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Abstract

Background—In an attempt to resolve questions regarding the symptom classification of autism
spectrum disorder (ASD), previous research generally aimed to demonstrate superiority of one
model over another. Rather than adjudicating which model may be optimal, we propose an
alternative approach that integrates competing models using Goldberg’s bass-ackwards method,
providing a comprehensive understanding of the underlying symptom structure of ASD.

Methods—The study sample comprised 3,825 individuals, consecutive referrals to a university
hospital developmental disabilities specialty clinic or a child psychiatry outpatient clinic. This
study analyzed DSM-/V-referenced ASD symptom statements from parent and teacher versions of
the Child and Adolescent Symptom Inventory-4R (CASI-4R). A series of exploratory structural
equation models was conducted in order to produce interpretable latent factors that account for
multivariate covariance.

Results—Results indicated that ASD symptoms were structured into an interpretable hierarchy
across multiple informants. This hierarchy includes five levels; key features of ASD bifurcate into
different constructs with increasing specificity.

Conclusions—This is the first study to examine an underlying structural hierarchy of ASD
symptomatology using the bass-ackwards method. This hierarchy demonstrates how core features
of ASD relate at differing levels of resolution, providing a model for conceptualizing ASD
heterogeneity and a structure for integrating divergent theories of cognitive processes and
behavioral features that define the disorder. These findings suggest that a more coherent and
complete understanding of the structure of ASD symptoms may be reflected in a meta-structure
rather than at one level of resolution.
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Introduction

Though its specific diagnostic criteria have evolved over the decades, autism spectrum
disorder (ASD) remains a neurodevelopmental disorder characterized by a diverse range of
atypical social, communication, and repetitive behaviors. Despite substantial and increasing
clinical and research efforts focusing on ASD, fundamental questions regarding the
classification of the disorder remain unresolved (Happé, 2011; Lecavalier, Gadow,
DeVincent, Houts, & Edwards, 2009). Indeed, various classification and conceptual models
of ASD have been proposed, resulting in a vast, piecemeal literature (Baron-Cohen, Leslie,
& Frith, 1985; Chevallier, Kohls, Troiani, Brodkin, & Schultz, 2012; Mazefsky et al., 2013).
To date, no study has integrated various models of ASD into a common framework; as such,
a comprehensive overview of model utility cannot be adjudicated from the extant literature.

There is little consensus regarding the structure of ASD. Official nosologies, like the DSM-5
and /CD-10 (American Psychiatric Association, 2013; World Health Organization, 1992),
have shifted ASD conceptualizations over time from a collection of interrelated syndromes
characterized by a triad of symptoms (insistence on sameness, impaired ability to relate to
others, and communication deficits) to a spectrum composed of two domains (social-
communication deficits and restricted and repetitive behaviors; RRB) (American Psychiatric
Association, 1980; Volkmar & McPartland, 2014). While some models identified in the
research literature converged with these DSM-type classifications (e.g., Lecavalier et al.,
2006; Mandy, Charman, & Skuse, 2012), others demonstrated that constructs not currently
included in diagnostic classification systems (e.g., theory of mind, emotion regulation,
emotion recognition, social avoidance, social intent, social motivation) represent key, even
pathognomonic features of ASD (Baron-Cohen et al., 1985; Chevallier et al., 2012;
Constantino et al., 2004; Duku et al., 2013; Mazefsky et al., 2013). However, research
regarding these latter models tends to focus on how deficits associated with a single
construct have effects on other deficit domains rather than modeling how deficits in multiple
domains may interrelate. Meanwhile, data-driven modeling efforts have varied widely in the
symptom structures they report (Constantino et al, 2004; Lecavalier et al., 2006; Mandy et
al., 2012). However, no study to date has examined how various multifactorial models may
interrelate, and whether more fine-grained classification systems may in fact reflect common
symptom structures seen in broader construct-driven approaches.

Toward an Integrative Model of ASD

In an attempt to resolve these classification questions, ASD research generally aims to
demonstrate superiority of one model over another (Duku et al., 2013; Mandy et al., 2012;
Snow, Lecavalier, & Houts, 2009). Rather than adjudicating which model may be optimal,
an alternative approach may prove beneficial: the development of a model that integrates
competing models. Such an integration would highlight points of congruence and divergence
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and potentially synthesize the currently equivocal ASD nosological literature, providing a
comprehensive understanding of the underlying structure of ASD. Moreover, this sort of
integrative model could allow researchers to link findings that emerged from the different
competing models of ASD.

In the current study, we applied Goldberg’s (2006) bass-ackwards method to investigate the
structural hierarchy of ASD across various levels of resolution. This method produces a
multi-level structure that links all plausible factor models, yielding an interpretable hierarchy
of latent structures underlying observed data. Thus, applying this method to ASD data could
help clarify what sort of symptom domains of ASD emerge as unique factors at each level
and how a certain symptom domain is related to other domains within a single overarching
structure of symptoms of ASD. This approach circumvents the necessity for choosing a
single optimal solution, recognizing that the definition of optimality may differ across
purposes (e.g., clinical application, research) and methods of adjudication (e.g., fit to data,
predictive validity, substantive interpretability); rather, our approach reflects the possibility
that, depending on the level of resolution, one may find differing underlying constructs.
Therefore, this approach can illustrate how the current, seemingly disparate
conceptualizations of ASD symptomatology may instead represent a coherent overarching
multi-level meta-structure, providing the field with an integrative conceptual map for
unlocking the complexities of ASD. Accordingly, the primary aims of this study were to
understand better (1) the structure of ASD symptoms across different levels of resolution,
and (2) how the resulting structures can be synthesized into an integrative hierarchy (from
lowest to highest resolution), and (3) whether or not the resultant multi-level ASD structure
would be stable across informants (i.e., parent- vs. teacher-report data).

Participants

The study sample comprised 3,825 individuals between 6 and 22 years old (M= 11.35, SD=
3.53) who were consecutive referrals to a university hospital developmental disabilities
specialty clinic (DD referrals, 7=1,319) or a child psychiatry outpatient clinic (psychiatry
referrals, 7= 2,506). (The age range of the study sample is discussed in online
supplementary Appendix S1 and the treatment of missing data is discussed in Appendix S2).
Case records were screened for individuals who had the prerequisite assessment instruments
(see Measures). About two thirds of DD clinic referrals (n7=899; 68%) met DSM-/V
clinical criteria for ASD: 300 (23%) received a diagnosis of autistic disorder, 225 (17%)
Asperger’s syndrome, and 374 (28%) pervasive developmental disorder, not otherwise
specified (PDD-NOS). A subset of the ASD youth in the DD sample are described in prior
publications (e.g., Gadow, DeVincent, & Schneider, 2008; Gadow, Perlman, Ramdhany, &
de Ruiter, 2016; Lecavalier et al., 2009).

Psychiatry referrals comprised two cohorts, an initial cohort (n7=1,276) for whom
diagnostic data were available for most (72%) cases and a second subsequent cohort (7=
1,230) for whom diagnostic data were not available. Additional statistical analyses (i.e.,
independent groups #tests and chi-squared tests) indicated that there were no significant
differences between the two psychiatric cohorts in terms of age, gender, and ASD
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symptoms. Among those for whom diagnostic data were available (7= 917), the most
common clinic diagnoses were attention-deficit/hyperactivity disorder (ADHD; 77%),
learning disabilities (34%), language disorders (23%), oppositional defiant disorder (ODD;
17%), anxiety disorders (12%), major depressive disorder (12%), and social anxiety disorder
(11%). Sixteen percent (7= 144) of psychiatry referrals whose diagnostic data were
available met DSM-/V clinical criteria for ASD: autistic disorder (n=17, 12%), Asperger’s
syndrome 39 (27%), or PDD-NOS (n=88, 61%). A subset of this sample is described in
greater detail in prior publications (e.g., Drabick & Gadow, 2012; Gadow & Drabick, 2012;
Gadow, Kaat, & Lecavalier, 2013).

Our study sample included both ASD and non-ASD individuals owing to the widespread
distribution of ASD symptoms in non-ASD psychiatry referrals and general population
samples (Constantino & Todd, 2003; Gadow & Sprafkin, 2002). This study was approved by
a university Institutional Review Board.

The Child and Adolescent Symptom Inventory-4R (CASI-4R)—The CASI-4R
(Gadow & Sprafkin, 2009) is a behavioral rating scale assessing various DSM-IV-TR
(American Psychiatric Association, 2000) emotional and behavioral symptoms in youth
aged 5 through 18 years (as well as up to 22 for those still in school). For each item,
informants (parent or teacher) rate youth with a 4-point Likert-type scale ranging from 0
(never) to 3 (very often). This study analyzed the 12 items assessing ASD symptoms; four
items for each of three core ASD symptom domain subscales (social deficits,
communication deficits, perseverative behaviors). Numerous studies indicate CASI-4R
subscales demonstrate satisfactory psychometric properties (Gadow, 2015; Gadow &
Sprafkin, 2002, 2008; Gadow, Sprafkin, Salisbury, Schneider, & Loney, 2004; Sprafkin,
Gadow, Salisbury, Schneider, & Loney, 2002). Specifically, individual symptom subscales
evidence satisfactory internal consistency (Cronbach’s alpha), test-retest reliability, and
convergent and divergent validity with respective measures from a range of relevant
assessment instruments and diagnostic procedures in community-based normative and
clinic-referred samples. The CASI-4R also demonstrates clinical utility with regard to
identifying ASD in referred and non-referred youth (DeVincent, Gadow, Strong, Schwartz,
& Cuva, 2008; DeVincent & Gadow, 2009). In the present study, CASI-4R ASD items
demonstrated good internal consistency (i.e., Cronbach’s alpha ranged between .86 and .89)
across different subsamples and reporters.

Prior to their initial evaluation, parents of potential patients completed an intake assessment
battery that included the CASI-4R and a background information questionnaire. Parents
delivered a similar packet of materials to the school with instructions that requested teachers
to complete the CASI-4R, and the school to provide copies of psycho-educational and
intelligence evaluations. Schools mailed their information directly to the clinic. Parent
ratings were completed primarily by the child’s mother (>90%). Intake evaluations included
interviews with the children and their caregivers, informal observation of parent-child
interaction, and review of the packet materials.
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Bass-ackwards analysis—Goldberg’s (2006) bass-ackwards method involves
sequentially extracting increasing numbers of factors from the data, saving all factor scores,
and correlating factor scores of immediately super- and sub-ordinate levels. Thus, we
extracted one factor from the 12 ASD items and saved the factor scores; we then extracted
two factors from the original data, saved the factor scores, and correlated these factor scores
with those from the one-factor solution, and so on. This demonstrates how the first general
ASD factor was associated with, and potentially bifurcated into two, separate sub-ordinate
factors. We then proceeded by following this procedure for three-factor models and so on.

Although organized in a hierarchy, it is noteworthy that the resulting framework does not
imply subordinate/superordinate relationships between latent variables, in the sense of a
higher-order factor model; rather each level is a factor solution in itself at differing levels of
resolution. Thus, the bass-ackwards method takes an atheoretical approach, rather than
choosing any single optimal factor solution. In contrast, higher-order factor analysis takes
the opposite approach: A single optimal structure is identified, and correlations among
factors are then factor analyzed to produce higher-order factors, eventually yielding a multi-
level structure. Thus, higher-order factor analysis is conceptually distinct from our bass-
ackwards approach. To clarify ambiguous terminology across these methods, we use the
term hierarchy throughout the manuscript to indicate the placement of separate, unique
solutions into a single integrated structure that incorporates sequentially extracted ASD
symptoms factors at multiple factor levels. For similar reasons, we use the term multi-level
to indicate multiple factor solution levels that were sequentially extracted and integrated into
an overarching framework, not to imply a multi-level model in the sense of nested random
effects analyses.

Although Goldberg (2006) advocated principal components analysis (PCA) for the bass-
ackwards method, PCA produces components rather than factors, given that it analyzes
variance rather than a reduced correlation matrix of communalities (covariance). As such,
following the method of Kim and Eaton (2015), we used exploratory structural equation
modeling (ESEM; Asparouhov & Muthén, 2009), which, like factor analysis and unlike
PCA, produces interpretable latent factors and allows Mplus to save factor scores. We used
the orthogonal Crawford-Ferguson family Factor Parsimony (FACPARSIM) rotation (where
x = 1; for more information, see Browne, 2001; Crawford & Ferguson, 1970). Whereas
oblique rotations are typically preferred for factor analytic solutions, the bass-ackwards
method requires orthogonal rotation to produce interpretable between-level factor/
component scores (Goldberg, 2006; Kim & Eaton, 2015) because factor scores produced by
oblique rotations are not likely to produce interpretable between-level factor structural
relations. Further, additional analyses using an oblique rotation (geomin) indicated that,
although the oblique rotation produced highly similar factor solutions to our orthogonal
rotations at the two- and three-factor levels, it produced weakly defined factors beyond the
three-factor level, indicating interpretative superiority of our orthogonal rotations in these
data.
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Analytic strategy—ASD items were treated as continuous variables, with standard errors
corrected for non-normality by use of a robust maximum likelihood estimator (MLR). Three
fit indices were used to evaluate models: the comparative fit index (CFI), Tucker-Lewis
index (TLI), and the root mean square error of approximation (RMSEA). CFl and TLI
values > .95, and RMSEA values < .06 indicate good model fit (Hu & Bentler, 1999).
Analyses were conducted in Mplus (version 7.11; Muthén and Muthén, 2013).

Structural Hierarchy of ASD Symptoms in Parent-Reports

We initially conducted a bass-ackwards analysis of the 12 parent-report CASI-4R ASD
items, extracting as many factors as possible. The six-factor solution did not converge
successfully, suggesting over-extraction, and thus we used the five-factor solution as a
reasonable stopping point. The one- and two-factor solutions showed poor to fair fit with the
data, and the three- through five-factor solutions showed good fit (Table 1). The
comprehensive bass-ackwards hierarchies of the autism spectrum from parent- and teacher-
reports are depicted in Figure 1 and between-level factor correlations across levels of the
hierarchy are shown in Table 3.

At the highest level of the hierarchy, all ASD items loaded well on the first factor, an
undifferentiated general ASD factor, with standardized loadings ranging from .55 to .80
(Table 2). This general ASD factor then bifurcated into (1) a social interaction (SI) factor
and (2) a factor that combined communication problems (COM) and social-communication
deficits and restricted and repetitive behaviors (RRB) factor at the two-factor solution level.
The Sl factor and the combined COM+RRB factor were both significantly correlated with
the super-ordinate general ASD factor.

In the three-factor solution, the Sl factor remained the same (i.e. correlated with the two-
factor solution’s Sl factor at 7= .98), and the two-factor level’s COM+RRB factor split into
separate COM and RRB factors.

In the four-factor solution, the three-factor level’s Sl factor split into a social amotivation
(SAM) factor and a social awkwardness (SAWK) factor. The SAM and SAWK factors were
highly correlated with their super-ordinate Sl factor. The four-factor level’s SAWK factor
was also moderately correlated with the three-factor level’s RRB factor, whereas the
separate COM and RRB factors were correlated almost at unity across three- and four-factor
levels.

In the five-factor solution, the four-factor level’s RRB factor bifurcated into a resistance to
change (RTC) factor and a perseverative behaviors and cognitions (PBC) factor, defined by
strange repetitive movements and fascination with parts of objects. This PBC factor was
almost perfectly correlated with its super-ordinate RRB factor. The RTC showed only
moderate correlation with the four-factor level’s RRB factor, and it was also moderately
correlated with four-factor solution SAWK factor. The five-factor level’s SAWK factor was
strongly correlated with the four-factor level’s SAWK factor and also moderately correlated
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with the four-factor level’s SAM factor. The SAM and COM factors were almost perfectly
correlated across four-and five-factor levels.

Structural Hierarchy of ASD Symptoms in Teacher-Reports

We conducted another bass-ackwards analysis of the teacher-reports to examine whether the
structural hierarchy of the parent-report data was comparable. We report results up through
the four-factor solution, because the five-factor solution failed to converge (see Appendix S3
for more information). The factor loadings for all teacher-report items are given in Table 2.
(Model fit index values for one- through four-factor solutions are shown in Table 1.) The
comprehensive bass-ackwards hierarchy of the autism spectrum from teacher-reports is
depicted in Figure 1.

Results indicated that the bass-ackwards analysis for teacher-reports yielded comparable
findings to those from parent-reports in that (1) the factors with the same interpretations
emerged at each level; (2) patterns associations among factors between levels were highly
similar (Figure 1); and (3) the magnitude of these between-level factor correlations in the
ASD hierarchy was also highly similar. Considering our large sample size and resulting
statistical power, even trivial differences between correlations (e.g., a difference of .02
between correlations) would be statistically significant using Fisher’s r-to-z test. Thus, to
compare correlations among factors between parent- and teacher-report data, we adopted a
conservative benchmark of a difference of < .1 between correlations (i.e., a difference of /2
of 1%) as indicating a meaningful difference between the correlations. Result indicated that
all correlations between factors compared between parent- and teacher-report data differed
by <.1.

Discussion

This is the first study to examine an underlying structural hierarchy of ASD
symptomatology using the bass-ackwards method. Overall, results indicate that the symptom
structure of ASD may be meaningfully interpreted across different levels of resolution and
can be integrated into a single, overarching hierarchy (Figure 1). Further, findings suggest
that this hierarchy of ASD symptomatology is generalizable across contexts (i.e., consistent
for both parent- and teacher-report data).

Interpreting the Structure of ASD Symptom Hierarchy

Our findings suggest an interpretable hierarchy that emerges in both parent- and teacher-
report data. The parent-report data yielded five levels of factor solutions with levels 1-4
substantively replicated using teacher-report data. This hierarchy produced key features of
many existing models of ASD. At the first level of the hierarchy, the overall ASD spectrum
may be understood with a single general ASD factor, congruent with previous finding of a
single underlying factor that is continuously distributed and even extends into the non-ASD
population (i.e., a so-called broader autism phenotype) (Constantino et al., 2004; Dawson et
al., 2002). This view has practical implications. For instance, many interventions identify
reduction in general ASD symptomatology as their primary target (e.g., Dawson et al.,
2010). However, because subsequent factor solutions fit the data more optimally, a single
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cluster of symptoms may not be the best way to represent the underlying structure of ASD
symptoms for all purposes —it can be empirically deconstructed in ways coherent with other
interpretations. Further, delineating sub-constructs may provide individualized and more
specific treatment targets for future intervention research.

At the second level of the hierarchy, the general ASD factor bifurcates into an Sl factor and
combined COM+RRB factor. This solution differs from the two-factor solution reflective of
the DSM-5 criteria, which incorporates communication and social interaction deficits into a
single factor (American Psychiatric Association, 2013; Mandy et al., 2012; Snow et al.,
2009). Our findings suggest that the social production of language (e.q., engaging in socially
appropriate conversation) cross-loaded onto both the SI and combined COM+RRB factors,
whereas other symptoms associated with communication deficits (e.q., language difficulties
and speaking in an odd way) primarily loaded onto the combined COM+RRB factor. This
subtle distinction converges with previous literature indicating that different types of
communication deficits may be differentially related to restricted and repetitive behavior
versus social interaction symptoms (Tager-Flusberg, 2006). Additionally, whereas some of
the items included in the COM+RRB factor suggests the construct represents
communication broadly, many of these items in fact represent language-specific features
characteristic of ASD. Future studies considering replication of these factors should
therefore examine the relationship between this factor and spoken language ability. Thus, the
DSM-5two-factor solution for ASD may in fact obfuscate this subtlety by grouping all
communication deficit symptoms under the rubric of social deficits.

At the three-factor level, the Sl factor remains the same, whereas the combined COM+RRB
factor split into separate COM and RRB factors. This result is not only consistent with
DSM-1V criteria for ASD (American Psychiatric Association, 2000), but it is also in
agreement with our prior findings using a more conventional factor-analytic strategy
(Lecavalier et al., 2009). The emergence of separate COM and RRB factors is also important
clinically as it underscores the long recognized significance of atypical communication
characteristics in the earliest formulations of what we now refer to as the ASD clinical
phenotype (Hippler, Viding, Klicpera, & Happé, 2010; Kanner, 1944) and highlights the
ongoing importance of studying communication in ASD research.

At the four-factor level of the hierarchy, the separate COM and RRB factors remained the
same, whereas the Sl factor bifurcated into a SAM and a SAWK factor. The characteristics
of the SAWK factor (e.g. difficulty engaging in socially appropriate conversation and
preoccupation with certain topics) are consistent with extant literature emphasizing the role
of reciprocal communication difficulties in ASD (Losh & Piven, 2007; Wing, 1997). The
symptoms that load primarily onto the SAM factor are characterized by a /lack of interest in
making friends and lack of interest in or awareness of other people’s feelings. These
symptoms are also characteristic of schizoid and schizotypal personality disorders
(American Psychiatric Association, 2013), which have previously been found to be
important phenotypic characteristics of a subgroup of youth with ASD (Gadow, 2013).
Though some recent research highlights social motivation deficits as an important feature of
ASD (Chevallier et al., 2012; Kohls, Chevallier, Troiani, & Schultz, 2012), it is worth noting
that our findings not only reveal the presence of separate SAM and SAWK factors, but also
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place them into a comprehensive hierarchy, thus providing valuable understanding of how
the factors are associated with other core features of ASD. Further, the distinction between
social skills (SAWK) and social amotivation (SAM informs how social functioning deficits
at lower levels of functioning in ASD might be stratified. This distinction is particularly
meaningful in the context of interventions that aim to target either social skills via didactic
training or SAM through more naturalistic methods (Lerner, White, & McPartland, 2012;
McMabhon, Lerner, & Britton, 2013).

Finally, at the five-factor level, the RRB factor split into a RTC and a PBC factor. The RTC
factor was represented by distress at small changes in routine or environment, whereas the
PBC factor was characterized by conventional restricted and repetitive behaviors such as
preoccupation with certain topics, odd repetitive movements, and intense interest in parts of
objects. The PBC factor almost perfectly correlated with the four-factor level RRB, whereas
the RTC factor only moderately correlated with the separate RRB and SAWK factors. The
moderate correlations among those three factors demonstrates that RTC features are not only
associated with the presence of RRB, but are also related to difficulties engaging in skilled
Sl. The emergence of two sub-factors related to the broader RRB factor is consistent with
recent research indicating subtypes of RRBs, particularly those that distinguish insistence on
sameness and circumscribed interests (Bishop et al., 2013; Lam, Bodfish, & Piven, 2008;
Leekam, Prior, & Uljarevic, 2011). In fact, certain subtypes of RRBs appear to be more
familial than others (Lam et al., 2008). Researchers have also found evidence suggesting
there are different genetic association patterns for the insistence on sameness subtype
(similar to RTC) as compared to other subtypes of RRBs (Tao et al., 2016). Indeed, previous
research using a traditional factor analytic approach has shown differential associations
between ASD symptom factors and genetic loci (Liu et al., 2011). Building on that approach
by linking genetic loci to the structural hierarchy derived via the bass-ackwards method
could potentially yield a richer picture of the associations between genotypic and phenotypic
aspects of ASD. Taken together these findings support the importance of distinguishing
between subtypes of RRBs.

Strengths, Limitations, and Future Directions

The present study has a number of strengths: use of a large sample of clinically referred
youth, a well-validated measure of ASD symptoms, and a heterogeneous sample of school-
eligible, clinic-referred youth. Furthermore, the inclusion of a balanced sample of
individuals with and without ASD represents a truly (multi-)dimensional approach to
understanding how ASD symptomatology is distributed across psychiatric diagnoses.
Therefore, the ASD symptom hierarchy identified here reflects how symptoms are grouped
and bifurcate across levels of severity. Nonetheless, the current study possesses some
limitations. Symptom data were collected from a single questionnaire, although for both
parent- and teacher-report. Collecting data from multiple methods and sources (e.g., semi-
structured interviews, behavioral observations from trained observers) would provide a more
comprehensive symptom picture of each participant. Further, data were obtained for ASD
symptoms defined in DSM-1V; future research should consider whether a similar hierarchy
emerges when examining a broader range of ASD behavioral characteristics, which have
proven useful in studies differentiating ASD and non-ASD samples (Kohls et al., 2012;

J Child Psychol Psychiatry. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kim et al.

Page 10

Tager-Flusberg, 2006). Also, caution is needed when interpreting the results of one- and
two-factor solutions, given the relatively poor model fits of those solutions; they should not
be interpreted individually as wholly adequate representations of the data but instead
considered in the context of an ASD symptom hierarchy. Lastly, we included only 12 ASD
subscale items from the CASI-4R in our analyses. The inclusion of more ASD symptom
items, particularly those composing the RTC factor, may yield additional symptom factors
and thus provide a more comprehensive picture of ASD symptomatology.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key points

Fundamental questions regarding the symptom structure and true
heterogeneity of the ASD clinical phenotype remain unresolved.

Our results from bass-ackwards analyses indicate that the latent structure of
ASD symptoms produces an interpretable hierarchy at various levels of
resolution and across multiple informants.

The core symptom dimensions of ASD are composed of various subdomains
of cognitive and behavioral dysfunctions.

Our findings suggest a model for integrating the divergent theories of
cognitive processes and behavioral features that define the disorder.

The reported hierarchy of ASD symptoms suggests a strategy for clinical
assessment that includes aspects of both formal nosologies as well as more
precise evaluation of component deficits that can be used to formulate
personalized intervention.
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The bass-ackwards hierarchy of autism spectrum disorder symptoms in (A) parent-reports
and (B) teacher-reports data. The five-factor solution in teacher-reports failed to converge
(See Appendix S3). Primary between-level factor correlations (7> .6) among factors are
depicted with solid lines. Moderate associations between a factor and its primary super-
ordinate factor (r< .6) are depicted in dashed lines. GAF, general autism spectrum disorder
factor; S, social interaction; COM, communication; RRB, restricted repetitive behavior;
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SAM, social amotivation; SAWK, social awkwardness; RTC, resistance to change; PBC,
perseverative behaviors and cognitions.
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