishop, 2003), were
used to create communication profiles through tiel® process for Clinical Sample B.

CCC-2 scores were available for all 48 participamtSlinical Sample B.
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Data Collection Procedures
Data for Clinical Sample B were also collected frihra UARP database after
receiving approval from the University of Utah ihsional Review Board

(IRB_00042192). Inclusion criteria for this samptisisted of valid CCC-2 scores.

Design

Using the PAMS procedure outlined above, CCC-2&lbsscores from Clinical
Sample B were used to create communication proflles following procedure was then
used to test the invariance of profile patternGbnical Samples A and B. After the
communication profiles were derived and standaxdatiens were calculated via the
bootstrap method, 95% bootstrap empirical confidentervals (BECI) were calculated,
which consisted of the 2.5 and 97.5 percentileesfuom the bootstrap sampling
distributions created for each scale value on eauolension. After calculating BECI for
each scale value on each dimension, two testtstatisere used. The firstby, tests “the
null hypothesis indicating that there is no diffeze between confidence bands of
samples A and B across coordinates” (Kim, 2010B8p. This statistic was calculated by
dividing the mean differences between the confiddrands across the ten scale
coordinates by the pooled mean standard error.rctgto Kim (2010b), if tbvis
larger than or equal to |4.472|, then accordingeaChebyshev’s rule, at least 95% (1-
1/4.47% = .95) of the data falls within 4.472 standard déuns of the standard normal
(or 2) distribution” (p. 38). In addition tobv, another test statistic was used to determine

whether the bootstrapped means for the profiledinates were significantly different
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between the two clinical samples. This involves pating the absolute mean difference
between the samples for each mean scale coordindtdividing this by the pooled mean
standard error used in calculaticigv. According to Kim (2010b), if the result is equal

1.96 or larger, the null hypothesis of invariangethe two profile patterns is rejected.

Validation of Communication Profilesin a School-Based

Community Sample

Participants

A school-based sample was used for cross-validgtioposes. This sample
(Community Sample C) was collected from a largeostHistrict from a metropolitan
city in the Western United States, and consistechdfiren receiving Special Education
services under the educational classification dfghn. Classification information for
children receiving Special Education services tglotihe school district was obtained
through their special education files. Inclusionecra included acquisition of verbal
language, native English speaker, absence of liglass, and ability to speak in
sentencesCommunity Sample C consisted of 10 children (9emalfemale) ranging in

age from 5 years to 17 yeaM € 10.38,SD= 3.70).

Measures
Aside from theSRS and CCC-2 data, which were collected spedyitat this
study, scores for cognitive ability, adaptive fuaning, and expressive/receptive
language ability were collected from the Special@&dion files of the participants in

Community Sample C. Nonverbal cognitive scores veswglable for all individuals in
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this sample; however, verbal cognitive scores, tidafunctioning scores, and
expressive/receptive scores were not availablalfendividuals in Community Sample
C. The available scores for these domains were aisigdor the purpose of comparing
Community Sample C with the other samples useHisstudy in order to establish
whether the groups were equivalent in terms of thugictioning in these domains.

Cognitive ability. Individuals in Community Sample C had been adrenesl a
variety of cognitive tests in the school settimg;liding the Differential Abilities Scales
(DAS,; Elliot, 1990), which was used in the two daisd samples. Other cognitive
measures used in the community-based sample irctthéeStanford-Binet — Fifth
Edition (SB5; Roid, 2003), Test of Nonverbal Iniggince - Third Edition (TONI-3;
Brown, Sherbenou & Johnsen, 1997), Universal Ndmaldntelligence Test (UNIT;
Bracken & McCallum, 1998), Wechsler Intelligenceaecfor Children — Fourth Edition
(WISC-IV; Wechsler, 2003), Wechsler Nonverbal Sazl@bility (WNV; Wechsler &
Naglieri, 2006), and Woodcock-Johnson IIl Test of@itive Abilities (WJIII;
Woodcock, McGrew & Mather, 2001).

The SB5 is a widely used test of cognitive abitlgsigned for individuals aged 2
years to 85+ years of age. The SB5 is organizegharéive factors taken from the
Cattell-Horn-Carroll (CHC) model of cognitive aliéis and includes both verbal and
nonverbal subtests of Fluid Reasoning, Knowledggrfitative Reasoning, Visual-
Spatial Processing, and Working Memory. The statidation sample consisted of 4,800
individuals stratified by age, gender, ethnicitgpgraphic region, and parent education
level into 30 age groups. Roid (2003) reportedrivdkeconsistency coefficients that

ranged from .91 to .98 for 1Q scores. Accordin@ton and Allin (2005), “reliability and
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validity evidence confirm the test’s utility for yshoeducational assessment” (p. 94).

The TONI-3 is a language-free test of nonverbahdoge ability designed for
individuals aged 6 years to 89 years, 11 montlegef It provides an overall standard
score for nonverbal cognitive abiliti/(= 100,SD = 15). The standardization samples
consisted of 3,451 individuals stratified by agender, ethnicity, geographic region, and
parent education level. Brown et al. (1997) rembntéernal consistency coefficients for
20 age groups, ranging from .89 to .97, with a nafa@3. According to Atlas (2001),
test-retest reliability and interrater reliabilaye strong for this test. Banks and Franzen
(2010) found moderate correlations between the F®hihd the Full Scale IQ (.78) and
Perceptual Reasoning Index (.70) scores from tHeCGAIV.

The UNIT is a test of nonverbal cognitive abilitgsigned for individuals 5 years
to 17 years, 11 months of age. The UNIT is orgahe®und two factors, reasoning and
memory, which can then be further divided into sghitband nonsymbolic categories.
The standardization sample consisted of 2,100 iddals stratified by age, gender,
ethnicity, geographic region, and parent educdgwal. Bracken and McCallum (1998)
reported internal consistency coefficients thageghfrom .91 to .93 for IQ scores.
According to Fives and Flanagan (2002), the psy&tomqualities of the UNIT are
adequate for its intended purpose.

The WISC-1V is one of the most widely used testsagnitive ability and
designed for individuals aged 6 years to 16 yedrsnonths of age. The WISC-IV
provides a number of standard scols<100,SD = 15) including a Full Scale 1Q score
and four index scores (Verbal Comprehension, PareéReasoning, Working Memory,

and Processing Speed). The standardization sampststed of 2,200 children stratified
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by age, gender, ethnicity, geographic region, arémt education level into 11 age
groups. Williams, Wiess, and Rolfhus (2003) repdbdeerage internal consistency
coefficients that ranged from .88 for the ProcegSpeed Index to .97 for Full Scale 1Q
score. Test-retest reliability was also high, vatirelations ranging from .86 for the
Processing Speed Index to .93 for the Full Scalsdgpe.

The WNV is relatively new test designed to meag@neeral cognitive ability
nonverbally. It is designed for individuals ageyeérs to 21 years, 11 months of age. The
standardization sample consisted of 1,323 indiuglst@atified by age, gender, ethnicity,
geographic region, and parent education levelidtage groups. Wechsler and Naglieri
(2006) reported an average internal consistencificieat of .91 for the full scale score.
Criterion validity was established by correlatihg WNV Full Scale score with scores
from other measures, including the WISC-1V FSI().@nd the UNIT (.73). In a review
of the WNV, Maddux (2010) felt these correlationsrevrather low, considering that
these measures (particularly in the case of thelYyiNere meant to be nonverbal
measures of ability.

The WJIII is one of the most widely used testsagjrative ability in the public
school system. It is designed for individuals agegears to 90+ years of age. The WJIII
was designed around the Cattell-Horn-Carroll (CiH@©@gdel of cognitive abilities. The
standardization sample consisted of 8,818 indivgjuacluding 1,143 preschool-aged
children and 4,783 school-aged children, stratibgdige, gender, ethnicity, geographic
region, and parent education level. Internal caestsyy coefficients are generally in the
.90s for cluster scores (Woodcock et al., 2001).

Adaptive functioning. Adaptive functioning scores were available foryodlof
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the 10 individuals in Community Sample C. Indivithua this sample had been
administered one of two tests of adaptive functignn the school setting; the Vineland
Adaptive Behavior Scales — Second Edition (VABSSiharrow, et al., 2005), which was
used in the two clinical samples, or the Adaptieh®vior Assessment System — Second
Edition (ABAS-2; Harrison & Oakland, 2003).

The ABAS-2 is a norm-referenced assessment of agafpinctioning designed to
be used with individuals from birth to 89 yearsage. It provides scaled scores for 10
skill areas, standard scores for three domainsd@atnal, Social, and Practical), and an
overall standard score for a General Adaptive Can@dGAC). Scaled scores have a
mean of 10 and a standard deviation of 3, whilesthadard scores have a mean of 100
and a standard deviation of 15. The ABAS-2 comenuiltiple forms, divided by age
group. These are: Parent/Primary Caregiver (aggs Teacher/Daycare Provider (ages
2-5), Parent (ages 5-21), Teacher (ages 5-21)Adnll (ages 21 to 89). Standardization
samples for the ABAS-2 ranged from of 750 to 1,6®0viduals, depending on the test
form. The samples were stratified by age, gendeni@ty, geographic region, and parent
education level. Average internal consistency coieffits ranged from .97 to .99 between
samples, and ranged from .91 to .98 across doniHiestest-retest reliability coefficients
for GAC were above .90 in all samples, while donsaiare coefficients were generally
above .80. According to Meikamp and Suppa (200@) ABAS-2 had relatively high
convergent validity correlations with the VABS.

Expressive and receptive language ability. Language testing was available for
only 8 of the 10 individuals in Community Samplel@ividuals in this sample had been

administered a variety of tests of language fumatig in the school setting, including the
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Clinical Evaluation of Language Fundamentals — Bokdition (CELF-1V; Semel, Wiig,
& Secord, 2003), which was used with the two clihgamples. Other measures of
language ability in the community-based sampleudet the Expressive One-Word
Picture Vocabulary Test — Third Edition (EOWPVTE3pwnell, 2000), Expressive
Vocabulary Test — Second Edition (EVT-2; Willian2907), and Peabody Picture
Vocabulary Test — Fourth Edition (PPVT-4; Dunn &ri) 2007).

The EOWPVT-3 is a widely used norm-referenceddésixpressive vocabulary
designed for individuals aged 24 months to 18 yeldrsnonths old. It provides an
overall standard score for expressive vocabulry (100,SD = 15). The standardization
samples of the EOWPVT-3 consisted of 3,661 indialdstratified by age, gender,
ethnicity, geographic region, and parent educdgwgal. Internal consistency coefficients
ranged from .93 to .98. According to Longo (20@83t-retest reliability and interrater
reliability are strong for this test. Correlatiosisthe EOWPVT-3 with other vocabulary
measures had a median of .79.

The EVT-2 is another widely used norm-referencestl @& expressive vocabulary
designed for individuals aged 2 years 6 monthtgears old. It provides an overall
standard score for expressive vocabuldty=(100,SD= 15). The standardization sample
for the EVT-2 consisted of 3540 individuals age@ & 90 years old, and 2003 children
in grades kindergarten through twelfth grade. Tdrades were stratified by age, gender,
ethnicity, geographic region, and parent educdgwal. Internal consistency coefficients
were .94 for the age norms and .93 for the grades@nd test-retest reliability
coefficient for age norms was .95. Concurrent vglidorrelations for the EVT-2 ranged

from .75 to .80 for the CELF-4 and .82 for the PPA/{Williams, 2007).
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The PPVT-4 is probably the most widely used norferenced test of receptive
vocabulary. It is designed for individuals agede2ans 6 months to 90 years old and
provides an overall standard score for receptivaabalary W = 100,SD= 15). The
PPVT-4 was co-normed with the EVT-2. Internal cetesicy coefficients were .94 for
the age norms and .95 for the grade norms. Thedtest reliability coefficient for age
norms was .93. Concurrent validity correlationstfer PPVT-4 ranged from .67 to .75
for the CELF-4 and .82 for the EVT-2 (Dunn & Dur2@07).

Autistic symptoms. A measure of the severity of autism symptoms wasionéd
for all ten of the participants in Community Sam@lén order to demonstrate
equivalence with participants in the two clinicahgples. Severity of autism symptoms in
the community-based sample was assessed usingritteegocedure as Clinical Sample
A, using the Social Responsiveness Scale (SRS;t@ume & Gruber, 2005). See
previous section for more specific information be SRS.

Dependent Variable. Structural and pragmatic language skills for Comityu
Sample C were assessed through the Children’s Caomcation Checklist — Second
Edition (CCC-2; Bishop, 2003), as were the twoickhsamples. See previous section

for more detailed information about the CCC-2.

Data Collection Procedures
To validate the communication profiles generatednfClinical Sample A, a
community-based sample of children with ASDs (ComityuSample C) was used.
CCC-2 and SRS data were collected from a sampghitfren from a local school

district who were receiving Special Education seggiunder the classification of Autism.
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After approval was received from the InstitutioRaview Board for the University of
Utah (IRB_00048072) and the participating localaahdistrict (IRB_12001), the
principal investigator obtained classification infation for children receiving Special
Education services with the assistance of an ASfgiapst working in the school district.
Based on the inclusion criteria listed above, t&Aspecialist was able to provide a list
of thirty children receiving school-based serviaeser the classification of Autism in
nearby schools. A letter containing consent forqugstionnaires and a self-addressed
envelope was then sent to the parents of thegg thildren asking if they would be
willing to participate in the research study anthptete questionnaires related to their
child’s communication abilities and autism symptoifen parents returned signed
consent forms and completed the CCC-2 and SRSigueatres; they were the only
individuals included in Community Sample C. Preg@ssessment data regarding
participants’ cognitive abilities, adaptive behayind language ability were obtained via

their Special Education files with parent consent.

Design
Using the same procedure described in step 2 dPAMS procedure, person
weights were estimated for each child in Commu8iynple C and matched against the
established communication profiles from the iniglwhical sample. Though the current
assessment protocol for assessing autism in thetéat school district now includes both
the ADOS and ADI-R, most students currently eligibhder this classification in school
districts across the country have not received,buathhave they been assessed by a

licensed psychologist. Because the methods usgdaidy the community-based
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participants as eligible to receive special edotaservices under the classification of
autism or related ASD was not standardized, SR&wlate also collected in order to
establish equivalency of the school district samaté the initial clinical sample in terms

of autism symptom severity.



CHAPTER 3

RESULTS

Char acteristics of Study Samples

Nonverbal IQ scores were used as a means of casopacross samples, as all
of Clinical Sample A, Community Sample C, and 1dividuals of Clinical Sample B
had nonverbal 1Q scores. (See Appendix B for furtfaenple comparisons on the CCC-2
and other variables of interest.) Clinical Samp]evhich was used to create the PAMS
profiles, consisted of 79 participants (70 malé&rale) ranging in age from 5 years, 0
months to 17 years, 9 monthd € 9.94,SD = 3.56). Nonverbal IQ scores were taken
from the Nonverbal Reasoning Ability cluster scoféhe Differential Abilities Scales
(DAS,; Elliot, 1990). The mean nonverbal IQ scoretfos sample was 90.56D =
20.24), the median score was 93, and the rangeooés was 44 to 133. Nonverbal IQ
scores for 15 children were below 70 (range ofa1@7#), while 64 had nonverbal 1Q
scores at or above 70 (range of 71 to 133).

Clinical Sample B, which was used to create arsg@set of PAMS profiles for
reliability purposes, consisted of 48 participadts male, 7 female) ranging in age from
5 years, 0 months to 15 years, 11 monkhs=(9.40,SD = 3.44). Nonverbal IQ scores
were only available for 16 individuals from thisygale. For these individuals, nonverbal

IQ scores also were taken from the Nonverbal Reagdkbility cluster score of the
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Differential Abilities Scales (DAS; Elliot, 1990)yhe mean nonverbal 1Q score for this
sample was 845D = 21.42), the median score was 83, and the rahggooes was 48 to
130. Nonverbal 1Q scores for three children welewée 0 (range of 48 to 65), while 13
had nonverbal 1Qs at or above 70 (range of 74 @).13

The school-based community sample (Community Sa@plesed for cross-
validation purposes, consisted of 10 participa@tséle, 1 female) ranging in age from 5
years, 0 months to 17 years, 0 montis5(10.38,SD = 3.70). A review of these
participants’ Special Education files indicatedtthaariety of cognitive measures were
used to assess the individuals used in this sampé&emean nonverbal IQ score for this
sample was 87.1660D = 19.46), the median score was 85.5, and the rahgeores was
54 to 122. Only one individual had a nonverbal 8Qre below 70. Independetntiests
were used to determine if any significant differenexisted between Clinical Sample A,
which was used to create the communication profded the other two samples used for
reliability and validation purposes. No significahfferences were found for age, sex or
Nonverbal 1Q scores between the Clinical Sampladthe other two samples. Clinical
Sample A had significantly higher mean scores tiamcal Sample B on two CCC-2
scales: Speech € 3.1,df = 125, ang <.05) and Syntaxt € 2.114,df = 125, ang <.05).
Clinical Sample A also had significantly higher mestores than Community Sample C
on four CCC-2 scales: Scripted Languaige 2.457 df = 87, andy <.05), Contextt(=
2.473,df = 87, andp <.05), Nonverbal Communicatioh<£ 2.682,df = 87, andp <.05)
and Social Relationg € 2.803,df = 87, andp <.05). The mean elevation (level
parameter) of Community Sample C was also sigmflgdower than Clinical Sample A

(t=3.609,df = 87, ancp <.01). No significant difference was found betw&RIS scores
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for Clinical Sample A and Community Sample C sugiggssimilar severity of autism

symptoms in the two samples. SRS scores were madahie for Clinical Sample B.

Creating Communication Profiles

Dimensionality

Following the PAMS procedure outlined above, peéhalysis of Clinical
Sample A began with a simple MDS run through th8SR0.0. Stress -1 and RSQ
values were as follows for solutions supporting tmfour dimensions: one dimension
(0.117, 0.963), two dimensions (0.049, 0.992),dltenensions (0.015, 0.999), and four
dimensions (0.006, 0.999). Because both two arekttiimensional models had Stress
values below 0.05, one of the criteria outlinedkoyskal and Wish (1978), further steps
were taken to ensure an appropriate MDS solutitlesS-1 values were plotted in an
attempt to determine whether a clear “elbow” wasspnt in the number of dimensions,
in much the same way that eigenvalues are plottel@étermine dimensionality in factor
analysis. While no definitive elbow was presenth@ graph, the location of the bend in
conjunction with Stress — 1 and RSQ values supgatidree dimension solution (see
Figure 1). Visual examination of the three dimenssolution also appeared to be

interpretable, so no rotation was necessary (SpaéR).

Person Parameters
After determining the correct number of dimensidhs, next step in the PAMS
procedure was estimating person parameters foriadshdual in the first clinical

sample. The level paramet€l,f was depressed for all individuals in the samypi#) a
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range of -2.8 to -0.13. The averaggewas -1.52 with a standard deviation of 0.50. Values
for the individual fit statisti®®?ranged from 0.09 to 0.96, with an average of Oréb a
astandard deviation of 0.21. In other words, theralvaccounted variance for the
observed profiles of 79 individuals was 0.65, basethree dimensions. Profile match
indices (PMI) were calculated for each individualass profiles. On the first dimension,
PMI values ranged from -0.53 to 1.43, with an ageraf 0.41 and a standard deviation
of 0.46. PMI values for the second dimension rarfgaah -0.49 to 0.92, with an average
of 0.12 and a standard deviation of 0.28. PMI valioe the third dimension ranged from

-1.03 to 0.61 with an average of 0.01 and a stahdaviation of 0.27.

Deter mining Statistical Significance of Scale-Values

Using the bootstrap method described previousl, [#fbtstrap samples were
created from Clinical Sample A. Simple MDS proceduwere performed on each
bootstrap sample, resulting in a sampling distrdyufor each of the original scale
values. The standard deviations of these samplstghiitions were then used to
determine the statistical significance of the orajiscale values. All scale values for the
first dimension were significant (at= 0.05), while Speech, Syntax, Coherence,
Initiation, and Context were significant on the@at dimension, and Coherence,
Scripted Language, Context, Nonverbal Communicatond Social Relations were
significant on the third dimension (see Table 1).

The first dimension was identified by significamgks for Speech and Syntax and
significant valleys for Nonverbal Communication @wakcial Relations, thus this profile

was titledHigh Speech vs. Low Nonverbal Communicafsee Figure 3). The second



Table 1
Scalevalues and Standard Errors Estimated from 200 BoapsReplicatec

Samples
Observed Variables Scale Values and Standard Deviations
Dimension : Dimension 2 Dimension .
Speech 1.77 (0.42) -0.84 (0.50) 1.38 (0.57)
Syntax 1.60 (0.24) 040 (0.43) -1.63  (0.62)
Semantics 055 (0.21) 0.58 (0.52) -0.76  (0.51)
Coherence -0.08 (0.17) -0.20 (0.33) -052 (0.33)
Initiation -019 (0.18) 000 (0.42) 1.32 (0.53)
Scripted Language -0.46 (0.31) 0.90 (0.53) 090 (0.41)
Context -0.40 (0.19) -0.95  (0.46) -0.01  (0.40)
Nonverbal
Communication -1.09 (0.27) -0.96 (0.53) 0.00 (0.36)
Social Relations -0.92 (0.36) -0.97 (0.66) -0.98 (0.42)
Interests -0.77 (0.26) 2.05 (0.97) 0.31 (0.60)

Notes Statistically significant sca-value estimates at= 0.05are in bold print. Standal
deviations are in parentheses
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dimension had a significant peak for Syntax andigant valleys for Speech and
Context, thus this profile was titlddigh Syntax vs. Low Contefgee Figure 4.) The third
dimension had a significant peak for Scripted Lagguand significant valleys for
Coherence and Social Relations, thus this proféds ttledHigh Scripted Language vs.

Low Social Relationésee Figure 5).

Interpreting Profile Match Indices

Because three profiles were identified, each inttial participant was assigned
three person weights (i.e. profile match indic&sjividuals with a high PMI score on
Dimension 1, for example, would be expected to fmvebserved profile very similar to
that of the first dimension profile. If an individuhad a substantial negative PMI score
for a given dimensional profile, then the indivitisi@bserved profile would be expected
to resemble a mirror image of the dimensional peafi question. If an individual had a
substantial PMI score on multiple dimension praiildhen the individual's observed
profile would resemble some linear combinationhaf timensional profiles in question.
Data from several individuals’ profiles illustratee interpretation of person profiles
versus dimensional profiles (see Figures 6, 7n8,9.

Individual #37 had a substantial positive weighttomension 1V,;= 1.08) and
small weights on Dimensions 2 and\3,& -0.14,V,;= 0.04). The proportion of
explained variance for Individual #37’s observedfie was 0.94 and the elevation of the
observed profile was depress€qsf = -1.70). Individual #52, on the other hand, had a
substantial positive weight on DimensionVg€ 0.92) and small weights on the other

two dimensions\{,;= -0.08,V,;= 0.07). The proportion of explained variance for
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Figure &6 Individual #37 observed profile superimposed onethsion 1 profile.

Individual #52’s observed profile was 0.73 and¢hleyation of the observed
profile was depresse@, = -1.17). Individual #51 had a substantial positieight on
Dimensions 1 and 3/f;= 0.52,V,s= 0.61) and a trivial weight on Dimension\2,4= -
0.01). The proportion of explained variance foritndlial #51’s observed profile was
0.79 and the elevation of the observed profile degsresseddys; = -1.37). Individual
#26 had a substantial negative weight on Dimen3ifn;= -1.03), a substantial but
smaller positive weight on Dimension\Il,{= 0.60), and a smaller weight on Dimension
2 (Vp2= 0.30. This profile is essentially a mirror imaafeProfile 3. The proportion of
explained variance for Individual #26’s observedfie was 0.82 and the elevation of the
observed profile was depresser,£ = -1.83). Individual #1 had trivial weights on all
three dimensions/; = -0.11,V,,= 0.29,V,;= 0.14), but the proportion of explained
variance for Individual #1's observed profile wa84) suggesting a very good fit
between Individual #1’'s observed profile and thembmation of profiles from all three
dimensions. The elevation of Individual #1's obseprofile was depressed as well

(Co1 = -2.80).
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Relationships Between Per son Parameter s

and External Variables

Three communication profiles were supported innthidtidimensional solution.
The next step was determining how these profileded to scores on measures of
cognition, adaptive functioning, language, andsmtsymptoms (see Table 2). The level
parameter showed significant positive correlatiith the Daily Living Skills,
Socialization, and Communication domains from tieeland ¢ = .382 and .37(,
<.01;r =.273,p < .05), as well as the Expressive Language cong@reim the CELFr(
=.224,p < .05) and Verbal Intelligence Quotient from tha®(r = .248,p < .05). The
level parameter also showed a significant negatbreelation with the SRS total score (
=-.630,p < .01). Profile 1 showed significant positive aations with all external
variables except the Daily Living Skills and Somation domains from the Vineland £
.288 ~ .495p < .01; for SRSy = .244,p < .05). No significant correlations were shown
between profiles 2 or 3 and external variablesygica significant negative correlation
was found between profile match indices for prafileand 21(=-.312,p, <.01).

In addition to examining the linear relationshigvibeen the profiles and external
variables, a hierarchical multivariate regressi@s wonducted to determine the
independent contribution of dimension weights (dénension profiles) and the level
parameter on the prediction of external variabt@es. Dimension weights and then the
level parameter were entered into the regressionesion weights explained 24.5% of
Receptive language scores, 28% of Expressive lgggseores, 22.1% of Verbal I1Q

scores, 12.4% of Nonverbal 1Q scores and 11.7%R&8 Scores. Dimension weights did



Table 2
Correlations of Person and Level Parameters witkeExal Variables

Variable C, R Vo1 Vo Vi
Expressive 0.224* 0.284* 0.483* -0.046 -0.047
language

Receptive 0.182 0.313* 0.494% -0.003 -0.142
language

Communication 0.273* 0.068 0.288% -0.093 -0.108
Daily Living

Skills 0.383* -0.042 0.105 0.006 0.140
Social 0.371 -0.117 -0.062 -0.159 0.005
Verbal 1Q 0.247* 0.279* 0.464% -0.083 -0.084
Nonverbal IQ ~ 0.140 0.279* 0.295% 0.073 0.063
Social

Reciprocity -0.630% 0.193 0.244% -0.092 0.217
Scale

Note: *p < .05, *p < .01.C,= level,V,; = variance in person parameters for profile
one,V,,; = variance in person parameters for profile t¥@,= variance in person
parameters for profile three.
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not explain an appreciable amount of variance indrihe other external variables
(range of 3.5% to 9%). The level parameter expthitte% of Daily Living Skill scores,
15.1% of Socialization scores and 40.4% of SRSescdrhe level parameter did not
explain an appreciable amount of variance in anthefther external variables (range of
1.3% to 4.1%). Together, dimension weights andllpaeameter accounted for 52.1% of

the variance in SRS scores.

Reliability of Profiles

Following the PAMS procedure, profile analysigtod reliability sample began
with a simple MDS run through SPSS 20.0. StreemdlRSQ values were 0.050 and
0.979, respectively, for a three-dimensional solu(see Figures 11-13 for Clinical
Samples A and B dimension comparisons). The learglmeter C,) was depressed for all
individuals in the second clinical sample, withaage of -2.90 to -0.13. The averdgge
was -1.49 with a standard deviation of 0.66. Valieeshe individual fit statistidR,
ranged from 0.13 to 0.94, with an average of Oriastandard deviation of 0.19. In
other words, the overall variance accounted fothieyobserved profiles of 48 individuals
was 0.60, based on three dimensions. Profile matiibes (PMI) were calculated for
each individual across profiles. On the first disien, PMI values ranged from -0.51 to
1.02, with an average of 0.69 and a standard dewiaf .33. PMI values for the second
dimension ranged from -0.98 to 0.63, with an averaig-0.13 and a standard deviation
of 0.34. PMI values for the third dimension randexn -0.75 to 0.85 with an average of
0.17 and a standard deviation of 0.33.

BECI, cbvand the bootstrap means statistic were calcufateshmples A (first
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Figure 11.Dimension 1 profiles: Clinical Sample A vs. Clini&ample B.
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78



2.00
1.50
A .|
1.00
0.50 \ P\I\-qé'/‘\
-0.50 x // k&
-1.00 / \
i\
-2.00 : ] . . ] ] . . ]
ey x g (] [ - = E o 43
v S £ =z =

== Sample A
== Sample B

Figure 13.Dimension 3 profiles: Clinical Sample A vs. Clini&ample B.

79



Table 3

Coordinate Information of Dimension 1 Profile fr@dinical Samples A and B

Dim1A Dim1B
95 % BECI 95% BECI
CCC-2 WD Pld AM
Scale Original SD M 2.5%ile 97.5%ile WD Original SD M  25%ile 97.5%ile WD Diff Var Diff
Speech 1.77 026 276 222 3.16 0.94 1.70 0.81 1.520.24 2.74 2.98 -2.04 0.36 1.24
Syntax 1.60 020 258 217 2.92 0.75 2.23 1.55 1.492.42 2.85 5.27 -4.52 1.21 1.09
Semantic 0.55 017 091 059 1.20 0.61 0.94 0.6573 0. -1.06 1.52 2.58 -1.97 0.22 0.18
Coherence -0.08 017 -014 -0.48 0.20 0.67 054 5040.27 -0.72 1.15 1.87 -1.20 0.12 0.41
Initiation 019 018 -0.32 -0.65 0.04 0.69 -1.04 93 -0.66 -2.08 1.75 3.83 -3.14 0.45 0.35
SL 046 018 -0.86 -1.21 053  0.68 -1.09  0.61 870. -1.72 0.66 2.38 -1.70 0.20 0.01
Context 040 019 -072 -112 034 078 0.05 0.30.06 -0.79 0.53 1.32 -0.54 0.07 0.66
NVComm -1.09 018 -1.68 -2.01 -1.30 071 -1.07  0.720.85  -1.69 1.42 3.12 -2.41 0.28 0.83
SR 092 018 -142 -1.75 -1.06  0.69 -0.85  0.91 610. -2.09 1.86 3.95 -3.26 0.43 0.81
Interests 077 022 -112 -156 -0.65  0.91 -1.42 .001 -0.96 -1.98 1.78 3.76 -2.85 0.52 0.15
@ 2 4
-2.36 3.87 0.57
3 ®)
-0.61 0.15

Notes Original = scale values from original sam@) = bootstrapped standard error estimatés; mean scale values from bootstrapped replicsiEs =
width between upper and lower values in 95% BEQD DIff = width difference between Samples A andfq Var = pooled variance; AM Diff = absolute
mean difference between Samples A and B; (1) =aaysecof WD Diff; (2) = PMSE; (3) sby, (4) = average of AM Diff; (5) = bootstrap meansttstatistic.
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Table 4

Coordinate Information of Dimension 2 Profile fr@dinical Samples A and B

Dim2A Dim2B
95 % BECI 95% BECI
CCC-2 WD PId AM
Scale Original SD M 25%ile 97.5%ile WD Original SD M 25%ile 97.5%ile WD Diff Var Diff
Speech 084 055 -049 -1.51 0.79 2.30 111 1.68.67 -2.01 2.22 4.23 -1.93 0.73 0.19
Syntax 0.40 043 031 -0.50 1.08 1.59 1.17 0.85 70.7 -1.30 2.16 3.46 -1.87 0.46 0.46
Semantic 0.58 058 028 -091 1.15 2.06 081  0.79.26  -1.66 1.29 2.95 -0.90 0.48 0.54
Coherence 020 033 005 -051 0.65 1.16 0.21 0.4716  -0.70 1.02 1.72 -0.56 0.17 0.11
Initiation 0.00 043 -011 -0.80 0.59 1.39 -1.30 8XD. -054  -1.64 1.20 2.84 -1.45 0.43 0.43
SL 0.90 055 0.12 -0.83 0.92 1.75 0.04 0.80 023 521  1.49 3.01 -1.26 0.47 0.11
Context 095 048 -0.17 -0.85 0.69 1.53 0.42 0.38.21  -0.47 0.79 1.26 0.27 0.18 0.38
NVComm 096 063 -0.16 -1.00 0.92 1.92 0.92 0.80.210 -1.30 1.37 2.67 -0.75 0.52 0.36
SR 097 070 -013 -1.15 1.04 2.19 1.32 1.30 0.331.96 2.02 3.98 -1.79 1.10 0.46
Interests 2.05 1.08 030 -1.57 1.68 3.25 -0.87  0.6D.44 -1.46 0.94 2.40 0.84 0.80 0.73
@ ) 4
-0.94 5.34 0.38
®3) (5)
-0.18 0.07

Notes Original = scale values from original sam@®) = bootstrapped standard error estimatés; mean scale values from bootstrapped replicsiEs =
width between upper and lower values in 95% BEQCD Diff = width difference between Samples A andRq Var = pooled variance; AM Diff = absolute
mean difference between Samples A and B; (1) =saxeof WD Diff; (2) = PMSE; (3) by, (4) = average of AM Diff; (5) = bootstrap meaassttstatistic.
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Table 5

Coordinate Information of Dimension 3 Profile frd@hnical Samples A and B

Dim 3 A Dim 3 B
95 % BECI 95% BECI

CCC-2 WD Pld AM

Scale Original SD M 2.5%ile 97.5%ile WD Original SD M 25%ile  97.5%ile WD Diff Var Diff
Speech 1.38 072 0.06  -1.07 1.13 2.21 -1.37  0.97.28-0 -1.80 1.57 3.37 -1.17 0.72 0.34
Syntax -1.63 065 -0.14 -1.09 0.95 2.04 0.84 0.91.040 -1.57 1.49 3.06 -1.03 0.62 0.18
Semantic -0.76 059 0.06 -0.93 1.06 1.99 0.51 0.58.33  -0.90 1.28 2.18 -0.19 0.33 0.27
Coherence 052  0.36 -0.03 -0.69 0.64 1.34 0.14 80.5.07 -0.86 1.09 1.95 -0.61 0.24 0.11
Initiation 1.32 053 008 -0.74 0.88 1.62 0.34 0.60.18  -1.04 1.23 2.27 -0.65 0.34 0.09
SL 0.90 037 013  -0.57 0.73 1.30 1.21 087 033 .37-1  1.46 2.83 -1.53 0.45 0.20
Context -0.01 038 -005 -0.67 0.65 1.32 030 02811  -0.67 0.42 1.09 0.23 0.11 0.07
NVComm 0.00 0.38 -008 -0.81 0.67 1.48 041 053.23  -1.09 0.84 1.94 -0.45 0.21 0.15
SR -098 042 -016 -0.87 0.64 1.51 -123  0.87 20.4-157 1.38 2.95 -1.45 0.47 0.26
Interests 0.31 061 012  -1.18 1.09 2.27 0.27 0.58.09  -0.96 1.22 2.18 0.09 0.33 0.03

@ @ 4

-0.68 3.82 0.17

©) ®)

-0.18 0.04

Notes Original = scale values from original sam@®) = bootstrapped standard error estimatés; mean scale values from bootstrapped replicHi€s =
width between upper and lower values in 95% BECD Diff = width difference between Samples A andfq Var = pooled variance; AM Diff = absolute
mean difference between Samples A and B; (1) =aaysecof WD Diff; (2) = PMSE; (3) sby, (4) = average of AM Diff; (5) = bootstrap meansttstatistic.
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clinical sample) and B (second clinical sampleg($ables 3-5). Thebv statistic was
below |4.472| for all three dimensions (-0.61, 80-D.18), indicating no statistical
difference between the 95% confidence bands obtiggnal clinical and the reliability
samples. The bootstrap means statistic was bel@gvfar all three dimensions (0.15,
0.07, and 0.04), indicating the null hypothesignwariance of the two profile patterns

was not rejected.

Validation of Profiles

Similar to Clinical Sample A, the level paramet€p)(was depressed for alll
individuals in Community Sample C, with a rangez87 to -1.60. The averagiwas -
2.13 with a standard deviation of 0.49. Valuestfierindividual fit statistid}? ranged
from 0.19 to 0.89, with an average of 0.58 anchadsrd deviation of 0.27. In other
words, the overall variance accounted for in theeobed profiles of 10 individuals was
0.58, based on three profiles. Profile match ingli¢&MVI) were calculated for each
individual across profiles. On Profile 1, PMI vatuanged from -0.13 to 1.13, with an
average of 0.39 and a standard deviation of .41.\RiMies for Profile 2 ranged from -
0.05 to 0.39, with an average of 0.17 and a stahdeviation of 0.14. PMI values for
Profile 3 ranged from -0.57 to 0.33 with an averafje.02 and a standard deviation of
0.24.

Comparisons with Clinical Sample A showed that Camity Sample C was very
similar in terms of average scores for each ofG&-2 scales used to create the
profiles, but was more depressed overall than &irsample A (see Figure 14).

Independent tests were used to determine if any significafiecinces existed between
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Figure 14 Averaged profiles foClinical Sample A an€€Community Sample .

the two samples. Significant differences were fotorScripted Languagé € 2.457 df
=87, andp <.05), Contextt(= 2.473,df = 87, andp <.05), Nonverbal Communicatiot
= 2.682,df = 87, andp <.01), Social Relationst = 2.803,df = 87, antp <.01), and leve
(t=3.609,df = 87, anch <.001) Across the variables where significalfferences wer:
noted between the two samples, Community Sampleo@ed more impairment (i.e. h.
more depressed scores). As in Clinical Sample éghty 30% of Community Sample
matched to Profile 1. No individuals in Communiign$ple C matched tcther Profiles
2 or 3, while only a few individuals matched togberofiles in Clinical Sample /
Similar to Clinical Sample A, several individuatsCommunity Sample C had profil

that were best described by a linear combinaticalldahree profiles

Post Hoc Analysis: ALI vs. ALN

Using the research standard for defining of language skilld.5 standar:
deviations below the mean, 41 children frClinical Sample Anet criteria to bt

considered language impaired based on their CElaF oore In a posthoc analysis
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Figure 15 Average profiles fopost-hoc ALN and ALI groups.

Clinical Sample A was divided into ALn =41) and ALN (= 38) groups based (
participants’ CELF scores (see Figure 15). One Q) VA was used to determir
significant mean differences between the two groups (deledé& and 7). As expecte
the ALI group showed significantly lower scores 8peech, Syntax, Semantics, i
Coherence on the CCE-expressive and receptive language scores cOEhE& and the
Communicéion domain of the Vineland. Members of the ALI gpoalso hat
significantly lower Verbal and Nonverbal IQ scomsthe DAS and loweR;?indices. No
significant difference was found between the groopsan scores on the SRS or in
elevation (leveparameter) of individual profile

In addition to examining the linear relationshigvieen the three communicati
profiles and external variables for each groupranehical multivariate regressions wi
conducted to determine the independent conion of dimension weights and the le

parameter on the prediction of external variabees. Dimension weights and then
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Table 6
Summary of Analysis of Variance of Profile Varigblgth Group Membership as the Factor
Dependent Variable SS df F sig. Comparison

High Speech vs. Low Nonverbal
Communication

High Syntax vs. Low Context 0.005 1 0.060 0.806 ALN=ALI
High Scripted Language vs. Low

2.491 1 13.521  .000***  ALN>ALI

. . 0.067 1 0.930 0.338 ALN=ALI
Social Relations
Elevation 0.725 1 3.013 0.087 ALN=ALI
R? 0.280 1 6.602 0.012* ALN>ALI
Age 12.707 1 1.001 0.320 ALN=ALI
Nonverbal 1Q 14638 1 8.850 0.004**  ALN>ALI
Verbal 1Q 77997 1 86.264  0.000***  ALN>ALI
Social Domain 0.128 1 0.145 0.708 ALN=ALI
Daily Living Skills Domain 3.946 1 3.124 0.081 ALN=ALI
Communication Domain 18.617 1 18.369  0.000*** ALN>ALI
Social Reciprocity Scale 0.009 1 0.009 0.924 ALN=ALI

Notes SS = sums of squaredf;= degrees of freedom; sig. = statistical signifma *p<.05;
** p<.01; ***p<.001

Table 7

Summary of Analysis of Variance of CCC-2 Scalds @ibup Membership as the Factor
CCC-2 Scale SS df F sig. Comparison
Speech 8.208 1 6.815 0.011* ALN>ALI
Syntax 13.620 1 12.486 0.001*** ALN>ALI
Semantics 4.290 1 6.600 0.016* ALN>ALI
Coherence 2.254 1 4.030 0.048* ALN>ALI
Initiation 0.030 1 0.051 0.822 ALN=ALI
Scripted Language 0.028 1 0.041 0.839 ALN=ALI
Context 1.118 1 2.487 0.119 ALN=ALI
Nonverbal Communication 1.842 1 2.833 0.096 ALN=ALI
Social Relations 1.168 1 1.800 0.184 ALN=ALI
Interests 0.327 1 0.376 0.542 ALN=ALI

Notes SS = sums of squaredf,= degrees of freedom; sig. = statistical signifima *p<.05;
** p<.01; ***p<.001.
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level parameter were entered into the regressiotind ALN group, dimension weights
explained 12.5% of Receptive language scores, 14fFA&pressive language scores,
and 30.1% of SRS scores. Dimension weights digerplain an appreciable amount of
variance in any of the other external variableageaof 0.9% to 5.8%). The level
parameter explained 11.6% of Daily Living Skill ses, 14.9% of Socialization scores
and 34.7% of SRS scores. The level parameter didxpdain an appreciable amount of
variance in any of the other external variableageaof 0.1% to 3.4%).

In the ALI group, dimension weights explained 24.68&Receptive language
scores, 34.5% of Expressive language scores, 1df DYaily Living scores, 19.4% of
Socialization scores, 17.7% of Verbal 1Q scoresl, H5% of Nonverbal 1Q scores.
Dimension weights did not explain an appreciableam of variance for
Communication scores (4.6%) or SRS scores (4.3%@.1dvel parameter explained
12.5% of Daily Living Skill scores, 11.6% of Verld§) scores and 35.8% of SRS scores.
The level parameter did not explain an appreciabieunt of variance in any of the other
external variables (range of 1% to 9.4%). Dimensuights and level parameter
combined to account for 64.8% of the variance ilsSRBores in the ALN group, while
only accounting for 40.1% in the ALI group (mairye to the contribution of the level

parameter).



CHAPTER 4

DISCUSSION

The present study applied profile analysis viatidimensional scaling (PAMS)
to create communication profiles for children watlitism based on the CCC-2, which
assesses pragmatic and structural aspects of ligagile other research has used
various profile analytic techniques, particularlyster analysis variations, to identify
subgroups of individuals within the autism spectrtmndate this is the first study to
apply the PAMS approach to developing specific camication profiles for children
with ASD. The advantage of the PAMS approach oteeroprofile analytic techniques is
that it provides information about each individiradluded in the analysis as well as the
overall profiles of the group. Once these profilese developed, this study explored the
relationship between the identified communicatioofipes and external variables of
interest in the study of ASD, namely estimatesarbal and nonverbal intelligence,
adaptive functioning skills, expressive and recepkanguage skills, and severity of ASD
symptoms. This study then assessed the reliabilitige derived profiles in a second
clinical sample and finally, attempted to validdte PAMS-derived communication

profiles in a real world setting using a schooldthsommunity sample.
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Creating Communication Profiles

Using the PAMS procedure outlined earlier, a tld@eension solution was
supported, indicating that three communication ifgefshould be retained. Because the
ten scales of the CCC-2 were used to create thencmmcation profiles, interpretation of
the profiles was based on the language constrastemted with each of these scales to
develop a better understanding of the constellaifdanguage-related strengths and
weaknesses relevant to each profié.values were used to determine how well each
individual fit the three dimensional model. &Rf value of 0.60 or higher indicated a
reasonable fit to the model, with higher valuetexting better overall fit with the model.
Of the 79 individuals in the first clinical samp#9 (62.0%) hadR? values of 0.60 or
higher. WhileR? values were used to determine how well an indiiditi the three
dimensional model as a whole, values of profileanandices (PMI) were used to
determine how well an individual fit a specific file. An individual was said to match a
profile if they had PMI value of 0.60 or higher fiwat profile. Profile 1 had the highest
number of individuals matching to i € 27), followed by Profile 3n(= 4), then Profile
2 (n = 3). Fifteen other individuals h&f values of 0.60 or higher, which indicated a fit
to the three dimension model, but they did not imédcany of the profiles, indicating that
some linear combination of the three profiles laesbunted for those individuals’
communication skills.

Interpretation of the three profiles was basedhenstatistically significant scale
values from each profile which were obtained vialtootstrapping procedure used as

part of the PAMS process. Profile High Speech vs. Low Nonverbal Communicgtion
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was characterized by individuals exhibiting fewldems with the grammatical structure
of language or the quality of their speech produrc{i.e., no articulation errors, relatively
fluent speech, etc), but many problems with saeftions (i.e., teased by others, trouble
showing concern or interest in others, anxious radaethers) and nonverbal
communication (i.e., gestures, body language, aespyas, proximity). The second
profile, High Syntax vs. Low Contextas characterized by individuals who have may
have a few problems with syntax and grammar, but sifow marked deficits in the
quality of their speech, such as fluency or sourndiyction, and struggle to understand
or use humor, or may be too literal. The third ppeoHigh Scripted Language vs. Low
Social Relationswas characterized by individuals who have fevbf@mms with over-
precise language or using phrases inappropriatebyioof context, but who are still not
easy to understand, possibly because they do aweiderbackground information for
what they are talking about or wander between thtsugnd ideas. Perhaps as a result of
this, they struggle with relating to others.

The first profile,High Speech vs. Low Nonverbal Communicatwas the easiest
to interpret. Individuals matching to Profile 1 weslder { = 2.477,df = 77,p <.05) with
a mean age of 11.28D = 3.36) compared to the rest of Clinical SampldA= 9.23,SD
= 3.50). This profile appears to be consistent withresearch literature on language
skills in school-aged children with ASD (i.e., @aly intact structural language with
poor pragmatic language). Geurts and Embrechts8j2@8 example, found school-aged
children with ASD to have intact structural langaagmpared to their pragmatic
language skills, while preschoolers with ASD extadicomparable deficits across both

structural and pragmatic language skills. LikewRapin et al. (2009) found that most
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children with ASD did not have structural languaggairments by the time they reached
school age. While values for Speech and Syntax stéreelatively low for participants
matching Profile 1 (SpeedscoreM = .0257,SD = .894; Syntax scoreM = -.118,SD =
.591), these values were much higher than the etilaes along this profile, indicating
relatively intact structural language in comparisoheir pragmatic language skills.
The second and third profiledigh Syntax vs. Low ContesttdHigh Scripted
Language vs. Low Social Relationsre not as easy to interpret as the first profile.
Though both profiles were supported in the dimemasianalysis, very few individuals
matched either of these two profiles, nor was tlaeckear description of these profiles in
the research literature. Given that the reseatetature has generally focused on
examining either a common ASD communication prafiiéanguage profiles based on
the presence or absence of structural languaganmgats, it is not surprising that these
two profiles are unique to this study. More conaggns the fact that neither profile was
well matched in Clinical Sample A. The fact thatlbprofiles had a few individuals that
matched to them suggests that these profiles agstent with real communication
profiles for some individuals with ASD and not jgsatistical anomalies. Their lack of
greater support in the sample suggests that thaetimay be relatively rare
communication profiles within a low incidence digip population of children with
ASD or may be indicative of the incredibly divers@ge of communication abilities

among individuals with ASD.
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Relationship Between Person Parameters and External Variables

Elevation of individual communication profileseitified by the level parameter,
was positively correlated with expressive langusgmes, verbal IQ scores, and adaptive
functioning scores (Communication, Daily Living #kiand Socialization) in Clinical
Sample A (see Table 2). In other words, individwalh high scale scores on the CCC-2
tended to have better expressive language, higltbalviQs, and better developed
adaptive functioning than those with lower sconeshie CCC-2. While it may not be
surprising that the elevation of profiles basecaa@ommunication measure (CCC-2) was
positively correlated with other measures alsoitappspects of language (e.qg.,
expressive language, verbal 1Q), it is interestongote that the two adaptive functioning
areas not directly linked to language or commurocaiDaily Living Skills and
Socialization) also shared this positive correlatiwhile receptive language was not
significantly correlated at all with profile elevat. Likewise, elevation shared a
relatively strong negative correlation with SRSrespwhich indicates that individuals
with higher elevated communication profiles tentiedlave lower SRS scores. This
suggests that individuals with better developedcstiral and pragmatic language skills,
as indicated by their scores on the CCC-2, shoegsidevere autism symptoms. At first
glance, this appears to be in contrast to the osiah reached by Leyfer et al. (2008),
who found that autism symptom severity was indepahdf language skills, but
consistent with the results reported by Whitehatsa. (2008), where language
impairment was found to be related to impairmends€ multiple autism domains. On

closer examination, whether the results of theenurstudy are discrepant with the results
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of Leyfer et al. (2008) seems to be a matter @rpreetation. In the present study,
correlations between receptive and expressive sé¢aym the CELF and the SRS were
not significant, a finding that is consistent wilie results from Leyfer et al. (2008)<
.001,df =77,p=.994;r =.010,df = 77,p = .931, respectively). Like the correlation
between profile elevation and the SRS, the coiogldietween the Global
Communication Composite score from the CCC-2 ardStRS was significant € -.510,
df = 77,p <.001), a finding that is consistent with Whitebetet al. (2008). This suggests
that autism symptom severity may not be relatestriactural language deficits, but rather
autism symptom severity may be related to moreajlobmmunication deficits (i.e. both
pragmatic and structural deficits).

Because so few individuals matched to Profiles 2,anean comparisons were
only done with those that matched to ProfilenE(28) versus those who did not<£ 51).
Independent tests between these groups indicated that indisdmatching to Profile 1
had significantly higher scores for receptive laagg ( = 3.998,df = 77,p <.001),
expressive language#£ 4.131df = 77,p <.001), verbal 1Qt(= 3.069,df = 77,p <.01),
and nonverbal 1QtE 2.387,df = 77,p <.05). This means that individuals who matched
to Profile 1 exhibited higher receptive and expreskanguage ability than those
individuals who did not match to this profile, aslixas better developed verbal and
nonverbal cognitive abilities. While a small posgticorrelation (see Table 2) was found
between SRS scores and Profile 1, results of thepi@ndent tests failed to show a
significant difference between group means 1.802,df = 77,p = .075). This suggests
that while individuals who matched to Profile 1 wenore likely to exhibit more severe

autism symptoms on the SRS, there was no meanidifetence in symptom severity
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between Profile 1 and the rest of the clinical sieamipurther research using a larger
sample would be needed to determine whether thaseiw fact, a reliable link between
Profile 1 High Speech vs. Low Nonverl&2dmmunication) presented here and autism

severity.

Reliability of Profiles

Two statistical testbvand the bootstrap means statistic) were usectahe
invariance of the three profiles derived through BAMS process using Clinical Sample
A and Clinical Sample B. The two samples diffenederms of sample size € 79 andch
= 48 respectively) and had statistically significdiiferences in scores for the Speetch (
=3.100,df = 125,p <.01) and Syntax € 2.114 df = 125,p <.05) scales from the CCC-
2. The Clinical Sample A had higher means for [sathles, indicating less structural
language impairment than was reported for indivislimClinical Sample B. Visual
representations of the profiles likewise appeaodaket different (see Figures 11 - 13),
particularly on Dimensions 2 and Bigh Syntax vs. Low ContexihdHigh Scripted
Language vs. Low Social RelatipnBespite the apparent visual differences betwieen
two clinical samples and the higher structural leage scores in Clinical Sample A, both
test statistics supported invariance for all thpasiles across the two samples meaning
that the three profile solution derived from theMP procedure in Clinical Sample A
was successfully replicated in Clinical Sample 8spite the differences in sample size
and CCC-2 scale scores. The fact that invarianseswpported despite these differences
suggests it is likely these results are generdizbother clinical ASD samples of

children that might be used for this purpose. Waethvariance would be supported in
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community samples, which may not be as tightly aletd as clinical samples, remains

unknown.

Validation of Profiles

Community Sample C had a very similar, though sicgutly more depressed,
communication profile to that of Clinical SampldtA= 3.609,df = 87,p < .001). The two
samples showed no significant differences in tesfregge { = .366,df = 87,p = .715),
individual fit statistics (= 1.261,df = 87,p = .369), profile match indices (PMIfi=
.135,df = 87,p = .893; PMI21 = .593,df = 87,p = .555; PMI3t = .078,df = 87,p =
.938), or severity of autism symptoms=(1.636,df = 87,p = .105). Individuals matching
to Profile 1 High Speech vs. Low Nonverbal Communicgtieere proportionally
similar between groups: Profile 1 accounted fo2%3¢of Clinical Sample A and 30% of
Community Sample C. Though no individuals in thenawunity sample matched to the
second or third profiles, this may be due to thieegmely small sample size of the school-
based community sample, since a very small pramodf individuals matched to Profile
2 or Profile 3 in the larger clinical samples.situnclear how large of a community
sample would be necessary to include individuads tiay match to Profiles 2 or 3.
Similar to Clinical Sample A, roughly 20% of thenemunity sample was best accounted
for by a linear combination of profiles (18.99%Gi#inical Sample A and 20% in
Community Sample C). Though small, the communitygla appeared to capture
similar qualities to the first clinical sample erins of pragmatic and structural
communication profiles, particularly for Profile 1.

While no difference was found in autism symptomesity (as measured by the
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SRS) between Clinical Sample A and Community Sar@pline overall communication
profile elevation of the school-based community giemvas significantly more
depressed than the clinical sample, suggesting#réitipants in Community Sample C
had more impaired communication skills on aver&ga the participants in Clinical
Sample A. This may be due in part to the clasdiboedifferences between the two
samples. In the public education system, Speciat&ibn classifications such as Autism
are based on whether the child needs additiongastspto achieve success either
academically, socially or both. Classification @mmonly based on what is the most
pressing problem for the individual from an edumadil standpoint. While many children
with high-functioning autism carry an educationialssification of Autism, other
common classifications can include Emotional Distunce and Specific Learning
Disability. Lower functioning children with autismay be classified under Intellectual
Disability or, if they are below the age of 8 yeddgvelopmental Delay. Therefore, it is
possible that the children with Special Educatil@ssifications of Autism in the schools
may represent a more restricted range of childréim autism than is actually the case in
the general population. Further research compah@gommunication profiles of
individuals with ASD being served under a varietyspecial Education classifications

would need to be conducted in order to determinethdr this is the case.

Post Hoc ALN vsAL I Comparisons

Post hoc analyses using the methods and critefirzedan the research literature
for identifying language impairment in individualsth ASD were conducted to tie the

findings of this unique exploratory study to thelp@f research in this area. Based on
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the research criteria for structural language impant (expressive and/or receptive
language scores 1.5 standard deviations below ga@)na little over half of Clinical
Sample A = 41) was identified as ASD with language impaini@Ll), and the
remainder (n = 38) were identified as ASD withanduage impairment (ALN).
Individuals who matched to Profile High Speech vs. Low Nonverbal Communicgtion
tended to fall more in the ALN category than the Aategory; in fact, 68% of the
individuals matching to Profile 1 fell in the ALNategory. This makes sense, as Profile 1
was identified by relatively high Speech and Syrgeares, which would be more likely
among those without a language impairment. Whaoisas clear is why 32% of those
individuals matching to Profile 1 fell in the ALAtegory. Perhaps the most likely
explanation is the difference between measuringptce and expressive language
through the CELF, used to define ALI, and measusingctural and pragmatic language
with the CCC-2, which was used to create the comeation profiles. While both
assessment tools measure language constructseiyisikely that they capture
somewhat different aspects of language. Furthernsomges for the CCC-2 are based on
parent ratings, while the scores from the CELFxa®ed on a series of structured subtests
administered by a clinician. All three individuatsClinical Sample A who matched to
Profile 2 High Syntax vs. Low Contéxell in the ALN category, along with only 1 of

the four individuals who matched to ProfileRidh Scripted Language vs. Low Social
Relation3. Of the 15 individuals in Clinical Sample A belgtscribed by a linear
combination of the three profiles, 5 fell in the Ricategory. Of the 30 individuals in
Clinical Sample A who did not match to any of thiefgles or linear combination of the

three profiles, 21 fell in the ALI group. Overdfrofile 1 had the most overlap with the
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ALN group. Given that ALN is defined by relativeilprmal structural language and
relatively intact structural language was a defyni@ature of Profile 1, this overlap
between the two appears to be reasonable. Itasesting to note that ALI, on the other
hand, was better represented in Profile 3 andileal combination of profiles, and was
predominate among those individuals who did notchnany profile. A potential
explanation for this may have to do with the dieerange and severity of language-
related symptoms that are possible in the overtdwden ASD and SLI. If ALl is truly a
crossroads between ASD and SLI, the overlap caelate an even more heterogeneous
group of individuals than that present in indivitbluaith ASD alone.

No significant differences were noted between thdlAand ALI groups in
elevation of profiles (see Table 6). This sugg#sts on average, the profiles of ALN and
ALl group members were equally depressed. Thetlfettcertain profile points were
significantly different between groups and certaiafiles matched better to the ALN
group suggests that the specific areas of commumncenpairment differed between
groups, a fact that was masked by the averageedddbres marking each profile. Despite
the fact that more than half of Clinical SampledAild be identified as ALLI, individual
profile match indices for ALI individuals were sifjnantly lower than for individuals
identified as ALN. ALIR?indices were also significantly lower. While thencection
between the ALN group and Profile 1 was quite ¢léwa lower PMI andR?indices in
the ALI group provide further support for ALI asreore heterogeneous group.

Consistent with the findings of Loucas et al. (2008ceptive and expressive
language scores were significantly lower for thd gtoup than the ALN group.

Likewise, the only CCC-2 scales that the two grodiffered on were the structural
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language scales, a finding consistent with theditee suggesting ALI functions as an
overlap between two separate disorders, ASD andT3id ALI group also scored
significantly lower than the ALN group on the Commization domain from the
Vineland. This is similar to the results of Josefdger-Flusberg, and Lord (2002) who
found that communication functioning based on tben@unication Domain score from
the ADOS was related to verbal 1Q (VIQ) scores, mttnonverbal IQ (NVIQ) scores.
While the ALN group in the current study had sfgpaintly higher VIQ and
NVIQ scores than the ALI group, Loucas et al. (200@y reported a significant
difference between groups on VIQ scores. This neaglle to the fact that Loucas et al.
controlled for NVIQ group differences by only inding individuals who had a NVIQ
score of 80 or higher in their analysis. The curstady did not control for this and 25
individuals with NVIQ scores below 80 were includadClinical Sample A. Twenty of
these 25 individuals were classified ALI. The meéthe ALN group’s NVIQ was 67
(SD=9.56), while the mean of the ALI group’s NVIQ sv&6 SD= 11.06). Independent
sampleg tests confirmed there was no significant diffeeshetween the groups in terms
of NVIQ, or inR? elevation of Profiles 2 or 3. The only significatifference between
the two groups’ NVIQ scores was found for Profilenth the ALI mean of 0.136
significantly lower than the ALN mean of 0.669. fedi samplestests were also run to
determine the relationship of VIQ to NVIQ withinetlwo groups. Within the ALN
group, no significant difference was found betw&#@ and NVIQ ¢ = 0.833,df = 37,
andp <.05), while the ALI group had a significantly lemVIQ than NVIQ mean
(t =-5.287df = 40, andp <.000). Based on these analyses, the ALN group dlatively

evenly developed VIQ and NVIQ scores that were éighan the ALI group scores,
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while the ALI group had lower VIQ and NVIQ scoreben compared to the ALN group

in addition to having significantly lower VIQ scaréhan NVIQ scores. This suggests that
the overall difference in NVIQ between the ALN akld groups was not a result of low
IQ per se, but rather that lower NVIQ may be adathat coincides with lower structural
language abilities.

As in Loucas et al. (2008), no significant diffieces were found between the ALI
and ALN groups in terms of severity of autism syomps (see Table 6), supporting the
theory that ALI can best be conceptualized as thestoads between two distinct but
overlapping sets of symptoms. In light of the gralifferences in VIQ and NVIQ scores,
this suggests that autism symptom severity is iaddpnt of cognitive functioning, as

measured by standard IQ tests.

Limitations

The present study contains several limitations. ddraparability of the samples
used in this study is somewhat questionable, aipfeimeasures and versions of
measures were used from sample to sample. In @liS@mple A, for example, both the
Vineland and Vineland Il were used to assess agapinctioning, while three different
versions of the CELF were used to assess expressd/eeceptive language skills.
Although the two versions of the Vineland and thieé versions of the CELF are highly
correlated, any differences between versions afemeeasures may contribute to
differences between the participant samples.

Another limitation has to do with the range of agéthe participants in this

study. While many studies of language in individualth ASD have used a more
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restricted age range, the samples used in thentwetiedy had an age range of 5to 17. It
is possible that different pragmatic or structlaalguage components are more impaired
at different ages for children with ASD, and ussugh a broad age range may mask
some of these effects in the profile analysis. Beeahe CCC-2 is age-normed, however,
this should be accounted for to some degree bygtrelardized scores derived from the
CCC-2. When Clinical Sample A was divided into ggeups for comparison, the
younger age groups tended to have similar scoressascales, while the older groups
had somewhat different scores, particularly for$ipeech and Syntax scales (see
Appendix B). This suggests the possibility that caumication profiles may differ across
ages which was not specifically addressed in theentistudy.

Another limitation has to do with the comparisomwasures used to assess
aspects of language. The CCC-2 is based on pagoitty which can be seen as less
reliable than what might be found through a statidad clinical evaluation. That being
said, standardized, clinician administered tesggragmatic language are in short supply
and suffer from their own set of problems, nambb difficulty of accurately measuring
pragmatic impairment through a structured test &irim many ways, the CCC-2 is
superior to this type of assessment of pragmatiicdities because it assesses the
everyday use of language skills in a natural sgttather than what can be observed
during the course of a relatively brief testingsses in a somewhat artificial testing
environment. Because parents tend to see thedrehirespond to a variety of situations
and spend more time with them, a parent-reportcdbassasure such as the CCC-2 may
be a more reliable indicator of difficult to assémsyuage aspects like pragmatic

language.
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Another set of limitations has to do with the nataf the samples used in this
study. By their very nature, clinical samples témduffer from selection bias. In the case
of the clinical samples used in this study, itesgible that they are not representative of
children with ASD as a whole. Families seen at U/AdRE®generally families from the
local geographic area. Some of these families esspaestrong belief that contributing to
research will benefit either their child or futigenerations, while others see this as an
opportunity to receive a free assessment to determhether their child is on the
spectrum. It remains unknown how self-selectiothote families who participated in
the UARP may have impacted the constellation adeladinical samples in comparison
with other families of children with ASD.

The school-based community sample was extremelyl sthan compared to the
sample sizes generally used in conducting profilyssis research. The small size of the
community sample was the result of a number obfaancluding the relatively short
time in which the data were collected, low incidenate of individuals with ASD
receiving services through the public school systexter the classification of Autism,
difficulty gaining access to data on individualgsmwASD within the public school
system, and the lack of standardized proceduresskessing and classifying individuals
with ASD within the public school system, all of wh make targeting this school-based
population challenging. The CCC-2 and SRS dataedlsas the information from Special
Education files used in the community sample wetkected over the course of a few
months, while the data used in the two clinical gia® had been collected over the
course of 5 years. Because ASD is a low incidemabdity, large participant samples

are difficult to obtain outside of large fundedeasch projects like UARP.
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Despite the rapid increase in the number of indigld being diagnosed with ASD
over the past 10 years, the actual number of @nlaith ASD receiving Special
Education services through the public school systmains relatively small. In a study
examining changes in the administrative preval@i@sD, Pinborough-Zimmerman et
al. (2012) found that while the number of childweith an educational classification of
autism doubled between 2002 and 2008, the ovezateptage of children being served
under this classification was still quite small (6®rock (2006) found that while rates of
autism classifications in Special Education werzaasing at a rate change of +3.91,
rates of classifications in other categories incigdntellectual disability, emotional
disturbance and specific learning disability weeeréasing at a rate change of -7.14,
possibly due to a number of children being recfassunder autism due to increased
awareness of ASDs and the increasing acceptabfliyitism over other diagnoses like
intellectual disability and mental retardation. §buggests that many children with a
clinical diagnosis of ASD were previously receivsgyvices through Special Education
under a disability category other than autism. B¥students with ASDs are receiving
special education services under the autism cieasdn, the services received may not
address all areas of deficits. Dekeyzer (2010)ek@ample, found that individuals
receiving Special Education services under thestflaation of autism actually received
fewer language services as they got older, detiptéact that their language deficits
were still evident.

Related to the issues surrounding identifying irdirals with ASD in a public
school setting, is the fact that in school settigsessments for these students vary

significantly. While steps are being taken towatdseloping a standard assessment
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protocol for evaluating children with ASD in thehsol district where this sample was
collected, many aspects of the assessment of ehildith ASD in the schools are not
standardized. The sheer number of different measiged to assess cognitive and
language abilities, adaptive functioning, and ASihgtoms in the public school system
increases the difficulty of interpreting resultséd on the data gathered. Because of the
variety of measures in the public school settingthler research using individuals from
this population would benefit greatly from an e$itdied standardized assessment
protocol (i.e., specific cognitive, language, adapbehavior, language, and autism

batteries).

I mplications and Future Directions

This study attempted to establish the utility af PAMS procedure in identifying
meaningful communication profiles based on stradtand pragmatic aspects of
language for individuals with autism. The PAMS mdare has a significant advantage
over other forms of profile analysis in that it gaovide both group and individual level
information about specific profiles. This is padi@rly useful when exploring ASD
samples because individuals with ASD are a notsholieterogeneous group. While less
than half the clinical sample appeared to match wedne of the three communication
profiles identified using PAMS, this may in fadustrate an important dimension in
autism research, namely the range of communicalgdicits seen in individuals on the
autism spectrum. As a group, the clinical sampdelited in a three-dimensional solution
of communication profiles. On an individual leviegwever, Profile 1 was most strongly

supported, while the other two profiles appearegioly to very few individuals from
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Clinical Sample A. These results suggest a muchatgreliversity of communication
abilities along the autism spectrum than can béucag via analytic techniques that rely
on mean differences in scores. Further researclaaalgsis also is heeded to determine
whether factors like age may impact the type of mamication profiles identified here.
One of the main questions to be answered is whelifferent age groups have different
communication profiles. Profile 1 had the strongegiport in the current study using a
broad age range of participants, but it is posghmé Profiles 2 and 3 may have stronger
support for specific age groups.

Based on results of the post hoc analysis grouypamticipants into ALN and ALI
groups, severity of autism symptoms did not appzae related to structural aspects of
language ability. This suggests that structurajjlege impairments can be found across
the spectrum of behavioral symptoms manifest byiddals with autism, regardless of
how mild or severe those symptoms may be. Evenfaigttioning individuals with ASD
may exhibit a range of language-based impairméatsrequire attention. If the
communication skills of individuals on the autispestrum are truly as diverse as the
results of this study suggest, it follows that mimeus should be placed on determining
the specific communication skill levels of indivela with ASD in order to design the
most effective interventions based on individuegsgiths and weaknesses rather than an
expected pattern of communication skills.

While the results of the PAMS profiles were complaiiea small school-based
community sample, research with larger communitysas is needed to provide further
confirmation of the profiles created through thaichl samples used in this study.

Because of the very large sample requirementsdigiircnatory methods such as
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confirmatory factor analysis, empirical confidemetervals could be created from
bootstrapped sampling distributions to comparenawnae of samples, much like what
was conducted in this study. One key area to e&ptoa larger school-based community
sample is whether individuals matching to differemtnmunication profiles differ in their
behavioral presentation in the school setting. Bhooo significant differences were
noted between communication profiles in terms @eséy of autism symptoms, the
guestion remains whether behavioral presentatiasvary based on profile. For
example, are individuals who fit one particularfpgeomore likely to struggle
academically or have greater difficulty managinggexalizing or internalizing
behaviors? Are individuals associated with a palaicprofile more likely to be
depressed or anxious or display inattentive or ragisve symptoms? Are individuals
identified with a certain profile more likely toaeive an educational classification other
than Autism such as Speech/Language ImpairmenttiBnab Disturbance, or Other
Health Impaired? Relatedly, are individuals asdediavith a particular communication
profile more or less likely to receive speech athlage services? This information may
be helpful in designing more effective educatiangrventions for this population.

As evidenced by the proposed changes to the DSEe5/ery nature of what it
means to be on the autism spectrum is being caresidamew. The proposal to combine
Autistic Disorder, Asperger’s Disorder, Childhoodibtegrative Disorder, and Pervasive
Developmental Disorder Not Otherwise Specified mt&ingle diagnostic category of
Autism Spectrum Disorder, is indicative of a sfiétm the more traditional categorical
view of ASDs to a dimensional view of autism anldted disorders. Categorical versus

dimensional classification of ASDs has been cemtrahuch of the profile analysis
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research done with ASD populations to date, withh@rous subtypes of ASDs being
proposed as a means to aid clinicians in the @éiffiesl diagnosis of the current ASDs
(e.g. Barrett et al, 2004; Stevens et al., 2000)lenthe results of other studies have
argued for a dimensional view of autism and rel#&8®s (e.g. Lewis et al., 20074,
2007b; Wiggins et al., 2012). According to the Aroan Psychiatric Association, this
shift to a dimensional view of ASDs is designednidude the common set of behaviors
shared by those on the spectrum while still ineclgdilinical specifiers, such as severity
of symptoms and verbal abilities (American Psyglaatssociation, 2011). These
clinical specifiers can then be used to developviddal profiles of strengths and
weaknesses, which can then aid in designing apjptepnterventions and treatment
protocols. It is interesting to note that whiledaage has been removed as one of the
diagnostic domains in the proposed DSM-5 critend @ommunication has been
combined with the social domain, the inclusion efbal abilities as a clinical specifier
suggests that language is still seen as an impgasgpect of ASD and that language
features are considered an important facet inltheal presentation of individuals with
ASD. While it remains to be seen whether the predatanges to the DSM help
clinicians and researchers to better understanddbds of this rather broad and
diagnostically fuzzy population, the shift to a @msional view of ASD appears to be a
move in the right direction, particularly with redao the assessment and treatment of
language impairments related to ASD. As Lewis e(28107b) succinctly stated, “a
dimensional view of ASD necessitates a compreherlavguage assessment for each
diagnosed individual, which then facilitates indivalized planning of language support

and intervention” (p. 96).
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This is particularly true in the case of assesaimgj treating language impairments
in ASD individuals in the school setting. Seveonfycommunication problems may be a
key factor in determining how children are idewtfiin the school setting, the
classification they receive, and the services gledifor them. The most noticeable
concern regarding a particular student is ofterotethat is targeted by school teams,
which may result in many individuals with ASD beimgproperly classified. In fact, in a
sample of 2,198 four- to nine-year-old British dnén with a diagnosis of autism
receiving services through Special Education, Gad.€2008) found that 23.5% had
been served under a Special Education classifitatioer than autism. Of those children
who had been served under another classificatibB% had been served under another
classification prior to their autism classificatjovhile 19% had been served under the
classification of autism before being changed different classification. In the public
school setting, a child with ASD who is considetedbe “high functioning” and is
aggressive and defiant may very well end up clskiinder Emotional Disturbance,
while a “high functioning” child with ASD who exhits extremely low academic
performance may end up classified under Specifariieg Disability. Children with
ASD exhibiting high impulsivity and/or hyperactiyimay end up being served under the
classification of Other Health Impaired becaustheir ADHD-like presentation. Many
children with ASD who have severe language impansenay end up receiving services
under the classification of Speech/Language ImpatirDespite the range of potential
classifications in Special Education, all of thdgéerent presentations of children with
ASDs may still warrant speech and language int¢iwes in the schools based on their

structural and pragmatic language and communicaig@as, SO accurate assessment is
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necessary.

In terms of educational programming, informatiomatoa student’s
communication profile (including both structuraldgoragmatic aspects of language)
could be useful in terms of identifying individyadtterns of strengths and weaknesses
that could then be addressed in the student’s ichaiized Education Program (IEP).
Furthermore, given the variability in language depment and the evidence for overlap
between ASD and SLI, assessment of these studemtshunication profiles is a critical
component of a comprehensive evaluation prior t@kbgment of an IEP. Ironically,
while pragmatic deficits are considered to be aensial feature of ASDs, school-based
psychoeducational evaluations rarely include messaf pragmatic language. Measures
such as the CCC-2 could provide valuable insigitts the nature of pragmatic and
structural language deficits seen in children W8Ds being served in the school setting,
thus providing data that could then be used afotimedation for meaningful IEP goals
and services. Brief, easily administered measlikesthe CCC-2, as well as narrative
samples and measures of social language coule aké&d during the evaluation for
Special Education services to create individualiz@mmunication profiles which could
then be used for effective educational programming.

In addition to exploring communication profiles fthildren with autism as a
whole, the current study also explored the diffeemnbetween individuals fitting the
diagnostic criteria for ALI and those who did netgost hoc analyses. Since group
differences were evident in the clinical sampléhia current study, confirmatory studies
of the relationship between the profiles uncoveneithis study and ALI are needed. One

way this could be done would be to conduct sepd&aMS analyses on two larger ALI
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and ALN samples to determine whether separateo$gtofiles are necessary. It might
be even more beneficial to include an SLI samplditectly compare the ALI group to
another language impairment group not exhibitingsausymptoms. A closer look at the
relationship between language impairment and ndayé® is also warranted, since the
ALI group in the current study had a significarittyer nonverbal 1Q score than the
ALN group. This is a finding unique to this studg most studies of ALN/ALI samples

have excluded individuals with lower nonverbal KQres.

Conclusions

Although the present study has its limitations, findings hold some promise for
the use of PAMS-derived communication profilesha study of autism and related
ASDs. The outcomes of this study suggested a tinafde solution for children with
autism. The first profileHigh Speech vs. Low Nonverbal Communicatappeared to be
the most common profile in the first clinical sampind resembled the prototypical CCC-
2 profile for children with autism. The second dhud profiles,High Syntax vs. Low
ContextandHigh Scripted Language vs. Low Social Relatjomsre more difficult to
interpret and did not have a large presence amahgiduals in the clinical sample.
Linear combinations of the three profiles, howewate evident. The community sample
from the public school system, though very smadlswimilar to the clinical sample,
particularly in terms of Profile 1.

Ironically, one of the most consistent findingghe ASD literature seems to be
that individuals with ASDs are an extremely hetergpus group displaying a wide

range of symptoms, many of which are not speaifiB$Ds. This makes the task of
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creating meaningful profiles based on some pati€stores in a particular domain a
difficult task at best. Perhaps the most meaningie$sage stems from this very
difficulty; instead of looking for ways in which dividuals with ASDs can be grouped
based on similarities, perhaps we should embracéattt that each person with ASD is a
unique individual with a unique compilation of sytoms, strengths and weaknesses. In
the school setting, this is the intended purposé®IEP; it is supposed to reflect the
individual needs of the student with services dpEadly designed to meet those needs
based on goals designed with the individual’'s gjilenand weaknesses taken into
consideration. The proposed changes to the DSMeMlaamresearch literature on
language impairment in ASD provide a compellinguangnt for the importance of
language as key clinical specifier in the assessamahtreatment of individuals with
ASD. The results of the present study suggest A3 methodology is one way in
which this information can be gathered and taildeethe specific needs of the

individual.



APPENDIX A

SPSS SYNTAX FOR PAMS PROCEDURE

DATASET ACTIVATE DataSet1.
PROXIMITIES Speech Syntax Semantics Coherencetioti SL Context NVComm SR
Interests
/matrix=out(*)
IVIEW=VARIABLE
IMEASURE=SEUCLID

ALSCAL

/matrix=in(*)

/outfile="K:\Dissertation\April 2012\ReliabilityPAME.sav'
/level=ordinal

/plot=default

[criteria=dimens(3)

descriptives

variables=DIM1 DIM2 DIM3/save

MATRIX.

GetM
[file='"K:\Dissertation\April 2012\Reliability Saple.sav'
/variables=Speech Syntax Semantics Coherenitatiom SL Context NVComm SR

Interests.

Get X
[file='"K:\Dissertation\April 2012\ReliabilityPAI8.sav'
/variables=P1 P2 P3.

Get ID

[file="K:\Dissertation\April 2012\Reliability Samelsav’

/variables=STUDY _ID.

Compute R=NROW(X).

Compute col=make(R,1,1).

Compute x1={X, col}.

Compute ml=transpos(x1)*x1.

Compute m2=transpos(x1)*transpos(m).

Compute w=solve(m1,m2).
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Compute tw=transpos(w).

Compute m1=tw*t(x1).

Compute k=ncol(M).

Compute r=nrow(m).

Compute col=make(1,K,1).

Compute pvar=rssg(ml-(rsum(ml)*col)/Kk).
Compute var=rssq(m-(rsum(m)*col)/k).
Compute col=pvar/var.

Compute w={id, TW,col}.

Save w

/OUTFILE="K:\Dissertation\April 2012\Reliability Syjects.sav'.
End matrix.

Bootstrap Syntax

INPUT PROGRAM.

loop samp=1 to 200.

+ LOOP #i=1to 79.

+ compute id=trunc(uniform (79))+1.
+ end case.

+ end loop.

+ leave samp.

end loop.

end file.

END INPUT PROGRAM.
EXECUTE.

sort cases by ID.

match files file=* /table="Il:\Dissertation\July 200N orking Sample UARP.sav' /by ID.
sort cases by samp.

split file by samp.

execute.

Bootstrap MDS Syntax
SORT CASES by samp.
split file by samp.
PROXIMITIES Speech Syntax Semantics Coherencetimh SL Context NVComm
SR Interests
/PRINT NONE
IMATRIX OUT(*)
IMEASURE=SEUCLID
IVIEW=VARIABLE.
ALSCAL
IMATRIX=IN(*)
/outfile="K:\Dissertation\July 2011\ BOOTPAMS.saVv'
/LEVEL=ORDINAL
/plot=default
/ICRITERIA=dimens(3)



APPENDIX B

TABLES 8-10

Table 8 Means and standard deviations of CCC-2 scales kygagup for Clinical Sample A

Ages 5-6 Ages 7-8 Ages 9-11 Ages 13-17
N=18 N=22 N=19 N =20

Scale M (SD) M (SD M (SD) M (SD
Speech -1.11 (1.00) -1.11 (1.01) -0.49 (1.14) -0.68 (1.33)
Syntax -1.43 (1.05) -1.18 (1.07) -0.40 (0.88) -0.43 (1.16)
Semantics -1.15 (0.92) -1.39 (0.83) -0.93 (0.60) -1.28 (1.06)
Coherence -1.69 (0.69) -1.82 (0.65) -1.68 (0.72) -1.43 (0.96)
Initiation -1.56 (0.74) -1.58 (0.80) -1.56 (0.65) -1.74 (0.88)
Scripted
Language -1.20 (0.71) -1.65 (0.68) -1.81 (0.93) -1.73 (0.89)
Context -1.82 (0.69) -2.08 (0.50) -1.68 (0.73) -1.93 (0.76)
Nonverbal
Communication -1.80 (0.94) -1.97 (0.71) -2.35 (0.57) -1.98 (0.95)
Social Relations -1.83 (0.97) -1.80 (0.72) -2.21 (0.50) -2.05 (0.97)
Interests -1.17 (1.13) -1.50 (0.85) -1.91 (0.67) -1.73 (0.93)
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Table 9. Means and standard deviations for external varialmé&interest by sample

Clinical Clinical Community
Sample A Sample B Sample C
Variable N=79 N =48 N=10
M (SD M (SD) M (SD
Age in years 9.94 (3.56) 9.40 (3.44) 10.38 (3.70)
Expressive language 75.61 (21.18) 81.33 (21.59) 79.29 (25.22)

Receptive language 79.26 (23.18) 77.67 (16.31) 78.13 (28.46)

Communication 79.26 (23.18) 68.36 (13.09) *x
Daily Living Skills 75.62 (21.17) 65.28 (20.35) *x
Social 90.56 (20.24) 65.24 (9.59) o

Nonverbal IQ 90.56 (20.24) 84.00 (21.42) 87.10 (19.46)

Note: ** Domain scores not available

Table 10 Means and standard deviations of CCC-2 scalesainyple

Clinical Clinical Community
Sample A Sample B Sample C
N=79 N =48 N=10
Dependent
Variable M (SD M (SD M (SD
Speech 7.45 (3.41) 5.54 (3.26) 5.20 (3.26)
Syntax 7.42 (3.36) 6.02 (4.00) 5.40 (4.06)
Semantics 6.41 (2.60) 6.69 (2.55) 4.90 (2.60)
Coherence 5.03 (2.29) 5.35 (2.47) 3.50 (2.55)
Initiation 5.18 (2.29) 5.83 (2.68) 3.80 (2.30)
Scripted
Language 5.18 (2.47) 5.88 (3.07) 3.20 (1.62)
Context 4.34 (2.03) 5.02 (2.61) 2.70 (1.42)
Nonverbal
Communication 3.93 (2.45) 4.63 (2.44) 1.80 (1.40)
Social Relations 4.09 (2.43) 4.46 (2.75) 1.90 (1.10)
Interests 5.25 (2.79) 5.94 (2.87) 3.80 (2.15)
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