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ABSTRACT

Autism is a complex and heterogenous neurodevelopmental disorder characterized by
impairments in social communication skills and the presence of restricted and repetitive
behaviors or interests (RRB’s). While prevalence rates of autism have increased rapidly in the
past decade, it remains a challenging disorder to measure and diagnose. Cognitive functioning
can influence the presentation of autism symptoms and children’s performances on standardized
autism measures like the Autism Diagnostic Observation Schedule, Second Edition (ADOS-2),
which contributes to misdiagnosis. This study examined retrospective chart review data from 188
children referred for clinical autism evaluations who were administered Module 3 of the ADOS-
2. Findings demonstrated the superior fit and utility of a bifactor model to characterize autism
symptomatology on the ADOS-2, Module 3. Results revealed non-significant effects of cognitive
functioning on ADOS-2 performance and confirmed the measure’s ability to assess autism
overall. However, nuanced RRB’s were not fully captured by the ADOS-2 in this sample of
children. Regarding clinical diagnosis, a general autism trait measured by the ADOS-2 had the
largest influence on diagnostic outcomes, and cognitive functioning had little influence. Lastly,
this study revealed several small differences in the magnitude and direction of relations between

verbal cognition and autism symptomatology in Black compared to White children.

INDEX WORDS: Autism spectrum disorder, Verbal cognition, Nonverbal cognition, Clinical
best-estimate diagnosis, Autism Diagnostic Observation Schedule, Second Edition
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ADOS-2 AND COGNITION IN MEASURING AND DIAGNOSING AUTISM 1

1 INTRODUCTION

Autism spectrum disorder (ASD), also known as autism, is a heterogenous
neurodevelopmental disorder characterized by impairments in social communication skills and
the presence of restricted and repetitive behaviors or interests (RRB’s) (American Psychiatric
Association, 2013). The use of the term autism has changed over time, from describing a specific
category of pervasive and developmental disorders, to a broader umbrella term for autism
spectrum disorders. For clarity in this paper and respect for self-advocates’ preferences (Lord et
al., 2020), the term autism will be used throughout to broadly describe ASD’s. According to the
Centers for Disease Control and Prevention (CDC) and the Autism and Developmental
Disabilities Monitoring (ADDM) Network, prevalence rates of autism in the U.S. have increased
in recent decades from 1 in 110 children in 2006, to 1 in 54 8-year-old children in 2016
(Maenner et al., 2020). The reasons why prevalence rates have risen dramatically remains under
debate. It is unclear if this recent increase is due to a rise in individuals who have autism, or if it
reflects other factors including changes in diagnostic criteria, earlier age of identification, greater
awareness of autism, or current trends in U.S. healthcare that prioritize autism when multiple
possible diagnoses are present (reviewed by Matson & Kozlowski, 2011). Despite which factors
best explain the current upward trajectory of autism diagnoses in the U.S., more and more
clinicians are tasked with answering the question of whether or not a child has autism. However,
making a diagnosis of autism is often complicated by the presence of co-occurring
developmental problems, as well as substantial heterogeneity in autism symptom severity and
overall cognitive and adaptive functioning in this population (American Psychiatric Association,

2013; Wiggins et al., 2019).
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Cognitive abilities are one domain of developmental functioning that play a particularly
significant role in the overall quality of life for children with autism. Cognitive deficits can affect
autism symptom severity, i.e., children with autism and intellectual disability (ID) tend to
experience more severe problems with social communication and demonstrate worse RRB’s
(Goldstein & Ozonoff, 2018; Ozonoff et al., 2005; Shulman et al., 2020). Cognitive functioning
can also directly influence how a child performs on autism assessments, which contributes to
misdiagnosis (Goldstein & Ozonoff, 2018; Ozonoff et al., 2005; Shulman et al., 2020). Thus, it is
imperative to have a clear understanding of what our autism assessments are actually measuring.
To ultimately improve our accuracy in evaluating and diagnosing autism, more research is
needed to elucidate the structure of autism measured by autism assessments, and to provide
information about how cognitive abilities influence autism symptomatology and how these
variables work together to influence diagnostic outcomes. Therefore, the purpose of this study is
twofold: 1) to examine the structure of autism that is measured by a gold-standard autism
assessment tool, and 2) to investigate the relations between cognitive abilities, autism
symptomatology, and diagnostic outcomes.

1.1 Measuring Autism Symptomatology

The assessment methods we use to evaluate autism play an integral role in diagnostic
outcomes. In addition to an extensive review of a child’s background and developmental history,
a structured observation focused on assessing social communication and interactions and RRB’s
is an important component of a thorough autism evaluation (Hyman et al., 2020; Volkmar et al.,
2014). Standardized autism-specific, clinician-administered assessment tools can provide
valuable diagnostic information both directly, through their cutoff scores for autism, and

indirectly by providing opportunities for structured observation by a trained clinician (Lord et al.,
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2012; Molloy et al., 2011). Accurately characterizing the structure of autism traits measured by
these assessment tools is vital to understanding how to interpret and use the information they
provide for differential diagnosis and making appropriate treatment referrals (Kim et al., 2018;
Plomin et al., 2009).

Prior research utilizing different methodologies of investigation, including factor analytic
and genetic heritability twin studies is inconsistent, but in general has supported a two-factor
model of autism symptomatology (i.e., social/communication deficits and RRB’s) in clinical and
general population samples (Bishop et al., 2006, 2013; Cuccaro et al., 2003; Leekam et al., 2011;
Richler et al., 2010). In their 2008 review, Mandy and Skuse found that among seven
confirmatory and exploratory factor analytic studies of autism, although specific factors differed
between studies, there was a consistent pattern of at least one factor relating to social
communication and a separate factor relating to “nonsocial” symptoms that broadly described
RRB’s. These findings were further supported in their review of genetics studies, which also
suggested that despite some discrepancies, overall there is strong support for distinct biological
etiologies of the social and nonsocial characteristics of autism (Mandy & Skuse, 2008).
However, Mandy and Skuse underscored that despite clear distinctions between these social and
nonsocial symptom clusters, a moderate correlation still exists between the two domains. This
finding has been replicated in other studies that have also identified separate dimensions of
autism symptoms, but moderate to large correlations between social communication and RRB-
related symptoms using data from different measures including the Child and Adolescent
Symptom Inventory-4R (CASI-4R; Gadow & Sprafkin, 2005), the Broader Phenotype Autism

Symptoms Scale (BPASS; Dawson et al., 2007), the Social Responsiveness Scale (SRS;
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Constantino, & Gruber, 2005), and the Social Communication Questionnaire (SCQ; Rutter,
Bailey, et al., 2003) (Bishop et al., 2013; Cuccaro et al., 2003; Hus et al., 2007).
1.1.1 The Autism Diagnostic Observation Schedule

The Autism Diagnostic Observation Schedule (ADOS; Lord et al., 1999), and its most
recently updated version, the Autism Diagnostic Observation Schedule, Second Edition (ADOS-
2; Lord et al., 2012) is the most commonly used “gold-standard” observational tool for assessing
autism in research and clinical settings (Dworzynski et al., 2009; Frazier et al., 2012; Ronald et
al., 2005, 2010). The ADOS-2 is a semi-structured observational measure of social interaction
and communication, play skills and restricted and repetitive behaviors. The ADOS-2 has five
modules that are administered according to age and expressive language level, which is
determined by clinician observation of language samples during play and unstructured
interactions at the start of test administration. See Table 1.1 for selection criteria for the
administration of each module. Importantly, while all the modules are designed to assess the
same components of autism symptomatology across different age groups and language levels,
the items within each module vary, and thus findings associated with children’s performances on
one module are not directly comparable to findings from other modules.

Table 1.1 ADOS-2 Criteria for Module Selection

Module Age Expressive Language Level

T (Toddler)  12-30 months No speech up to simple phrases

Module 1 +31 months No speech up to simple phrases

Module 2 Children of any age  Phrase speech, i.e., “flexible use of non-echoed, three-

word utterances that sometimes involve a verb and that
are spontaneous, meaningful word combinations™
Module 3 Best for 4-16 years ~ Verbally fluent, i.e., “producing a range of flexible
sentence types, providing language beyond the
immediate context, and describing logical connections
within a sentence™
Module 4 Best for +16 years Same as Module 3

Note. *(Figure 1, p. 10, ADOS-2 manual).
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1.1.2  Updated ADOS algorithms

In response to concerns about the influence of age, language and cognitive abilities on the
original ADOS algorithm scoring that are used to determine an autism diagnosis, new algorithms
were developed in 2007 (Gotham et al., 2007). The new algorithm scoring achieved several
important goals with regard to improved psychometric functioning including freedom from the
influence of age, improved freedom from the influence of verbal 1Q (with the exception of the
Module 1 algorithms) and improved predictive and diagnostic validity across modules.
Reflecting this improvement, a recent study by Havdahl et al. (2016) demonstrated that
compared to the SRS and the Autism Diagnostic Interview, Revised (ADI-R; Rutter et al., 2003)
the discriminative threshold of the ADOS-2 was influenced less by nonverbal IQ in a sample of
children ages 2 to 13 years of age with autism and other neurodevelopment disorders (e.g.,
Attention-Deficit/Hyperactivity Disorder [ADHD], language disorders, ID). However, the
authors caution that while the ADOS-2 is a strong tool for measuring autism symptomatology, a
child’s functioning in other domains such as cognition still need to be accounted for when
interpreting ADOS-2 performance and making clinical decisions regarding the appropriateness

of an autism diagnosis (Havdahl et al., 2016).

1.1.3 Dimensionality of the ADOS-2

Using the updated algorithm items, total scores in two domains, Social Affect (SA) and
Restricted and Repetitive Behavior (RRB) are calculated when scoring the ADOS-2 (Gotham et
al., 2007). This is in line with the current consensus that there are two domains or dimensions of
autism symptomatology, a social and nonsocial or RRB-related domain. However, research on
the dimensionality of the ADOS has been complicated by changes in what is behaviorally

described as autism (Charman & Gotham, 2013), changes in the structure of the DSM criteria
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(i.e., merging of social and communication domains from the DSM-IV to the DSM-5), and
changes to the ADOS itself (i.e., Social Interaction and Communication domains in the ADOS
restructured as Social Affect and RRB domains in the ADOS-2). According to the ADOS-2
manual, ADOS-2 algorithm items for all modules measure two distinct dimensions of autism
symptoms (i.e., Social Affect and RRB’s). Prior research has been inconsistent regarding the best
fitting factor structure of the ADOS, with findings ranging from one to six factors (see Kamp-
Becker et al., 2009; Norris et al., 2012 for reviews). However, study characteristics including
sample size, which ADOS module(s) were administered, which items (i.e., algorithm and/or non-
algorithm items) were included in the analyses, and participant demographics including age and
language level vary greatly across studies. Norris et al. (2012) directly compared unidimensional,
two- and three-correlated factor models using a large sample (N = 720) of children ages 3 to 18
years with autism. They found that for children who were assessed with Module 3, a two-factor
model performed slightly better than a unidimensional and three-factor model. Regardless of
exact factor structure, many studies report moderate to large correlations between factors
(Mandy & Skuse, 2008). This finding is suggestive of a general autism factor that may be
explaining a large proportion of common variance amongst component domains like SA and
RRB. Additionally, when using the ADOS-2 clinically, an Overall Total score is derived by
combining SA and RRB Total scores, and that Overall Total is compared to cutoff scores for
autism. To appropriately use an overall composite score like this to determine cutoffs for autism,
the ADOS-2 should demonstrate evidence that it is measuring a general autism factor. Yet, many
prior factor analytic studies do not model a general autism factor.

One way to address many of the challenges and inconsistent findings regarding the

ADOS-2 dimensionality is with a bifactor model. In contrast to the more traditionally used
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correlated-factors and second-order models, bifactor models allow us to measure the unique
variance of a general factor (e.g., autism) and specific factors (e.g., SA and RRB) on item
performance; and thus to answer questions about 1) the permissibility of using a composite score
like the ADOS-2 Overall Total to determine cutoffs for autism, 2) to what degree a general factor
dominates item responses, and 3) to what degree specific factors make substantive contributions
above and beyond a general factor (Hammer & Toland, 2016; Kline, 2015; Reise et al., 2010).

To date, no other studies have investigated a bifactor model of the ADOS-2.

1.1.4 Subdivision of the RRB domain of autism

There is some existing literature that supports further subdivision of the RRB domain of
autism using data collected from the ADOS-2 and other autism symptom measures. The RRB
domain has most commonly been divided into two general subdomains, one often described as
“repetitive sensorimotor” (RSM) that encompasses repetitive behaviors and motor mannerisms
and sensory-related symptoms such as unusual sensory interests, and the other capturing
symptoms related to resistance to change and ritualistic behaviors, described as “insistence on
sameness” (IS) (Bishop et al., 2013; Leekam et al., 2011). In a large longitudinal study of
children with autism and other neurodevelopmental disabilities at ages 2 through 9 years, Richler
et al. (2010) demonstrated that other child characteristics including NVIQ were differentially
associated with concurrent RSM and IS symptoms, and differentially related to these symptoms
over time, providing strong evidence for a distinction between them.

RSM behaviors have been characterized as “lower-level” RRB’s that are associated with
general developmental level such that they occur more frequently in younger children and
children with lower cognitive functioning; whereas IS RRB’s are considered “higher-level”

(reviewed in Leekam et al., 2011). The relationship between IS and other child variables is
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slightly less clear in the existing literature. Some studies suggest that this subdomain of RRB’s is
relatively independent of age, verbal and nonverbal 1Q, and autism symptom severity as
measured by the ADI-R and the ADOS (Kuhfeld & Sturm, 2018). In contrast, Richler et al.
(2010) found that social/communicative abilities as measured by the ADOS were negatively
related to IS RRB’s, such that children with less social communication impairment demonstrated
more IS behaviors. Bishop et al. (2006) found that in a sample of children ages 15 months to 11
years, circumscribed interests and compulsions/rituals, typically categorized as IS behaviors,
were more common in children with higher NVIQ’s compared to those with lower NVIQ’s, but
other studies have not replicated this finding (e.g., Richler et al., 2010).

A major challenge in consistently replicating the structure of these RRB subdomains is
that many factor analytic studies utilize items from the ADI-R (Kuhfeld & Sturm, 2018), a semi-
structured parent interview that provides a thorough assessment of RRB’s but is very time-
intensive. Administering the ADI-R may not be feasible for all study designs and is often not
feasible for frequent use in clinic-settings where time is limited. A more recent study by Bishop
et al. (2013) demonstrated evidence confirming the construct validity of the RSM and IS factor
structure of RRB’s using the Repetitive Behavior Scale-Revised (RBS-R; Bodfish et al., 2000),
which is a detailed measure focusing specifically on RRB’s. They also included an ADOS-based
RSM score in their analyses that was comprised of items D1: Unusual Sensory Interests and D2:
Hand, Finger, and Other Complex Mannerisms. They confirmed that this ADOS-based RSM
factor was moderately correlated with the RSM factors measured by the RBS-R and the ADI-R, r
= .33, r=.39, respectively. However, they were unable to create an ADOS-based IS factor
because the only conceptually “pure” IS item is D5: Compulsions or Rituals that is included in

Modules 3 and 4 but not Modules 1 or 2 of the ADOS (and their sample was administered all
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four modules). Since the ADOS-2 is frequently administered in clinical settings to assist with
diagnosing autism, it is important to examine if the RRB subdomains of RSM and IS are
measured by the ADOS-2, which has not yet been demonstrated. The present study will address
this gap in the literature by investigating RSM and IS subdomains measured by the ADOS-2,
Module 3.

Lastly, a recent item response theory (IRT) investigation of the precision of the ADOS in
measuring two domains of autism symptomatology (i.e., SA and RRB) revealed that while the
current algorithm items for the SA domain demonstrated sufficient reliability across a range of
autism symptom severity, they did not reliably measure the RRB domain (Kuhfeld & Sturm,
2018). Kuhfeld and Strum (2018) demonstrated slightly improved reliability when three non-
algorithm ADOS items were added to the measurement of the RRB domain, i.e., A2: Speech
Abnormalities Associated with Autism, A3: Immediate Echolalia, and D5: Compulsions or
Rituals. Their confirmatory factor analysis also revealed that item A2: Speech Abnormalities
Associated with Autism was the most strongly related item to the latent RRB factor. Therefore, it
is important that other studies continue to explore the utility of these non-algorithm items in

representing autism symptomatology measured by the ADOS-2.

1.2 Cognition and Autism Symptomatology

Cognitive abilities are important to consider when assessing for autism because of the
significant role that they play in the degree of functional impairment that a child with autism may
experience, and the influence that they can have on the presentation and severity of autism
symptoms (American Psychiatric Association, 2013; Bill & Geschwind, 2009; Mayes &
Calhoun, 2011; Wiggins et al., 2019). There is also strong evidence in the extant literature that

cognitive abilities influence performance on autism-specific assessment measures, which can
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complicate autism diagnosis (Goldstein & Ozonoff, 2018; Ozonoff et al., 2005; Shulman et al.,
2020). For example, verbal and nonverbal cognitive deficits may impair individuals’ ability to
describe their mental state, daily life experiences and/or to engage in the back and forth
reciprocal conversation that is assessed during an autism evaluation (Leyfer et al., 2006).
Individuals with autism and ID often demonstrate more severe deficits in several areas of social
skills than those with ID or autism alone (Charman et al., 2011; Kanne et al., 2014; LoVullo &
Matson, 2009; Smith & Matson, 2010). Further, prior research has demonstrated that in children
without autism, cognitive impairments are associated with higher autism symptom severity
scores on autism-specific assessments (Hus et al., 2013; Mayes & Calhoun, 2011). Taken
together, these findings highlight the challenges of characterizing autism in children who present
with concomitant cognitive deficits and symptoms of autism. It is crucial that research efforts to
build our understanding of how cognition and autism symptomatology relate be continued to
improve diagnostic accuracy and ensure that children receive appropriate intervention services

(e.g., Parent et al., 2016).

1.2.1 Verbal and nonverbal cognitive abilities in autism

Children with autism demonstrate widely variable verbal and nonverbal cognitive
abilities, ranging from above average to severely impaired (Farley et al., 2009; Filipek et al.,
2000). Some research suggests that uneven cognitive profiles, i.e. significant discrepancies
between verbal I1Q (VIQ) and nonverbal IQ (NVIQ) are more common in children with autism
than their typically developing peers (Courchesne et al., 2019; Joseph et al., 2002). However,
research findings are mixed regarding patterns of cognitive strengths and weakness, which likely
reflects differences across studies in test instruments, sample sizes, age and overall level of

cognitive functioning (see Ankenman et al., 2014 for a review). Some studies suggest strengths
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in expressive language and verbal reasoning (Weismer et al., 2010), while others suggest
stronger nonverbal reasoning than verbal reasoning abilities (Courchesne et al., 2019; Filipek et
al., 2000), e.g. a significant relative strength on the Wechsler Intelligence Scale for Children, 4"
edition (WISC-IV) Perceptual Reasoning Index (PRI) compared to other intelligence index
scores (Nader et al., 2016). Strengths in performances on specific subtests within broader
intelligence indexes have also been identified, e.g. significant relative strengths on WISC-IV
Matrix Reasoning and Similarities subtests, with weakness on Comprehension and processing
speed subtests (i.e., Coding and Symbol Search) (Oliveras-Rentas et al., 2012). Additionally,
there is a longstanding finding of a significant relative strength in performance on the WISC
Block Design subtest in children with autism (see Oliveras-Rentas et al., 2012 for a review).
However, these subtest performance patterns have not always been consistently replicated

(Charman et al., 2011).

1.2.2 Relations between VIQ, NVIQ and autism symptoms

Findings from prior studies have demonstrated that in children with autism, greater
severity of social and communication deficits were moderately and significantly related to lower
verbal reasoning abilities, but were not significantly related nonverbal reasoning abilities (Joseph
et al., 2002; Klin et al., 2007; Oliveras-Rentas et al., 2012). Contrastingly, in a sample of
children with autism, Dawson et al. (2007) identified significant relations between NVIQ and
multiple subscales of the BPASS, i.e., Social Motivation, Expressiveness, and Conversational
Skills, » =-.21, -.41, -.51, respectively. Black et al. (2009) also showed a significant negative
relation between NVIQ and autism communication symptoms measured by an aggregate score
comprised of items from the ADI-R and the ADOS, but did not find a significant relation

between NVIQ and autism social symptoms, or between VIQ or NVIQ and RRB’s. Further,
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Dawson et al. (2007) did not find any significant correlations between cognitive abilities and the
total composite score on the flexibility/range of interests domain on the BPASS. However, in
contrast, other research has demonstrated significant relations between level of cognitive
functioning in children with autism and the prevalence and severity of RRB’s (Bishop et al.,
2006). Taken together, these findings suggest that there is likely some effect of verbal reasoning
abilities on autism symptom severity, with slightly weaker evidence for an effect of nonverbal

reasoning abilities on autism symptoms.

1.2.3 Racial disparities in autism and cognitive functioning

While investigating the relations between cognition and autism symptomatology in
children, it is imperative to acknowledge what we know about racial disparities in these domains.
It is well documented that relative to children who are White and Non-Hispanic White, children
who are Black are diagnosed with autism at older ages are at greater risk for misdiagnosis,
experience more difficulty accessing quality services, and have higher rates of co-morbid
intellectual disability (Broder-Fingert et al., 2013; Constantino et al., 2020; Klaiman et al., 2015;
Mandell et al., 2009). There is some recent evidence, however, to suggest this identification
disparity is narrowing (Maenner et al., 2020). Less information is known about how specific
aspects of autism symptomatology present across racial groups. Some previous studies suggest
that race is not a significant predictor of autism symptom severity and that total scores on autism
symptom measures do not differ significantly between white and nonwhite children (Hus &
Lord, 2013; Mayes & Calhoun, 2011). It is also important to acknowledge that race as a variable
may often be influenced or biased by other confounding socioenvironmental variables (e.g.,
parental education, parental academic expectations, and SES), and thus it is crucial not to

interpret racial group differences without consideration of these possible mediating factors
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(Broder-Fingert et al., 2013; Weiss & Saklofske, 2020). Overall, it is unclear from the current
literature how cognitive abilities relate to the presentation of autism symptomatology similarly or
uniquely across racial groups. A better understanding of these relations could provide
information about the mechanisms contributing to disparities in age of identification and
misdiagnosis.
1.3 Diagnosing Autism

Making a diagnosis of autism is a challenging and nuanced process that should integrate
multi-method assessment approaches including standardized tests of autism symptoms and
cognitive abilities, as well as expert clinical judgment to interpret test findings with consideration
of important contextual factors (Frazier et al., 2014). This approach to diagnosing autism is
important for accurate diagnosis and for making appropriate treatment referrals and

recommendations (Shulman et al., 2020).

1.3.1 Clinical judgment in diagnostic decision-making

Clinical judgment can be incorporated into the diagnostic decision-making process in
various ways. For example, in a longitudinal study of clinic-referred children being evaluated for
autism, Lord et al. (2006) implemented different diagnostic processes across time points (i.e., at
ages 2, 5 and 9 years) by varying the number of clinicians involved in assessment, how many of
those clinicians were also involved in providing clinical insight, and by what information each
clinician had access to prior to making a diagnosis. The addition of clinical judgment in the
diagnostic decision-making process has been shown to improve the sensitivity and longitudinal
stability of autism diagnosis (Lord et al., 2006). In contrast, diagnostic classification based solely
on test cutoffs, using the ADI-R for example, has demonstrated diagnostic inconsistency between

children at ages 2 compared to age 7 (Visser et al., 2017). In a sample of children 2- to 13-years-
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old with diagnoses of autism or other neurodevelopmental disorders, Havdahl et al. (2016)
demonstrated that judgment by experienced clinicians added to the accuracy of autism diagnosis
initially (at age 2 years) and over time (by age 9 years) above and beyond the contributions of

standardized test scores.

1.3.2 Clinical best-estimate diagnosis

The use of clinical judgment to interpret assessment findings and make a diagnosis is
sometimes referred to as clinical best-estimate (CBE) diagnosis. CBE diagnosis typically
involves a process of integrating information about a child’s background, standardized test
performances across multiple domains of functioning (e.g., cognitive, language, behavioral), and
information from caregiver report and/or structured interviews to make a diagnosis (e.g., Lord et
al., 2012). This process should involve trained, expert clinicians with experience in childhood
development and developmental disabilities, who have either administered or observed
administration of standardized testing, observed the child, and then reached a consensus
diagnosis with one or more other clinicians (e.g. Lord et al., 2006; Moore & Goodson, 2003;
Shulman et al., 2020; Stone et al., 1999). While CBE diagnosis is highly valuable in improving
diagnostic accuracy (e.g., Havdahl et al., 2016), it is not without its limitations. For example, in
their large, multi-site study, Lord et al. (2012) found that across sites there were significant
differences in CBE diagnosis of autism, but not in diagnostic classifications according to

standardized test cutoff scores.

1.3.3 Inconsistencies between CBE and standardized test diagnoses
Prior research has demonstrated that performance on the ADOS and CBE diagnosis are
not consistently correlated over time, which likely reflects that CBE diagnosis, unlike

performance on a standardized autism measure, is influenced by the integration of information
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from other sources and about other co-occurring problems (Frazier et al., 2014). One
consideration is that discrepancies between CBE diagnosis and standardized test performances
may vary in relation to specific child characteristics that complicate the diagnostic picture. For
example, Lord et al. (2006) found that for 40% of cases where clinicians disagreed with
diagnostic classifications generated by standardized tests (i.e., on the ADI-R and the ADOS),
children demonstrated either significant ID or high levels of behavioral problems, and in the
remainder of those cases, autism symptoms were mild, and clinicians rated high levels of
diagnostic uncertainty. In line with this, a review by Woolfenden et al. (2012) revealed that
although several studies demonstrated strong stability of autism diagnosis over time (i.e., 88% to
89% stability), rates of diagnostic stability were substantially lower for children with cognitive
impairment. Further complicating our understanding of diagnostic accuracy, is the presence of
inconsistencies in how autism diagnosis is determined across research samples, which can vary
from classification according solely to performance cutoffs on standardized measures, to clinical
diagnosis where clinician judgment plays a large role (see Abbeduto et al., 2014). Relatedly, it
has been suggested that research sites also differ in how, to what degree and at what time during
the diagnostic decision-making process information about functioning in other developmental
domains, like cognition, is accounted for (Lord et al., 2012). Overall, these findings highlight
that children’s functioning in domains like cognition can influence clinical judgment during the
diagnostic decision-making process, and that autism diagnosis is not always consistent between
standardized assessments and clinical judgment. Therefore, it is important to investigate how
standardized test performances on autism-specific measures and cognitive abilities

concomitantly influence diagnostic outcomes.
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1.4 Summary and Research Questions and Hypotheses

In summary, there is clear evidence in the extant literature that children’s performances
on standardized autism-specific measures and their cognitive functioning influence clinical
decision-making and diagnostic outcomes. However, how these variables relate during the
clinical best-estimate diagnosis process is lacking, and concerningly, diagnostic conclusions have
been shown to vary across sites. These issues are further complicated by inconsistencies in
proposed models of the structure of autism traits measured by gold standard tools like the
ADOS-2 across studies. Thus, more research is needed to clarify the dimensionality of autism
traits measured by the ADOS-2, and to describe the relations between cognition, ADOS-2 test
performances, and CBE diagnosis of autism. Additionally, there is some evidence in the
literature to suggest that race may play a role in misidentification and misdiagnosis of autism,
which also requires continued investigation. To address these gaps in the literature, the current
study will investigate: 1) the structure of autism measured by the ADOS-2 with a novel
approach, i.e., a bifactor model, 2) the influence of cognition on autism symptomatology, as
measured by the ADOS-2, 3) the concomitant influences of cognition and autism
symptomatology on CBE diagnosis in a clinic-referred sample of children, and 4) the relations
between cognitive abilities and autism symptomatology in Black compared to White children
(while there are many other racial identities, analyses were limited to these categories based

upon available data in the retrospective chart review).

1.4.1 Research Question 1
Question 1: What is the dimensionality of the ADOS-2, Module 3?
I will investigate four possible underlying structures of the ADOS-2: unidimensional,

correlated-factors (two-factor and three-factor), and bifactor. The three-factor correlated-factors
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model will include two specific factors (i.e., the IS and RSM factors described earlier). Initially,
these models will be comprised of algorithm and non-algorithm RRB items based on evidence in
the existing literature of two subdomains of RRB’s, and potential improvement of RRB
measurement with the inclusion of non-algorithm items (see Kuhfeld et al., 2018). I will also
investigate the best fitting factor structure without the inclusion of the non-algorithm items to
further ensure that the best fitting model has been identified. I hypothesized that the bifactor

model with the additional non-algorithm items would demonstrate superior fit.

1.4.2 Research Question 2
Question 2: Do VIQ and NVIQ predict autism symptomology measured by the ADOS-2?

Hypotheses for this research question vary based on which model of the ADOS-2
dimensionality is retained from research question 1. If the unidimensional model is retained, I
hypothesized that lower VIQ would predict more severe autism symptomatology, but NVIQ
would not be a significant predictor. If the two-factor model is retained, I hypothesized that
lower VIQ would predict higher RRB and SA symptom severity, and lower NVIQ would predict
higher RRB severity, but would not significantly predict SA severity. If the three-factor model is
retained, I hypothesized that lower VIQ would significantly predict higher SA and RSM
symptom severity, but would not significantly predict IS severity, and that lower NVIQ would
predict higher RSM severity and lower IS severity but would not significantly predict SA
severity. Because the bifactor model is a novel approach to modeling the dimensionality of the
ADOS-2, there was less support for initial hypotheses. However, based on patterns in the
existing literature using other factor structures, I hypothesized that VIQ would negatively predict
SA and any RRB-related specific factors, and NVIQ would negatively predict any RRB-related

specific factors.
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1.4.3 Research Question 3
Question 3: What are the concomitant influences of VIQ, NVIQ and autism symptomatology on
the outcome of clinical best-estimate diagnosis (i.e., autism vs. non-autism)?

I hypothesized that more autism symptoms, as measured by the ADOS-2, would predict a
higher likelihood of receiving an autism diagnosis. Due to significant variability in the current
literature regarding profiles of cognitive functioning in children with autism, I hypothesized that
VIQ and NVIQ would not significantly predict diagnostic category above and beyond the

influence of ADOS-2 scores.

1.4.4 Research Question 4
Question 4: Do VIQ and NVIQ relate to autism symptomatology measured by the ADOS-2 (i.e.,
the SA, RRB, and Overall Total scores) similarly or differently between two racial groups (i.e.,
children identified by parents as Black or White)?

Recent literature has underscored the significant mediating influences of several
socioenvironmental variables (e.g., parental education, parental academic expectations, and SES)
on cognitive functioning across racial groups, and how inappropriate conclusions can be drawn
from simple group comparison analyses on the basis of race (Broder-Fingert et al., 2013; Weiss
& Saklofske, 2020). Because these critical socioenvironmental factors were beyond the scope of
the available data for the present analyses, I did not utilize race as a predictor of cognitive
functioning, but rather conducted descriptive analyses to investigate how cognitive functioning
relates to autism symptoms within each racial group. These relations are important to
characterize as they may elucidate possible factors that contribute to misidentification and
misdiagnosis across racial groups. This research question is largely exploratory due to the

paucity of current literature on the topic. However, based on some prior studies that have found
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no significant relationship between race and autism symptoms, I hypothesized that VIQ and
NVIQ would correlate with ADOS-2 SA, RRB and Total scores with a similar direction and

magnitude in both racial groups.
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2 METHODS

2.1 Participants

This study includes data collected through a retrospective chart review of 188 children
who were clinically referred by pediatricians to a large autism clinic in the Southeast for
concerns about possible autism. Children are only seen in this clinic for evaluation of a new
diagnosis of autism or when an autism diagnosis is unclear, but not for confirmatory or second
opinion autism diagnoses. Families were primarily from the state of Georgia including the metro
Atlanta area as well as other cities outside the metro area, and three families were from
neighboring states including Alabama and Tennessee. The assessments in this study were
conducted from 2016 through 2020. The children included in this study ranged from 4.2 to 17.6
years of age (mean age = 8.9 years, SD = 2.8), 68% male (N = 128), 32% female (N = 60), and
all received the Module 3 of the ADOS-2. Children administered Module 3 must have fluent
speech, i.e., are able to generate a range of sentences with varied sentence structures and include
information beyond the immediate context. To be included children also had to have available
cognitive testing scores. For 174 children (92.5%), cognitive ability scores were derived from
either the WISC-V, WASI-II, DAS-II or SB-5 that was conducted by a clinician within the
autism clinic on the same day that the ADOS-2 was administered. A subset of 14 children (7.4%)
were assessed with one of the same aforementioned IQ tests prior to, but close to, the
administration of their ADOS-2 by an independent clinician. For these children, it was clinically
determined that their recently administered IQ test was a valid measure of their cognitive
functioning, and therefore gathering additional 1Q data was unnecessary. The majority of the
children in this sample, N =115 (61.2%), had one or more developmental and/or psychiatric

diagnoses prior to being evaluated at the autism clinic. The most common pre-existing diagnosis
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was ADHD (N = 85), followed by an anxiety disorder (N = 29), and Oppositional Defiant
Disorder (ODD; N = 19). Other diagnoses included depressive disorders, speech and language
impairment, Obsessive-Compulsive Disorder (OCD), intellectual and developmental disability,
learning disability, trichotillomania, developmental coordination disorder, sensory integration
disorder, adjustment and other behavioral/conduct disorders. There were also 21 (11.2%)

99 ¢

children who had been previously diagnosed with either “rule-out autism,” “provisional autism,”
or an autism spectrum disorder. The majority of children (N = 149, 79.3%) had received and/or
were currently receiving intervention services at the time of their evaluation. These intervention
services included being followed by a psychiatrist, psychological/behavioral interventions, play
therapy, social skills therapy, speech-language, occupational and/or physical therapies.
Additionally, 68 children (36.2%) were prescribed one or more psychotropic medications at the
time of their evaluation. The present sample consisted of the following racial backgrounds which
were identified on an intake questionnaire completed by children’s caregivers: 45 (23.9%) Black,
120 (63.8%) White, 15 (8.0%) Mixed-Race, 3 (1.6%) Asian, 1 (0.5%) American Indian, and 4
(2.1%) unknown or declined to respond. Approximately 60-70% of this sample was insured by
Medicaid for their evaluations. Years of education information was only available for 91 mothers

(48%) and ranged from 8" grade to doctorate degrees (e.g., JH/PhD/MD), and for 80 fathers

(43%) ranging from 8™ grade to Master’s degrees.

2.2 Procedures

The Children’s Healthcare of Atlanta’s Institutional Review Board approved the study
procedures for this retrospective chart review. Children’s Healthcare of Atlanta (CHOA) has a
data sharing agreement with Georgia State University (GSU) that allows procedures for this

study conducted by affiliates of GSU to be approved by CHOA’s IRB. All caregivers consented
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for their children to be evaluated at the Marcus Autism Center. The retrospective chart review
IRB allows for the collection of information obtained through clinical evaluations to be analyzed
in a de-identified format for research purposes without direct consent from patients and their
caregivers.

Initially, caregivers participated in a 1-hour diagnostic interview with a psychologist and
provided information about children’s medical, developmental, and academic histories as well as
their social, emotional, and behavioral functioning. Following this interview, caregivers and
children participated in on-site evaluations lasting approximately 3 hours conducted by a team of
at least two psychologists at an autism clinic. A cognitive assessment and Module 3 of the

ADOS-2 were administered to the children.

2.3 Measures

2.3.1 Cognitive functioning

Verbal and nonverbal reasoning abilities were assessed using one of four cognitive
assessments selected according to age and clinical judgment regarding level of difficulty and
appropriateness for individual cases. The Differential Ability Scales, Second Edition (DAS-II;
Elliot, 2007), the Wechsler Intelligence Scale for Children, Fifth Edition (WISC-V; Wechsler,
2014), the Wechsler Abbreviated Scale of Intelligence, Second Edition (WASI-II; Wechsler,
2011), or the Stanford-Binet Intelligence Scales, Fifth Edition (SB-5; Roid, 2003) was
administered to each child.

The DAS-II measures cognitive abilities across multiple domains of cognitive
functioning. It produces a General Conceptual Composite (GAC) score of overall cognitive
functioning, as well as composite cluster scores (i.e., Verbal Ability, Nonverbal Ability, Spatial

Ability, and a Special Nonverbal Composite [SNC]), and ability-specific subtest scores for each
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of the core subtests that comprise the cluster scores. There are two separate batteries of the DAS-
II, the Early Years battery (Upper and Lower levels) appropriate for children ages 2:6 to 6:11, or
children ages 7:0 to 8:11 of low ability, and the School-Age battery appropriate for children ages
7:0to 17:11, or children ages 5:0 to 6:11 of high ability. Children in this study were administered
either the Early Years Lower or Upper level form, or the School-Age form. Verbal and
Nonverbal Ability cluster standard scores (M = 100, SD = 15) were used in analyses to represent
VIQ and NVIQ, respectively, for children who received the DAS-II. According to the DAS-II
manual, average internal reliability coefficients (IRT-based, see manual, p. 125) for the Early
Years battery Verbal and Nonverbal Reasoning clusters were .90 and .89, respectively, and for
the School-Age battery, .89 and .92, respectively. Average internal reliability remained high
when examined in special population samples including children with a range of developmental
disabilities (e.g., ADHD, language disorder, intellectual disability, etc.). Test-retest stability for
the Verbal and Nonverbal Reasoning composite scores were generally excellent (7’s greater than
.80), except for the Nonverbal Reasoning composite for children ages 5:0 to 8:11, » =.77, which
was still well within the adequate range. Regarding validity, the Verbal and Nonverbal
Reasoning cluster scores also meet criteria, according to Kaufman (1994), for ample evidence of
specificity, supporting the use of these scores as measures of distinct cognitive abilities.

The WISC-V is a comprehensive assessment of cognitive functioning appropriate for
children ages 6:0 to 16:11. It yields index scores (M = 100, SD = 15) representing several areas
of cognitive abilities, i.e., the Verbal Comprehension Index (VCI), Visual Spatial Index (VSI),
Fluid Reasoning Index (FRI), Working Memory Index (WMI) and Processing Speed Index
(PSI), and a measure of overall cognitive functioning, Full Scale 1Q (FSIQ). Previous versions of

the WISC (Wechsler, 1991; 2003) have traditionally included fewer index scores. An update of
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the WISC-V is the replacement of the Perceptual Reasoning Index (PRI) from the WISC-IV
(Wechsler, 2003), with VSI and FRI, which provides more fine-tuned information across specific
components of nonverbal cognitive abilities. For the purpose of the current study, scores from
the FRI were used to represent NVIQ because it is conceptually most closely aligned with the
NVIQ scores of the other cognitive tests that participants were administered. The VCI was used
to represent VIQ. According to the WISC-V manual, split-half reliability coefficients for all
index scores ranged from .88 to .93 for children ages 6 to 16 years in the standardization sample.
Average test-retest reliability for index scores across all age groups also ranged from good to
excellent range, with the exception of the FRI, which was still within the acceptable range (» =
.75). Evidence is also provided within the manual supporting strong convergent and discriminant
validity across subtests and index scores.

The WASI-II is a brief cognitive assessment appropriate for individuals ages 6:0 to 90:11
that provides a quick but reliable measure of general verbal and nonverbal intellectual abilities.
The WASI-II has two- and four-subtest versions that provide standard scores (M = 100, SD = 15)
on several indices, a Verbal Comprehension Index (VCI), Perceptual Reasoning Index (PRI) and
a Full Scale IQ (FSIQ-4 or FSIQ-2 depending on how many subtests are administered). Test
items are designed to parallel those on the WISC-V and administration instructions are similar
but more streamlined. The VCI and PRI scores were used to represent VIQ and NVIQ,
respectively, for children who were administered the WASI-II in this study. According to the
WASI-II manual (Wechsler, 2011), average split-half reliability coefficients for the VCI and PRI
in children ages 6 to 16 years were .94 and .92, respectively. Test-retest reliability for two age
groups, children 6 to 11 and 12 to 16 years, were also high for the VCI, » = .96 and .93,

respectively, and were adequate for the PRI, » = .87 and .86, respectively. With regard to
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validity, the internal structure of the WASI-II has been supported by strong intercorrelations
between the subtests and composite scores, via factor analyses, and concurrent validity with
other measures of intelligence ranging from acceptable to excellent (McCrimmon & Smith,
2013).

The SB-5 is a test of intellectual ability and cognitive functioning that can be
administered to individuals ages 2 to 85+ years of age. The SB-5 yields a Full Scale 1Q (FSIQ)
that is comprised of 10 subtests (M = 10, SD = 3), five of which comprise a Nonverbal IQ scale
and the remaining five comprise a Verbal IQ scale. In a large nationally representative sample of
individuals ages 2 to 85 years, all SB-5 composite scores (i.e., FSIQ, Nonverbal IQ and Verbal
1Q) demonstrated strong reliability, .91 to .98 (see the SB-5 manual, Roid, 2003). According to
the manual (Roid, 2003), criterion and construct validity analyses demonstrated that the SB-5 is a
valid measure of cognitive functioning for individuals across a range of ages, races and cognitive
abilities. The Verbal 1Q scale and Nonverbal 1Q scale were used to represent VIQ and NVIQ,

respectively, for children who were administered the SB-5.

2.3.2 Autism symptoms

The ADOS-2 is a semi-structured, standardized assessment of autism that evaluates an
individual’s skills in the areas of socialization, communication, play and the presence of RRB’s.
There are five modules of the ADOS-2 that are administered according to an individual’s
expressive language level and chronological age. Only children who were administered a
Module 3 were included in this study. Each module can be administered in approximately 40 to
60 minutes and involves a series of “presses,” i.e., social activities presented by the examiner
that allow for the evaluation of an individual’s social-communicative strengths and weaknesses,

as well as elicit certain behaviors that are diagnostically relevant to autism. After observations
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are made during the administration of the ADOS-2 activities, ratings (“codes”) are assigned to
individual items on a scale of 0 (indicating no evidence of abnormality) to 3 (strong evidence of
abnormality) in the domains of language and communication, reciprocal social interaction,
play/imagination, stereotyped behaviors and restricted interests, and other abnormal behaviors.
In addition, for some items a code of 7 can be assigned when behavior is abnormal, but in a way
not indicated by the protocol, or an 8 when a rating is not applicable to a particular child. These
codes are converted to algorithm scores within two domains, Social Affect (SA) and Restricted
and Repetitive Behavior (RRB), and then added to produce an Overall Total score, which is used
to determine ADOS-2 classification (i.e., autism, autism spectrum, or non-spectrum) based on
cutoff scores for each module. Algorithm scoring required that all scores of a “3” be converted to
a “2,” however in analyses for the present study I used the initial scores ranging from 0 to 3 to
increase the variability in performances that were measured across children. All ADOS-2
administrations in the present study were scored by research reliable licensed psychologists and
were administered by psychology trainees under the supervision of a licensed psychologist.
According to the ADOS-2 manual, both interrater item reliability and test-retest
reliability for the SA, RRB and Overall Total scores was high across all five ADOS-2 modules,
with generally stronger reliability in the SA than the RRB domain. Exploratory and confirmatory
factor analyses supported a two-factor model (i.e., an SA and RRB factor). Item-total
correlations, i.e., correlations between items and their assigned domain, ranged from » = .33 to
.78 for the SA domain, and from » = .27 to .55 for the RRB domain, which was expected to be
lower due to greater heterogeneity among items in this domain. For Module 3, only one SA
algorithm item, A7: Reporting of Events, was strongly correlated with verbal mental age, » = -

48. The ADOS-2 manual indicates good sensitivity and specificity of the ADOS-2, Module 3,
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i.e., 91% and 84%, respectively. The ADOS-2 has also demonstrated good sensitivity (83% to
91%) and specificity (86% to 94%) across each of the five modules in other independent samples

(Shulman et al., 2020).

2.4 Data Analysis

Descriptive statistics and analyses were conducted with Mplus (Version 8; Muthén &
Muthén, 2005) and IBM SPSS Statistics (Version 27) predictive analytics software. First,
multiple confirmatory factor analyses (CFA)’s were specified and evaluated to determine the
best fitting model to represent the dimensionality of the ADOS-2; these models are depicted in
Figure 2.1 and Figure 2.2. Next, a structural regression model based upon the best fitting CFA
was specified and evaluated. Before conducting these analyses, I inspected the current data set
for amount and type of missing data. Missing data can be characterized in three ways according
to the data loss mechanism (see Brown, 2006; Kline, 2015). The most preferable scenario is
when data are missing completely at random (MCAR), meaning that missingness is not related to
any study variables. Missing at random (MAR) is when missing data is predictable and related to
another study variable, e.g., children with a particular NVIQ level were less likely to complete
certain ADOS-2 items. Lastly, data can be missing not at random (MNAR), which indicates that
the data loss is “nonignorable” and missingness is directly related to a study variable itself, e.g.,
children with a certain NVIQ could not complete certain ADOS-2 items. Only 0.2% of the
current data was missing, and those missing data points were investigated and determined to be
MCAR. Kline (2015) notes that different approaches to handling missing data are not likely to
make a significant difference in results when <5% of the dataset is missing. Therefore, analyses
were run with the default Mplus approach of pairwise deletion for the mean- and variance-

adjusted weighted least squares (WLSMYV) estimation that was used.
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Figure 2.1 Unidimensional and Correlated-Factors CFA Models

Note. SA = Social Affect, RRB= Restricted and Repetitive Behavior, RSM = Repetitive Sensorimotor, IS = Insistence on Sameness.
(A) Unidimensional model of autism represented by 17 algorithm and non-algorithm (i.e., A2, A3 and D5) ADOS-2 items, (B) Three-
factor correlated-factors model with two RRB subdomains, IS and RSM, (C) Two-factor correlated-factors model. All indicators

represent categorical items on the ADOS-2 scored on scales of 0-2 or 0-3.
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Figure 2.2 Bifactor Model 1 and Bifactor Model 2

Note. SA = Social Affect, RRB = Restricted and Repetitive Behavior. (A) Bifactor Model 1 with 17 algorithm and non-algorithm (i.e.,
A2, A3 and D5) ADOS-2 items, (B) Bifactor Model 2 with only the 14 algorithm items. All indicators represent categorical items on

the ADOS-2 scored on scales of 0-2 or 0-3.
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2.4.1 Research Question 1
Question 1: What is the dimensionality of the ADOS-2, Module 3?

Multiple CFA’s were run to compare four potential structures of the ADOS-2, Module 3
dimensionality, 1) a unidimensional model with autism as the general latent factor, 2) a two-
factor correlated-factors model with the latent factors SA and RRB (as represented in the ADOS-
2 scoring algorithm), 3) a three-factor correlated-factors model with an SA factor and two RRB
subdomain latent factors, i.e., RSM and IS, and 4) a bifactor model with a general autism factor
and either two or three specific factors depending on the model fit of the two- compared to three-
factor correlated-factors models. Each CFA initially included 17 indicators that represented
individual ADOS-2 algorithm and non-algorithm items that have been suggested in prior
research to add substantially to the measurement of autism with the ADOS-2 (i.e., items A2, A3,
and D5; see Kuhfeld & Strum, 2018). Raw scores were used for each item, and items scored a 7
or an 8 were converted to 0 as is suggested in the ADOS-2 algorithm scoring. This resulted in
scores ranging from 0-2 or 0-3 on all items. Lastly, the best fitting model was re-run with only
the ADOS-2 algorithm items.

Due to the ordinal nature of the factor indicators, a categorical variable methodology
(CVM) approach was used to analyze the data (see Finney & DiStefano, 2013; Kline, 2015).
This approach comprises two components to address categorical indictors, 1) analysis input that
accounts for categorical data, and 2) weighted least squares estimation. Regarding the first
component, it is theorized that observed ordinal indicators are associated with an underlying
latent response variable, i.e., a normal distribution of the amount of the indicator required for
each of the categorical responses. Accordingly, the models in this study included latent response

variables, as well as “threshold” values that represent the point of each latent response variable
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where one response category was selected over another. I ran models with the default
parameterization, which is delta. Latent factor metrics for the unidimensional and correlated-
factors models were set using the Mplus default marker indicator approach, which automatically
sets the first indicator for each latent factor as the reference indicator, fixing that indicator’s
factor loading to 1.00. For the bifactor model, the first indicators were freed, and the variance of
each factor was set to 1.00, which has advantages for bifactor models (see Hammer et al., 2016).
Regarding the second component of the CVM approach, I employed WLSMYV estimation, which
has been shown to outperform the other robust WLS approaches (Finney & DiStefano, 2013;
Kline, 2015).

To evaluate the proposed CFA models, I examined: 1) overall goodness of fit indices, and
2) attributes such as size and significance of the model’s parameter estimates including
covariances, standardized loadings, and residuals. To assess overall goodness of fit I examined
the chi-square test of model fit, root mean square error of approximation (RMSEA), standardized
root mean square residual (SRMR), comparative fit index (CFI), and Tucker-Lewis index (TLI)
values. RMSEA values < 0.06 suggest good model fit, values < 0.08 suggest adequate fit, and
values > 0.1 indicate mediocre fit or should be rejected (Bollen & Long, 1993; Hu & Bentler,
1999; MacCallum et al., 1996). SRMR values less than .08, and CFI and TLI values from .90 -
.95 suggest acceptable model fit (Bentler, 1990; Brown, 2006; Hu & Bentler, 1999). According
to Kline (2015), model misfit is also suggested by residuals less than 0 and standardized loadings
or covariances greater than 1. Nested models with good fit were compared using the chi-square
different test. This test compares the less restrictive model (i.e., the model with more free
parameters) to the more restrictive model. A significant difference test indicates that the less

restrictive model demonstrates significantly better fit.
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Due to the less restrictive nature of bifactor models compared to unidimensional and
correlated-factors models, they almost always demonstrate superior fit; therefore, I computed
additional indexes to characterize the bifactor models (Hammer & Toland, 2016; Rodriguez et
al., 2016a, 2016b). To assess overall model-based reliability, the coefficient omega hierarchical
(omegaH) was computed. OmegaH measures the systematic variance in total scores that is
attributable to individual levels of the general factor, therefore, large omegaH values (> .80) are
indicative of a total test score that can be considered “essentially unidimensional” (Rodriguez,
2016, p. 144). To directly evaluate the dimensionality of the ADOS-2, I calculated the explained
common variance of the general factor (ECV), and the percent of uncontaminated correlations
(PUC), which represents the relative amount of a model’s correlation matrices that reflect a
general factor. It is recommended that the ECV and PUC be used in conjunction with one
another because while ECV directly influences parameter bias, this relation is moderated by the
PUC. When both ECV and PUC values are > .70, the common variance among items in a
bifactor model can generally be considered unidimensional (Rodriguez et al., 2016b, 2016a).
Lastly, to assess the amount of bias in parameter estimates that may occur by specifying a
unidimensional model from a multidimensional test like the ADOS-2, I examined the average
relative parameter bias (ARPB). It has been suggested that parameter bias less than 10% to 15%
indicates little difference between the unidimensional and bifactor model estimates of the general
factor. This would suggest that a unidimensional model is an appropriate structure to specify the
dimensionality of the ADOS-2, even when a bifactor model demonstrates superior statistical fit

according to traditional fit indices (Rodriguez et al., 2016b).

2.4.2 Research Question 2

Question 2: Do VIQ and NVIQ predict autism symptomology measured by the ADOS-2?
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A structural regression model, depicted in Figure 2.3, was conducted to address this
research question. The best fitting CFA from the prior analyses was entered into the structural
regression model with VIQ and NVIQ added as predictors of the ADOS-2 based latent factors,
along with sex and age at covariates (which act essentially as additional predictors in SEM). Age
is an important covariate because children included in the study spanned meaningfully different
developmental age groups, i.e., early childhood through adolescence. With regard to sex, it is
well documented that sex plays a role in the severity and presentation of autism symptomatology
(see Rubenstein et al., 2015 for a review). In the structural regression model, VIQ was a standard
score (M =100, SD = 15) represented by either the DAS-II Verbal Ability cluster score, the
WISC-V VCI, the WASI-II VCI, or the SB-5 Verbal IQ scale, based on which test a child was
administered. NVIQ was also a standard score (M = 100, SD = 15) represented by either the
DAS-II Nonverbal Ability cluster score, the WISC-V FRI, the WASI-II PRI, or the SB-5
Nonverbal 1Q scale. To evaluate this model, I examined the same aspects of model findings that
were evaluated for the CFA models: 1) overall goodness of fit indices, and 2) attributes such as
size and significance of the model’s parameter estimates including covariances, standardized

loadings, and residuals.
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Figure 2.3 Structural Regression Model of VIQ, NVIQ, Sex and Age Predicting ADOS-2 Based Latent Factors

Note. Parameter estimates are standardized. VIQ = Verbal 1Q, NVIQ = Nonverbal 1Q, SA = Social Affect, RRB = Restricted and

Repetitive Behavior. *p <.05. **p <. 001.



ADOS-2 AND COGNITION IN MEASURING AND DIAGNOSING AUTISM 35

2.4.3 Research Question 3
Question 3: What are the concomitant influences of VIQ, NVIQ and autism symptomatology on
the outcome of clinical best-estimate diagnosis (i.e., autism vs. non-autism)?

For this analysis, CBE diagnosis was a binary categorical variable obtained from final
diagnostic reports for each child. CBE diagnosis was labeled a “1” for autism, which included
children who received an autism diagnosis only, and children who received an autism diagnosis
with one or more co-occurring developmental and/or psychiatric disorders, or a “0” for non-
autism, which included children who received any non-autism diagnosis or no diagnoses.
Because of the significant positive skew of this outcome variable, i.e., 69% of children received
an autism diagnosis (N = 130), and the relatively small size of the overall sample, a model
including all predictors of interest (i.e., VIQ, NVIQ, and the ADOS-2 based latent factors) on
CBE diagnosis would not converge in Mplus. Therefore, a binary logistic regression was
conducted in SPSS with VIQ, NVIQ, and factor scores entered as predictors of CBE diagnosis.
Factor scores were calculated from the latent factors of the best-fitting CFA produced in Mplus
and then imputed into SPSS to be used in the regression analysis as observed variables. All
predictors were converted to z-scores due to significantly different scales (i.e., ranges of 79 and
87 for VIQ and NVIQ, compared to ranges of 3.5 to 4.1 for factor scores). Additional diagnostic

statistics to check for signs of bias and multicollinearity were also calculated.

2.4.4 Research Question 4
Question 4: Do VIQ and NVIQ relate to autism symptomatology measured by the ADOS-2 (i.e.,
the SA, RRB, and Overall Total scores) similarly or differently between two racial groups (i.e.,

children identified by parents as Black or White)?
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Pearson’s 7 correlations were conducted between VIQ, NVIQ and ADOS-2 Total scores
(including the SA, RRB and Overall Total scores) in the two available racial groups, White and
Black children, separately.

3 RESULTS
3.1 Descriptive Statistics

Descriptive statistics for all study variables are reported in Table 3.1. Spearman’s rho
correlations between ADOS-2 Total scores and cognitive functioning revealed significant,
moderate to large correlations between ADOS-2 Total scores, and between VIQ and NVIQ, but
small, non-significant correlations between cognitive functioning and ADOS-2 Total scores, see
Table 3.2. Regarding missing data, one child was missing a VIQ score. This child’s IQ data was
provided by an outside clinician and only the NVIQ score was available. Three children were
missing at least one ADOS-2 item. Item B2: Facial Expressions to Examiner was not coded for
one child who was wearing a mask due to COVID-19 precautions. Items A2: Abnormal Speech,
A3: Immediate Echolalia, A7: Reporting of Events, and B2: Facial Expressions to Examiner
were not coded for one child due to language challenges (i.e., primary language was Spanish,
and speech was difficult to understand). Lastly, item D2: Hand/Finger/Other Complex
Mannerisms was not coded for one child who demonstrated complex mannerisms related to a

diagnosis of Tourette’s syndrome.
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Table 3.1 Descriptive Statistics for ADOS-2 Items, VIQ and NVIQ

Range Mean Standard Deviation
ADOS-2 Item
A2: Abnormal Speech 0-2 0.89 0.71
A3: Immediate Echolalia 0-3 0.17 0.44
A4: Stereotyped Words/Phrases 0-3 0.69 0.61
AT7: Reporting of Events 0-3 0.61 0.65
AS8: Conversation 0-3 091 0.75
A9: Gestures 0-3 0.42 0.56
B1: Unusual Eye Contact 0-2 1.35 0.94
B2: Facial Expressions to Examiner 0-2 0.75 0.59
B4: Shared Enjoyment 0-3 0.55 0.73
B7: Quality Social Overtures 0-3 0.82 0.56
B9: Quality Social Response 0-3 0.87 0.46
B10: Reciprocal Social Comm 0-3 0.76 0.66
B11: Overall Quality of Rapport 0-3 0.82 0.62
D1: Unusual Sensory Interest 0-3 0.40 0.62
D2: Complex Mannerisms 0-3 0.61 0.86
D4: Excessive Interest 0-3 0.94 0.83
D5: Compulsions or Rituals 0-2 0.60 0.63
VIQ 63 - 142 95.93 14.85
NVIQ 61 —148 97.71 15.83

Note. VIQ = Verbal 1Q, NVIQ = Nonverbal 1Q. VIQ and NVIQ were derived from either the
WISC-V, WASI-II, SB-5, or DAS-II. VIQ and NVIQ scores from all measures represent
standard scores (M = 100, SD = 15), see methods section for details regarding which standard

scores were used to represent VIQ and NVIQ for each measure. ADOS-2 items are raw scores.

Table 3.2 Correlations Between VIQ, NVIQ, and ADOS-2 Totals

1 2 3 4 5
1. VIQ 1.00
2. NVIQ 62%* 1.00
3. ADOS-2 SA Total -.08 .01 1.00
4. ADOS-2 RRB Total .06 .14 A48** 1.00
5. ADOS-2 Overall Total -.05 .04 94%* J73E* 1.00

Note. N = 187 for VIQ, and 188 for all other variables. VIQ = Verbal IQ, NVIQ = Nonverbal 1Q,
SA = Social Affect, RRB = Restricted and Repetitive Behavior. ADOS-2 Total scores are raw
scores, and VIQ and NVIQ are standard scores (M = 100, SD = 15).

*%p < 001,
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3.2 RQ 1: Dimensionality of the ADOS-2

Fit indices for each CFA model are presented in Table 3.3. All four models produced
significant chi-square tests, which can indicate poor absolute fit (Kline, 2015). However, this test
is not sufficient to retain or reject a model and is influenced by sample size such that larger
sample sizes are more likely to produce significant chi-square tests than smaller sizes (Kline,
2015). Values for RMSEA, SRMR, CFI and TLI fit indices revealed adequate to excellent fit for
all four models. Additionally, there were no standardized loadings or covariances greater than 1,
or residual variances less than 0 in any model. Therefore, I proceeded with chi-square difference
testing of nested models. The three-factor correlated-factors model with RRB’s subdivided into
two factors (i.e., RSM and IS) was compared to the two-factor model (i.e., SA and RRB). A chi-
square test revealed that the two-factor model demonstrated better fit than three-factor model,
Ax2=10.90, Adf=2, p = .64. The two-factor correlated-factors model also fit better than a
unidimensional model, 4y2 = 35.23, Adf=1, p <.001.

Next, I compared the two-factor correlated-factors model with the novel bifactor model
that included ADOS-2 algorithm and non-algorithm items (i.e., Bifactor Model 1, see Figure 2.2
[A]). Bifactor Model 1 demonstrated significantly better fit than the two-factor correlated-factors
model, 4y2 =43.38, Adf =16, p <.001. Lastly, I tested a bifactor model with only the ADOS-2
algorithm items (i.e., Bifactor Model 2, see Figure 2.2 [B]). Bifactor Model 2 that included only
algorithm items demonstrated better fit than Bifactor Model 1, which included non-algorithm
items A2, A3 and D5. Fit statistics for Bifactor Model 1 and 2 are reported in Table 3.4. In
summary, Bifactor Model 2 demonstrated the best fit.

Standardized loadings for the best fitting Bifactor Model 2 are reported in Table 3.5. All

items loaded positively and significantly on the general autism factor and ranged from .34 to .89.
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All items loaded more highly on the general autism factor than their respective specific factors
except for items A8: Conversation and D1: Unusual Sensory Interest in Play Material/Person.
For the RRB specific factor, all items also loaded significantly and positively (N = 4). This
suggests that children who scored high overall on the RRB domain were more likely to be rated
higher, i.e., more symptomatic, on each RRB item. For the SA specific factor, six items loaded
positively (60%), five of which were statistically significant, and four items loaded negatively
(40%), none of which were statistically significant. This suggests that children who scored high
overall on the SA domain of the ADOS-2 were more likely to score higher on most SA items.
However, they were more likely to score lower, i.e., less symptomatic, on other items, although
these items did not reach statistical significance.

Table 3.3 Fit Statistics for CFA Models

Xz df RMSEA SRMR CFI TLI
Unidimensional = 258.56** 119 0.08 0.08 0.96 0.95
Two-factor 206.70** 118 0.06 0.08 0.97 0.97
Three-factor 207.58** 116 0.07 0.08 0.97 0.97
Bifactor 165.74%* 102 0.06 0.06 0.98 0.97

Note. RMSEA = Root Mean Square Error of Approximation, SRMR = Standardized Root Mean

Square Residual, CFI = Comparative Fit Index, and TLI = Tucker-Lewis Index.

**p <.001.
Table 3.4 Fit Statistics for Non-Nested Bifactor Models 1 and 2
12 df RMSEA SRMR CFI AIC/BIC
Bifactor Model 1 165.74** 102 0.06 0.06 0.98  4809.72/5045.98
Bifactor Model 2 95.66** 63 0.05 0.05 0.99  3999.86/4189.041

Note. Bifactor Model 1 includes three non-algorithm items (A2, A3 and D5), Bifactor Model 2
includes only algorithm items. RMSEA = Root Mean Square Error of Approximation, SRMR =
Standardized Root Mean Square Residual, CFI = Comparative Fit Index, AIC = Akaike’s
Information Criteria, and BIC = Bayesian Information Criteria.

*%p < 001,
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Table 3.5 Factor Loadings for Bifactor Model 2

ADOS-2 Items Estimates (SE)
Autism? SA RRB
A4 .60 (.05) S5 (L12)**
A7 41 (.08) 19 (.11)
A8 .55 (.10) JT1(12)%*
A9 .50 (.07) -.01 (.12)
Bl .89 (.05) -.02 (.13)
B2 .80 (.05) -20 (.11)
B4 .78 (.04) -.02 (0.10)
B7 .82 (.04) 23 (L10)*
B9 .86 (.05) 25 ((12)*
B10 78 (.04) 20 (L10)*
Bl11 .85 (.06) 39 (L12)**
D1 .34 (.08) 37 ((12)*
D2 43 (.07) 43 ((12)**
D4 44 (.06) 41 (L10)**

Note. Bifactor Model 2 includes only ADOS-2 algorithm items. SE = standard error, Autism =
general autism factor, SA = Social Affect specific factor, RRB = Restricted and Repetitive
Behavior specific factor.

2All factor loadings on the general autism factor were significant at p <.001.

*p <.05, **p <.001.

3.2.1 Ancillary bifactor analyses

Additional analyses were conducted to further characterize Bifactor Model 1 and 2. For
Bifactor Model 1, I calculated an omegaH of .75. OmegaH subscale (omegaHS) was .41 for the
SA specific factor, and .01 for the RRB specific factor. This model produced a PUC of .54. The
ECV was .64, indicating that 64% of the item variance in Bifactor Model 1 could be accounted
for by the general autism factor. Average relative parameter bias (ARBP) was 27%, which
indicates that the parameter estimates for the item loadings on the general autism factor produced
by Bifactor Model 1 were quite different from those yielded by a unidimensional model. For
Bifactor Model 2, I calculated an omegaH of .87. OmegaHS was .05 for the SA specific factor,

and .35 for the RRB specific factor. This model produced a PUC of .44 and the ECV was .79,
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indicating that 79% of item variance was explained by the general autism factor. ARBP was 7%,
suggesting small differences among item loadings on the general autism factor produced by
Bifactor Model 2 compared to a unidimensional model.

Lastly, I inspected IECV values for Bifactor Model 1 and 2, results are reported in Table
3.6. These values represent the amount of variance in an item attributable solely to the general
factor. Values larger than 0.80 to 0.85 suggest that an item largely reflects the characteristics of
the general factor (Stucky & Edelen, 2014). IECV values revealed a greater proportion of items
in Bifactor Model 2 compared to Bifactor Model 1 that primarily represented the general autism
factor. In summary, the ADOS-2 dimensionality represented by Bifactor Model 2 could be
considered essentially unidimensional, whereas analyses for Bifactor Model 1 exhibited weaker
evidence for the appropriateness of a unidimensional structure.

Table 3.6 IECV Values for Bifactor Model 1 and 2

ADOS-2 Item Bifactor Model 1 Bifactor Model 2
A2 0.92 --
A3 0.61 --
A4 1.00 0.55
A7 0.25 0.82
A8 0.28 0.38
A9 0.42 1.00
B1 0.75 1.00
B2 0.76 0.94
B4 0.54 1.00
B7 0.70 0.93
B9 0.66 0.92

B10 0.59 0.94
B11 0.49 0.82
D1 0.93 0.46
D2 0.89 0.50
D4 0.86 0.54
D5 0.35

Note. Bifactor Model 1 includes three non-algorithm items (A2, A3 and D5), Bifactor Model 2

includes only algorithm items. All values in the Bifactor Model 1 and Bifactor Model 2 columns
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represent IECV values, values > 0.80 are bolded to indicate that these values largely represent

the content of the general factor.

3.3 RQ 2: Relations between Cognition, Sex, Age and Autism Symptomatology

The structural regression model for research question 2 is depicted in Figure 2.3. Model
fit indices revealed adequate to excellent fit for this model, RMSEA = .05, CFI/TLI = 0.98/0.98,
and SRMR = 0.11. Additionally, the model did not produce any standardized loadings or
covariances greater than 1, or residual variances less than 0. Standardized parameter estimates
were only significant for sex and age. Sex significantly predicted the general autism factor (R? =
.03) and the SA specific factor (R’ = .04), such that being male was associated with greater
overall autism symptom severity and being female was associated with greater SA symptom
severity. Age significantly predicted the general autism factor (R’ = .06), such that older age was
associated with greater overall autism symptom severity. VIQ and NVIQ were not significant
predictors of any of the ADOS-2 based latent factors. Due to the non-significant direct effects of
VIQ and NVIQ on the autism latent factors, investigation of indirect effects of VIQ and NVIQ

on CBE diagnosis through the autism factors were not pursued in further analyses.

3.4 RQ 3: Predicting CBE Diagnosis from VIQ, NVIQ and ADOS-2 Factor Scores

Prior to conducting the logistic regression, data were checked for potential biases.
Inspection for outliers revealed no significant outliers in performances on VIQ, NVIQ, or any of
the ADOS-2 based factor scores. Analysis of potentially influential cases revealed three cases
with problematic residual statistics, i.e., Cook’s distance > 1, and large standardized residuals
(i.e., -43.29, -6.41, and 2.71). For these cases, predicted group membership (i.e., CBE diagnosis)
by the model was inconsistent with observed CBE diagnosis, which likely contributed to the

problematic residual statistic values. There were also 15 cases with large leverage values (i.e.,
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three times the expected value of 0.032, see Stevens, 2002). Because leverage values are
measured on the outcome and do not influence the regression coefficients, and all other residual
statistics were within normal limits for these 15 cases, they were not of significant concern.
Collinearity statistics revealed that all tolerance values were > .01 and all Variance Inflation
Factor (VIF; Belsley, 1984) values were < 10, indicating no major problems with
multicollinearity of the predictors (Field, 2013). Therefore, I proceeded with the logistic
regression.

A binary logistic regression predicting CBE diagnosis from VIQ, NVIQ, general autism
factor scores, and SA and RRB factor scores, was significant, 32 (5) = 165.68, p < .001, see
Table 3.7. Effect sizes were large, R’ = .59 (Cox & Snell) and R’ = .83 (Nagelkerke). The overall
accuracy of diagnostic classification from the model was 96.3%. Four children without autism
were inaccurately predicted by the model as having autism, and three with autism were
inaccurately predicted as not having autism. There was a significant effect for general autism
factor scores (OR = 102.42 [95% CI: 21.97, 477.44], p <.001), and for RRB factor scores (OR =
5.60 [95% CI: 1.98, 15.81], p = .001), suggesting that children with higher general autism and
RRB symptom severity were more likely to receive a diagnosis of autism. SA factor scores, VIQ
and NVIQ did not make significant contributions to the likelihood of receiving an autism
diagnosis above and beyond the general autism and RRB factor scores, OR = 0.74 (95% CI: 0.27,
2.03), OR =1.01 (95% CI: 0.95, 1.08), p = .68, and OR = 1.00 (95% CI: 0.94, 1.06), p = .92,
respectively. Additionally, the agreement between autism diagnosis according to ADOS-2 cutoff
scores and CBE diagnosis by a clinician was 95%. Eight children scored above the cutoff for
autism on the ADOS-2 and did not receive a final CBE diagnosis of autism, and one child scored

below the ADOS-2 cutoff for autism but did receive a final CBE diagnosis of autism.
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Table 3.7 Regression Predicting CBE Diagnosis from Cognition and Autism Factor Scores

Predictor B df p-value
General Autism Factor 4.63 1 <.001
SA Factor -0.31 1 55
RRB Factor 1.72 1 .001
VIQ -0.003 1 92
NVIQ 0.01 1 .68

Note. N = 187 for VIQ, 188 for all other variables. VIQ = Verbal 1Q, NVIQ = Nonverbal IQ. The
outcome variable for the logistic regression was clinical best-estimate (CBE) diagnosis, where 0

= non-autism and 1 = autism.

3.5 RQ 4: Relations between Cognition and Autism across Racial Groups

Spearman’s rho correlations revealed significant, moderate correlations between VIQ and
NVIQ in both racial groups. There were no statistically significant correlations between VIQ or
NVIQ and any of the ADOS-2 total scores in either racial group, see Table 3.8. Overall,
correlations were similar in magnitude and direction between racial groups. There were two
notable, albeit small and non-significant differences between groups. Firstly, ADOS-2 SA Total
scores and NVIQ were negatively correlated for Black children but positively correlated for
White children, suggesting that as nonverbal cognitive abilities decrease, social affect symptom
severity tends to increase for Black children but decrease for White children. Secondly,
correlations between VIQ and all ADOS-2 total scores were slightly larger for Black compared
to White children. There were no significant group differences between White and Black
children with regard to age, NVIQ, ADOS-2 Overall Total, SA Total, or RRB Total scores. In
contrast, VIQ was significantly lower for Black compared to White children in this sample, ¢

(163)=-2.23, p = .03.
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Table 3.8 Correlations Between VIQ, NVIQ, and ADOS-2 Totals Across Racial Groups

1 2 3 4 5
Black (N =45)
1. VIQ 1.00
2. NVIQ 62%* 1.00
3. ADOS-2 SA Total -.17 -.09 1.00
4. ADOS-2 RRB Total A1 17 43* 1.00
5. ADOS-2 Overall Total -.09 .01 94 %% .69%* 1.00
White (N = 120)
1. VIQ 1.00
2. NVIQ ST** 1.00
3. ADOS-2 SA Total -.01 .04 1.00
4. ADOS-2 RRB Total .05 15 STF* 1.00
5. ADOS-2 Overall Total -.01 .05 94%* JT5** 1.00

Note. VIQ = Verbal 1Q, NVIQ = Nonverbal IQ, SA = Social Affect, RRB = Restricted and
Repetitive Behavior. ADOS-2 Total scores are raw scores, VIQ and NVIQ are standard scores
(M =100, SD = 15).
*p <.05, **p <.001.
4 DISCUSSION

The purpose of the current study was to investigate several aspects of the measurement
and diagnosis of autism in a clinic-referred sample of children being evaluated for possible
autism. Specifically, I examined the dimensionality of the ADOS-2, relations between cognition,
autism symptomatology and clinical best-estimate diagnosis of autism, and differences in
relations between cognition and autism symptomatology between two racial groups. Results
confirmed some, but not all initial hypotheses. I hypothesized that a bifactor model with
additional non-algorithm ADOS-2 items would demonstrate the best fit. Results revealed that a
bifactor model fit best, but with algorithm items only. In contrast to my initial hypotheses, VIQ
and NVIQ did not significantly predict any ADOS-2 based latent factors. Alternatively, in
support of my hypotheses, increased autism symptom severity as measured by the ADOS-2

predicted a higher likelihood of receiving an autism diagnosis, and cognitive abilities did not
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influence diagnostic outcomes above and beyond ADOS-2 performances. Lastly, in support of
hypotheses, most relations between cognition and ADOS-2 performances were similar in
magnitude and direction for Black and White children.
4.1 Dimensionality of the ADOS-2

A foundational step in improving the diagnostic accuracy of autism is confirming the
structure of autism traits measured by autism-specific assessment tools. The ADOS-2 is
considered a gold standard clinician-administered assessment for autism and is one of the most
regularly utilized autism measures across clinical and research settings. Thus, it is critical to
confirm the optimal dimensionality of autism traits measured by the ADOS-2 to inform how to
interpret ADOS-2 performances for differential diagnosis, and ultimately for treatment planning
(Kim et al., 2018; Plomin et al., 2009). The present study examined several possible factor
structures to represent the dimensionality of the ADOS-2, Module 3. Comparison of a two- and
three-factor correlated-factors model revealed that a single RRB factor fit the data better than
when RRB items were subdivided into insistence on sameness (IS) and repetitive sensorimotor
(RSM) factors. This is disappointing considering evidence in the literature that RRB’s can be
conceptually divided into IS and RSM subdomains, which exhibit unique relations with other
child characteristics including cognitive abilities (Bishop et al., 2013; Leekam et al., 2011;
Richler et al., 2010). However, it is not entirely surprising that data from ADOS-2 performances
alone did not provide a strong measurement of RRB subdomains; the ADOS-2 is administered in
a time-limited environment where RRB behaviors that can be more context-dependent, e.g., hand
flapping when excited, may not be observed during administration (Hus et al., 2014).
Additionally, prior studies have suggested that ADOS-2 algorithm items do not measure RRB’s

well (Kuhfeld & Sturm, 2018). Findings from the present study extend those by Kuhfeld et al.
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(2018) and suggest that subdomains of RRB’s may not be captured well by the ADOS-2, at least
for children who are assessed with Module 3.

Comparisons of correlated-factors, unidimensional and bifactor models revealed that a
bifactor model with only ADOS-2 algorithm items (Bifactor Model 2) was the best-fitting
structure for the data. While the application of bifactor models to psychological and behavioral
constructs is a relatively new approach (Rodriguez et al., 2016a), these models have
demonstrated utility in resolving questions about the multidimensionality of these constructs as a
result of their unique ability to simultaneously measure variances of a general trait, and variances
of trait subcomponents having accounted for variance explained by a general trait (e.g.,
Ebesutani et al., 2011; Reise et al., 2007). Previous literature has revealed inconsistencies in the
best-fitting factor structure of ADOS data, as well as issues with multidimensionality such as
high correlations between domain factors (see ADOS-2 manual, p. 244; Mandy & Skuse, 2008).
Thus, the bifactor model offers a possible solution to these challenges. The superior fit of the
bifactor model in the present study suggests that there is a general, overarching autism factor that
explains most of the variance in item performances, which would explain why correlations
between domain factors are often high. This also fits with previous studies identifying a single,
continuous autism trait (Constantino et al., 2004). Yet, the strong fit of this model also shows
that autism has two unique subcomponents (i.e., the SA and RRB specific factors), which
supports our current conceptualization of autism as comprising deficits in two separate
behavioral domains, social communication and RRB’s (DSM-5, 2013). The present finding of
meaningful, unique components of autism traits fits with evidence that social communication

deficits and RRB’s likely arise from different genetic pathways and neurobiological mechanisms,
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and relate differently to other child characteristics like cognition (Happé & Ronald, 2008; Mandy
& Skuse, 2008; Ronald et al., 2010).

Ancillary analyses of Bifactor Model 2 also revealed that ADOS-2 algorithm item scores
can be considered essentially unidimensional; the specific factors accounted for only a small
proportion of item variance (21%) compared to the general autism factor (79%), and the average
difference between parameter estimates for the general factor yielded by the unidimensional
model compared to Bifactor Model 2 was small (7%). This finding supports the permissibility of
utilizing the ADOS-2 Overall Total score (i.e., the sum of the SA and RRB Total scores) as a
composite score. In current clinical practice, the ADOS-2 Overall Total is used to calculate
cutoff scores for autism; findings from the present study confirm that this is an appropriate use of
the Overall Total score, and that the ADOS-2 is a valid measure of overall autism.

An unexpected pattern was revealed in comparing bifactor models with and without
ADOS-2 non-algorithm items. According to ancillary analyses, Bifactor Model 2 (only algorithm
items) demonstrated consistent evidence of being essentially unidimensional, whereas Bifactor
Model 1 (with non-algorithm items A2, A3 and D5) did not. The general autism factor accounted
for 79% of the variance in item performance for Bifactor Model 2, and only 64% for Bifactor
Model 1. In line with this finding, investigation of IECV values revealed that a greater
proportion of items in Bifactor Model 2 (9 out of 14 items; 64%) largely represented the general
autism factor than in Bifactor Model 1 (5 out of 17 items; 29%). In looking at specific items, |
found that variances for all ADOS-2 RRB algorithm items (i.e., A4, D1, D2, and D4) changed
from being largely attributable to the specific RRB factor in Bifactor Model 2, to primarily
reflecting the general autism factor in Bifactor Model 1. Interestingly, the only RRB item that

was more representative of the RRB specific factor than the general autism factor in Bifactor
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Model 1 was item D5: Compulsions or Rituals. Item D5 is a non-algorithm item that has been
conceptualized as a more direct measure of the RRB subdomain of insistence on sameness
compared to other items (e.g., Bishop et al., 2013). One interpretation of this pattern of findings
is that item D5 represents a conceptually different subdomain of RRB behaviors (i.e., insistence
on sameness) than the RRB algorithm items, which may alternatively represent the other
common subdomain of RRB’s, repetitive sensorimotor behaviors. If this is the case, it could be
concluded that the RRB Total score on the ADOS-2 is more closely akin to a measure of
repetitive sensorimotor behaviors than RRB’s in general, underscoring a specific area of autism

symptomatology that is not well represented in the ADOS-2 algorithm scoring.

4.2 Relations between Cognition, Sex, Age and Autism Symptomatology

In contrast to initial hypotheses, results revealed no significant prediction of either VIQ
or NVIQ on any of the ADOS-2 based latent factors. This finding is somewhat surprising
considering the extensive body of literature describing the influence of child characteristics, like
cognition, on the presentation and measurement of autism symptoms on several autism-specific
assessments including the ADOS (American Psychiatric Association, 2013; Bill & Geschwind,
2009; Goldstein & Ozonoff, 2018; Mayes & Calhoun, 2011; Moldin & Rubenstein, 2006;
Ozonoff et al., 2005; Shulman et al., 2020; Wiggins et al., 2019). Though, the current findings
are consistent with a study by Havdahl et al. (2016) that demonstrated less influence of cognitive
variables on ADOS performances compared to other autism symptom measures. The current
findings appear to positively reflect the psychometric modifications that were made to the
updated ADOS algorithms (Gotham et al., 2007) to better control for the effects of child
characteristics including cognitive abilities. However, even with the updated algorithms, some

previous studies have still found that ADOS raw total scores were significantly predicted by VIQ
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(De Bildt et al., 2011; Gotham et al., 2009; Shumway et al., 2012), and in fewer cases also by
NVIQ (Hus et al., 2014). Comparison of study sample characteristics between prior studies and
the present study may explain differences in findings. For example, Shumway et al. (2012) found
that in a sample of children with and without autism, when children with non-spectrum delays
were included in analyses, the amount of variance in ADOS raw total scores that was accounted
for by verbal developmental quotient (VDQ) decreased. Shumway et al. (2012) also found that
correlations between language measures (e.g., expressive, and receptive vocabulary) and ADOS
total scores were weaker for children with non-spectrum delays than for children with autism.
Thus, it is possible that the non-significant relation between VIQ on ADOS-2 latent factors in the
present study was partly driven by weaker relations in the non-spectrum group (N = 58).
However, this may not be the most likely explanation, as the proportion of non-spectrum
children in this sample was relatively small (i.e., 31%). It is more likely that discrepant findings
between this study and prior studies are related to more notable differences in study design, e.g.,
I used latent factors instead of observed raw scores to model the prediction of cognitive variables
on autism symptomatology. Also, only children who were administered Module 3 of the ADOS-
2 were included, whereas many prior studies have included children who were assessed with
multiple modules. In the ADOS-2 validation sample, verbal mental age was more strongly
associated with ADOS-2 Total scores for children who were administered Module 1 than for
children who were administered other modules; this supports the non-significant prediction of
VIQ on ADOS-2-based latent factors in the present sample of children assessed with only
Module 3. Children assessed with Module 3 were older and had higher language levels than
children administered lower modules, so it is important that the present conclusions of non-

significant relations between cognition and ADOS-2 performances be restricted to this specific
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subsample of children on the spectrum that excludes very young children, children with more
significant language and cognitive impairments, and adults.

Investigation of sex and age as covariates revealed significant effects of both on the
general autism and SA latent factors, but not on the RRB latent factor. Age was positively
associated with the general autism factor, suggesting that older children exhibited more severe
general autism symptom severity. This finding is surprising considering prior research
demonstrating that more severe autism symptom severity is associated with a younger age
(ADOS-2 manual; Havdahl et al., 2016; Mayes & Calhoun, 2011). One possible explanation is
that this trend is unique to the present sample that was restricted in age (i.e., age 4 years and
older) due to the inclusion of only children administered Module 3 of the ADOS-2. This would
then suggest that in a group of older, generally school aged children, symptom severity tends to
be greater for those who are older, whereas when children under the age of 4 are included,
younger age is associated with greater symptom severity. In line with this idea, Shumway et al.
(2012) found that age negatively predicted ADOS Total raw scores in a sample of children as
young as age 2 years who were assessed with ADOS Modules 1 to 3. Prior research has also
demonstrated that the inclusion of children without autism increases the effect of age on ADOS
scores, such that age is a significant predictor in samples with and without children with autism
but is not a significant predictor in samples of children with autism only (Gotham et al., 2009).
Thus, the inclusion of children with and without autism in the current sample could also partly
explain the significant effect of age on the general autism factor.

Regarding participant sex, being male compared to being female was associated with
higher levels of the general autism factor. There was also a larger proportion of males (N = 128,

68%) than females included in the present study. These results are in line with well-replicated
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findings in the literature of higher rates of diagnosis, and more severe overall autism symptoms
for males than females (Constantino et al., 2020; Kirkovski et al., 2013; Loomes et al., 2017;
Maenner et al., 2020; McFayden et al., 2020). Previous findings are more mixed regarding
specific differences in RRB and social communication symptoms between boys and girls, with
the most consistent pattern being greater RRB symptom severity in boys compared to girls
(McFayden et al., 2020; Rubenstein et al., 2015; Van Wijngaarden-Cremers et al., 2014). In the
present study I only found a significant effect of sex on the SA, and not the RRB latent factor.
Despite some literature to the contrary (Lai et al., 2017; Rubenstein et al., 2015; Sedgewick et
al., 2016), a recent study by Kaat et al. (2021) did demonstrate more severe social
communication symptoms reported on the SRS by parents of girls than boys. However, ADOS-
based social communication scores did not vary by sex in this same study. Notably, Kaat et al.
(2021) found only very small effect sizes for sex differences on some but not all domains across
multiple standardized measures of autism symptoms. Similarly, effect sizes for sex on the autism
factors in the present study were very small; sex accounted for only 3% and 4% of the variance
in the general autism factor and SA factor, respectively. In sum, the results from this study
suggested that being male was associated with greater general autism symptom severity, and
being female was associated with greater SA symptom severity, although these differences were

small and not clinically meaningful.

4.3 Predicting CBE Diagnosis from VIQ, NVIQ and ADOS-2 Factor Scores

In support of initial hypotheses, more autism symptoms as measured by the ADOS-2
predicted a higher likelihood of receiving an autism diagnosis, and VIQ and NVIQ did not
significantly predict diagnostic category above and beyond the influence of ADOS-2 scores.

Results revealed that children’s scores on the general autism factor had the largest influence on
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their diagnostic outcomes (i.e., relative to contributions by SA and RRB specific factors and
cognitive abilities). This finding is consistent with prior research that has demonstrated a strong
association between overall performance on standardized autism assessments and clinical
diagnosis of autism (Constantino et al., 2003; Frazier et al., 2014).

Regarding SA and RRB specific factor scores, results revealed that even accounting for
general autism factor scores, RRB scores still made a significant, unique contribution to CBE
diagnosis, while SA scores did not. In the ADOS-2 validation sample, raw scores on SA and
RRB domains both made significant contributions to the prediction of autism diagnosis;
however, coefficients and z-scores were larger for the SA domain. The discrepancy between the
ADOS-2 validation study and the present study suggests that SA domain scores may contribute
more strongly to meeting diagnostic cutoffs for autism on the ADOS-2, whereas when clinical
judgment is incorporated and CBE diagnosis is the outcome, RRB behaviors seem to have a
stronger influence on final diagnosis. This finding may be related to the older age of the current
sample, and previous findings that some RRB’s are observed less in older children (Esbensen et
al., 2009) and lessen in degree of severity over time, particularly following early intervention
services (Leekam et al., 2011). It is thus possible that the persistence of RRB’s at older ages in
the current sample may have signaled to clinicians potentially more severe or untreated autism,
resulting in greater RRB symptom severity playing a particularly influential role in diagnostic
decision making.

To further explore relations between ADOS-2 performances and CBE diagnosis, I
investigated the agreement between autism diagnosis according to ADOS-2 cutoffs and CBE
diagnosis. Results revealed very high agreement (95%), which is slightly higher than what has

been reported in prior studies, e.g., approximately 75% in a study by Mazefsky & Oswald
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(2006). One explanation for this finding is that the present sample is from an autism clinic where
the same clinicians who administered the ADOS-2 also made the final clinical diagnosis. Prior
research suggests that autism clinic samples tend to produce greater predictive validity of the
ADOS in matching clinical diagnoses (Charman & Gotham, 2013). Despite the high agreement,
there were several cases where ADOS-2 cutoffs and CBE diagnosis did not align (N = 9).
Consistent with previous studies, most of these cases were false positives on the ADOS-2, i.e.,
children met criteria on the ADOS-2 but were not given a CBE diagnosis of autism (Kamp-
Becker et al., 2018). Also consistent with prior research, most of these children had low levels of
autism symptom severity (i.e., ADOS-2 comparison scores in the “low” range), suggesting that
clinicians may feel less confident in diagnosing autism for children who present with milder
symptoms (Bolte & Poustka, 2004; Kamp-Becker et al., 2018; Lord et al., 2006). Alternatively,
there were three children whose symptom severity did fall within in the “moderate” to “high”
ranges but who were not given a CBE diagnosis of autism. These children all demonstrated a
large split in their SA and RRB domain scores such that their Overall Total scores were almost
exclusively driven by high scores in the SA domain. This pattern likely explains why these
children met criteria for autism on the ADOS-2, i.e., they had high total scores. However, the
extreme unevenness between domain scores signaled to clinicians that those children’s social
communication challenges were related to other disorders, as the presence of RRB symptoms in
addition to social communication deficits is required for a diagnosis of autism. The majority of
these children also demonstrated significant emotional and/or behavioral difficulties during their
evaluations (e.g., anxiety, hyperactivity), which is in line with prior research demonstrating
lower clinician confidence regarding an autism diagnosis for children who demonstrate

significant emotional and behavioral challenges (Lord et al., 2006).
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Lastly, the results of the present study revealed that in this clinic-referred sample of
children, cognitive abilities did not play a strong role in diagnostic decision-making, at least not
above and beyond ADOS-2 performance. On one hand, this finding could be interpreted to
suggest that children’s cognitive abilities were not heavily factored into clinical judgment during
the diagnostic decision-making process. An alternative interpretation is that due to heterogeneity
in the range of cognitive profiles of children with autism, there was no one linear trend of higher
or lower cognitive performances that increased the likelihood of clinicians making a diagnosis of
autism. This interpretation is consistent with previous literature highlighting variability in
cognitive profiles within autism and compared to other typical and neurodevelopmental
populations (Courchesne et al., 2019; Farley et al., 2009; Filipek et al., 2000; Joseph et al.,

2002).

4.4 Relations between Cognition and Autism across Racial Groups

Initial hypotheses that cognitive abilities would relate to ADOS total score performances
similarly across two racial groups (Black and White children) were largely confirmed. Overall,
correlations between cognitive abilities and ADOS scores were small and non-significant in both
groups. Although relations between cognitive abilities and autism symptoms have not yet been
investigated between racial groups, the present findings are in line with prior research that race is
not a significant predictor of autism symptomatology, and thus substantial differences between
cognition and autism symptoms wouldn’t be expected by race (Hus & Lord, 2013; Mayes &
Calhoun, 2011). However, two small, qualitative differences in relations between cognitive
abilities and autism symptoms between the two racial groups were observed. First, as NVIQ
performances decreased, Black children tended to demonstrate higher, or worse social affect

symptom severity, whereas White children demonstrated less. Second, VIQ was generally more
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strongly related to ADOS-2 total scores for Black compared to White children. Additionally,
average VIQ was significantly lower for Black than White children in this sample. These results
are consistent with findings from prior research that relative to White and Non-Hispanic White
children, Black children with autism tend to have higher rates of co-morbid ID (Broder-Fingert
et al., 2013; Constantino et al., 2020; Klaiman et al., 2015; Mandell et al., 2009). The negative
relation between NVIQ and SA Total scores illustrates that for Black children in this study, those
with lower nonverbal cognition were characterized as having greater problems with social affect,
which would be consistent with higher rates of co-morbid intellectual disabilities in Black

compared to White children diagnosed with autism.

4.5 Limitations

There are several limitations in the present study that are important to acknowledge. First,
when the structural regression model with VIQ, NVIQ, and all ADOS-2 based latent factors
predicting CBE diagnosis was initially conducted in Mplus, CBE diagnosis produced a negative
residual variance. Multiple modifications to the model failed to resolve this issue, which suggests
model misspecification or poor model fit. This issue could have resulted from one of several
potential limitations of the data. The CBE diagnosis outcome variable was very positively
skewed; 69% (N = 130) of the children received an autism diagnosis, i.e., were labeled a “1.”
This left a relatively small number of children labeled “0” for non-autism (N = 58 children,
31%). Additionally, within this already small subgroup of children labeled non-autism, diagnoses
spanned several different types of other neurodevelopmental and mood disorders, as well as three
children who did not receive any mood or behavioral diagnoses. Thus, a larger and/or more
homogenous non-autism group may have improved the fit of the structural regression model with

CBE diagnosis as the outcome variable. Another possible cause of model misspecification may
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have been related to the exclusion of other important predictors of CBE diagnosis in the model.
Prior research has demonstrated that externalizing and internalizing symptoms frequently co-
occur with autism and influence the presentation and measurement of autism symptomatology
(Frazier et al., 2014; Hus & Lord, 2013; Klaiman et al., 2015; M. C. Lai et al., 2019; Simonoff et
al., 2008). Emotional and behavioral difficulties are also especially relevant to school-age
children with autism who often have high rates of co-occurring disorders, increased awareness of
their differences and experience higher incidences of bullying (Dawson, 2008; Shulman et al.,
2020; Thomas & Karmiloff-Smith, 2002; Vivanti et al., 2013). Therefore, it is possible that the
structural regression model might have been strengthened by the addition of internalizing and
externalizing symptoms as predictors. Ideally, I would have included these variables in the
present study, but this was not possible due to limited availability of emotional and behavioral
data in the retrospective chart review.

A second major limitation was that the current sample included a very specific subset of
children who were referred for autism evaluations at relatively “later” ages and who were
assessed with a Module 3 of the ADOS-2 that requires children to be “verbally fluent.” This
inclusion criteria restricted the range of verbal abilities in the sample, and subsequently also
restricted the range of cognitive abilities. While a range of cognitive abilities were still
represented in the sample, most children performed in the average to above average range. Only
12% (N = 23) of children had VIQ or NVIQ scores < 75. The purpose of restricting the study
sample to only children assessed with Module 3 was to include item D5 (not included in
Modules 1 or 2). Item D5 has been considered one of the only conceptually “pure” items of the
IS subdomain of RRB’s (Bishop et al., 2013) included across ADOS-2 modules. Thus, including

item D5 was important for investigating if the ADOS-2 dimensionality could comprise two
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separable factors of RRB subdomains. Unfortunately, the consequence of this study design was a
restricted representation of children referred for possible autism that was biased towards children
with higher verbal and cognitive abilities. Thus, it is possible that trends found in the present
study regarding relations between cognition, autism symptomatology and CBE diagnosis may be
different for children with more significant cognitive and/or language deficits and are not
generalizable to children across the whole autism spectrum.

Another limitation of this study was that racial group analyses were limited to only
children identified by their parents as Black or White. Ideally, a more diverse range of racial and
ethnic identities would have been included. However, the retrospective chart review data used in
this study did not have enough participants in other racial and ethnic groups to be included in
statistical analyses. The resulting sample size for racial group analyses was also relatively small,
particularly for Black children (N = 46, 24%), which may have limited our ability to detect
significant difference in the relations between cognition and autism symptomatology between the
two groups. Additionally, due to data limitations the present study did not control for salient
socioenvironmental variables that are known to mediate the roles between race and cognition
when analyzing racial group differences, so the findings from this study are preliminary at best
and should be interpreted as a starting point for future investigations rather than definitive

conclusions about how cognition and autism symptomatology relate within these groups.

4.6 Implications and Future Directions

Despite these limitations, findings from the present study have several important
implications. First, regarding autism measurement, findings from this study underscored
previous concerns that the ADOS-2 is not a strong measure of RRB’s, particularly in terms of its

ability to detect unique subdomains of RRB’s. Clinically, this highlights the importance of using
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other measures to collect additional information about restricted and repetitive behaviors, e.g.,
the ADI-R, beyond what is gathered on the ADOS-2 during an autism evaluation. Failing to fully
describe a child’s RRB’s could result in missing important treatment referrals, as RRB’s are
known to have a significant impact on functioning in daily life and are often barriers to learning
(Leekam et al., 2011).

Secondly, support for a bifactor model of autism on the ADOS-2, Module 3 in the present
study has exciting implications for future research. Use of a bifactor model in future studies may
help to reduce previous inconsistencies in the literature regarding the factor structure of the
ADOS. The bifactor model also provides a way for future studies to investigate relations
between important demographic and environmental variables with both a general overarching
autism trait and its unique subcomponents. This is particularly relevant for studies of autism
biomarkers and genetic etiologies, which are often hypothesized to relate to specific domains of
autism symptomatology rather than a unitary autism trait (Hus et al., 2014). Clinically, the
unidimensionalilty of the best-fitting bifactor model indicates that when clinicians rate a child
higher on most ADOS-2 algorithm items, they have observed deficits that are attributable to an
overarching, general autism trait. However, for some items, particularly item A8: Conversations
and D1: Unusual Sensory Interests in Play Materials/Persons, assigning a higher score is more
indictive of difficulties associated with specific SA or RRB traits. Importantly, because these
specific traits are represented as independent by the bifactor model, it could suggest that
performance on items that relate more to specific SA and RRB components than the general
autism factor have unique etiological pathways, and thus difficulties measured by these items

could respond differently to interventions. Future studies should investigate the fit of bifactor
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models for the other ADOS-2 modules and explore if SA and RRB specific factors are associated
with different biomarkers or treatment outcomes.

Findings regarding the non-significant prediction of VIQ and NVIQ on ADOS-2
performances provides continued support for the ADOS’s internal validity in this unique clinic-
referred sample of children who were assessed with Module 3. Unfortunately, due to data
limitations, i.e., the negative residual variance for CBE diagnosis described earlier, I was not
able to analyze the concomitant influences of VIQ, NVIQ, and autism symptomatology using
SEM as originally planned. Thus, the benefits of this statistical approach such as modeling
measurement error were lost. Therefore, future studies should replicate these analyses with larger
sample sizes that comprise larger groups of children with non-spectrum disorders and/or typical
development. This may allow for the use of SEM that was not feasible in the present study.
Additionally, it would be interesting to examine if emotional and behavioral functioning predict
CBE diagnosis and contribute to the clinical decision-making process. Future studies could also
examine more homogenous non-autism groups, e.g., children with ADHD or mood disorders
alone, to explore if there are unique predictors of CBE diagnosis when differential diagnosis is
between autism and a specific neurodevelopmental or mood disorder. Lastly, replication of these
analyses with the other ADOS-2 modules would provide helpful information about how the
relations between cognition, autism symptomatology, and CBE diagnosis may differ for children
of all ages and language abilities.

Finally, despite the small sample size and limited diversity of racial groups, the results of
this study have implications for racial disparities in autism diagnosis. The stronger relation
between cognitive and social communication deficits that was identified for Black compared to

White children in this study may indicate that deficits in these two domains are being
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characterized as less distinct in Black compared to White children. This phenomenon could be
related to biases in how performances are scored, or to other mediating socioenvironmental
variables (e.g., parental education, parental academic expectations, and SES) that have already
been shown to influence cognitive functioning differentially across racial groups (Broder-Fingert
et al., 2013; Weiss & Saklofske, 2020). Relations between cognition and autism symptomatology
across racial groups should be examined in future studies with larger and more racially and

ethnically diverse sample sizes to build upon these findings.

4.7 Conclusion

In conclusion, results from this study make several important contributions to
understanding and improving the measurement and diagnosis of autism. This study demonstrated
the excellent fit and utility of a bifactor model to characterize autism symptomatology on the
ADOS-2, Module 3. Bifactor models should be employed in future studies investigating relations
between ADOS-2 performances and other variables of interest. The internal validity of the
ADOS-2 algorithm items to measure autism with little impact from a children’s cognitive
functioning was also confirmed. Alternatively, this study identified that nuanced RRB’s are not
well-measured by the ADOS-2. Thus, it is important that clinicians gather additional data from
other measures about children’s functioning in this domain during an autism evaluation.
Regarding the clinical diagnostic decision-making process, in a sample of children referred for
possible autism, I found that a general autism trait measured by the ADOS-2 had the largest
influence on diagnostic outcomes, and cognitive functioning had little influence. However, it will
be important to replicate these findings in larger and more diagnostically diverse samples. Lastly,

this study revealed preliminary evidence for a possible mechanism contributing to racial
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disparities in the identification of autism in Black compared to White children that warrants

continued investigation.
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