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Abstract Factor analytic studies have been conducted to

examine the inter-relationships and degree of overlap

among symptoms in Autism Spectrum Disorder (ASD).

This paper reviewed 36 factor analytic studies that have

examined ASD symptoms, using 13 different instruments.

Studies were grouped into three categories: Studies with all

DSM-IV symptoms, studies with a subset of DSM-IV

symptoms, and studies with symptoms that were not spe-

cifically based on the DSM-IV. There was consistent sup-

port for a common social/communication domain that is

distinct from a restricted and repetitive behaviours and

interests domain. Implications for symptom conceptuali-

zation and diagnosis in ASD are discussed.
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Introduction

Diagnostic criteria for Autistic disorder currently include a

triad of impairments in the areas of social interaction,

communication, and restricted and repetitive behaviours

and interests (RRBI), as defined in the DSM-IV (APA

1994) and ICD-10 (WHO 1992). This paper reviews and

summarizes factor analytic models that have been tested or

generated in samples of individuals with autism and related

conditions and links the findings to the proposed DSM-5

symptoms of Autism Spectrum Disorder (ASD). The pur-

pose was to identify converging patterns in the symptom

structure of ASD across factor analytic studies. The paper

will include a review of current ASD symptom conceptu-

alization, a review factor analytic studies of ASD symp-

toms, a discussion of the implications of the findings, and

conclusions based on the review.

ASD Symptom Conceptualization

Autistic disorder, Asperger’s disorder, and PDD-NOS are

currently diagnoses within the Pervasive developmental

disorder category in the DSM-IV (APA 1994). However,

there are a number of proposed changes to this category

highlighted by the DSM-5 Neurodevelopmental Disorders

working group (APA 2012). First, the proposed DSM-5

revision includes the name Autism spectrum disorder,

rather than the existing diagnoses under the Pervasive

developmental disorder category. This proposed change

reflects that differentiation of ASD symptoms from typical

developmental can be done reliably while distinctions

among current disorders have been found to be inconsistent

over time (APA 2012). In addition, a single spectrum is

thought to better reflect the fact that ASD is defined by a

common set of behaviours that vary by clinical presenta-

tion and associated features. Second, the proposed DSM-5

revision includes two domains of symptoms, social/com-

munication deficits and fixed interests and repetitive

behaviours, rather than the three domains that currently

exist in the DSM-IV (APA 2012). The DSM-IV diagnosis

J. Shuster � M. E. Toplak

LaMarsh Centre for Child and Youth Research, York University,

Toronto, Canada

e-mail: jillshuster@gmail.com

A. Perry � J. Bebko

York University, Toronto, Canada

M. E. Toplak (&)

Department of Psychology, York University, 4700 Keele St.,

126 BSB, Toronto, ON M3J 1P3, Canada

e-mail: mtoplak@yorku.ca

123

J Autism Dev Disord (2014) 44:90–110

DOI 10.1007/s10803-013-1854-3



of Autistic disorder requires a minimum of six symptoms

of the 12 in three domains, including a minimum of two

symptoms from the social domain, and an age of onset

prior to 3 years. However, the proposed DSM-5 criteria

require that all three symptoms from the social/communi-

cation domain be present as well as at least two of four

symptoms from the fixed interests and repetitive behav-

iours domain. In addition, a new criterion, unusual sensory

behaviours, was added to the fixed interests and repetitive

behaviours domain to expand the types of behaviours that

are included in this domain (APA 2012). As well, the

DSM-IV symptom, stereotyped or repetitive speech, was

moved from the communication domain to the fixed

interests and repetitive behaviours domain in the DSM-5.

The proposed DSM-5 criteria do not have a fixed age of

onset, but rather indicate that symptoms must be present in

early childhood (APA 2012).

Understanding the structure and relationship among ASD

symptoms has important clinical and theoretical implica-

tions. Clinically, accurate and evidence-based diagnostic

criteria are essential for diagnosis. The structure of ASD

symptoms also informs the instruments that are designed to

measure and diagnose ASD symptoms. Theoretically,

empirically-based diagnostic criteria are essential to

understanding the underpinnings of ASD symptoms. As

well, a better understanding of ASD symptom structure can

help inform research in other areas of ASD, such as cogni-

tive and language profiles, response to intervention, and the

link between genes, environmental factors, and behaviours.

Therefore, understanding the structure and relationship of

ASD symptoms is essential to both clinical practice and

research.

Factor Analytic Studies in ASD

Factor analytic studies are an empirical way to examine the

‘‘structure’’ of symptoms. Specifically, factor analytic

studies can provide evidence for the strength of relation-

ships among symptoms. Several factor analytic studies of

ASD have been conducted generating different models for

conceptualizing the symptom domains of ASD. Briefly, the

studies differ by sample size and characteristics, type of

instrument used to measure ASD symptoms, and specific

factor analysis procedures. In terms of ASD measures,

there are a number of observational measures, parent

interview measures, and rating scales designed for different

purposes. These measures are summarized in Appendix

Table 3. In addition to differences in type of report, mea-

sures also differ in the type of items they contain and the

extent to which these models include the 12 DSM-IV

symptoms for Autistic disorder. Needless to say, the

inclusion of different items in factor analyses can affect

which factors are found (Kline 1998).

For this review, studies were classified into three groups

to allow for comparisons between similar studies and to

produce a comprehensive review of studies using different

instruments. The DSM-IV was used as the conceptual

framework, as it provides a taxonomy of symptoms most

consistently used in the literature over a long period of

time, permitting the opportunity to compare models across

studies. The first group included studies that examined all

DSM-IV symptoms of Autistic disorder, including symp-

toms from the social, communication, and RRBI domains.

Within this group, models were reviewed in two sub-

groups: Models with considerable empirical attention and

models examined in a single study. The second group

included studies that examined a subset of DSM-IV

symptoms of Autistic disorder, or symptoms from one or

two of the DSM-IV domains. The third group of studies

included symptoms associated with ASD that were not

based on the DSM-IV model.

Review of Factor Analytic Studies of ASD Symptoms

A search was conducted using the PubMed online database

to capture any studies using factor analysis in samples with

ASD from January 1980 to August 2012. The year of 1980

was chosen as a cut-off point as it was the year that Per-

vasive developmental disorders were first included in the

DSM (APA 1980). However, the earliest study that was

found and included in the review was published in 1991

(Wadden et al. 1991), with all subsequent studies published

in 1998 or later, using symptoms based on the DSM-IV.

Search terms included ‘‘ASD’’, ‘‘Autism’’, ‘‘Autism spec-

trum’’, with ‘‘symptom structure’’, ‘‘factors’’, ‘‘model’’,

and ‘‘factor analysis’’. The initial group of studies found

from this search were examined and any studies cited that

were not found in the initial search were also included.

Studies were included in the current review if they had an

ASD symptom measure (as reviewed by Lord 1997; Lord

and Corsello 2005; Nachshen et al. 2008; Perry and

Condillac 2003), a sample including individuals with an

ASD diagnosis (including Autistic disorder, Asperger’s

disorder, Autism spectrum disorder, High-functioning

autistic disorder, Pervasive developmental disorder, and

Pervasive developmental disorder- Not Otherwise Speci-

fied), and used factor analysis. A number of studies have

recently been published that examine the proposed DSM-5

criteria, but studies were only included in the current

review if they included an ASD symptom measure, a

sample of individuals with an ASD diagnosis, and used

factor analytic techniques.

A total of 36 studies were identified. Of these studies, 27

included a heterogeneous group of individuals (i.e.,

Autistic disorder, Asperger’s disorder, and PDD-NOS).
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Two studies (Eaves and Williams 2006; Lam et al. 2008)

included individuals with a diagnosis of Autistic disorder

only. One study included a sample of individuals with ASD

and learning disabilities (Wadden et al. 1991) or language

difficulties (Honey et al. 2008). Two studies (Richler et al.

2007, 2010) included a sample of individuals with ASD,

developmental delays, and typical development, while one

study (Posserud et al. 2008) included a sample of typically

developing school-aged children. Mandy et al. (2012)

included a sample of individuals with ASD and Broader

Autism Phenotype. Finally, Constantino et al. (2004)

included a sample of individuals with ASD and individuals

with comorbid psychiatric disorders. The review included

studies with these different sample compositions to allow

an understanding of how ASD symptoms are related in

samples with different amounts of symptom variance.

The studies also differed by type of instrument, content

of items, method of statistical analysis, and the nature of

the sample studied. Eighteen studies used a parent inter-

view, such as the Autism Diagnostic Interview-Revised

(ADI-R; Lord et al. 1994), while seven studies used a direct

observation measure, such as the Autism Diagnostic

Observation Schedule (ADOS; Lord et al. 2000) or

Childhood Autism Rating Scale (CARS; Schopler et al.

1988), and 13 studies used a rating scale, such as the Social

Communication Questionnaire (SCQ; Rutter et al. 2003).

The content of items included in the analysis also

impacts the results obtained. The ADI-R, ADOS, and the

SCQ all include information on the three domains of

Autistic disorder symptoms. However, the ADI-R is a

detailed interview in which a trained clinician gathers

current and historical information from a parent or guard-

ian, while in the ADOS a clinician rates current behaviours

based on direct observation, and the SCQ is a questionnaire

completed by a third-party, such as a parent or teacher.

Some studies based on the ADI-R have used subdomains in

the analyses (e.g., Boomsma et al. 2008; Frazier et al.

2008; Georgiades et al. 2007; Van Lang et al. 2006), while

others have included some or all individual items (e.g.,

Snow et al. 2009; Tadevosyan-Leyfer et al. 2003). In

addition, the latter two studies used all or most items, while

other studies have focused on one or two domains, such as

the social and communication domains (Robertson et al.

1999; Tanguay et al. 1998) or the RRBI domain (Bishop

et al. 2006; Cuccaro et al. 2003; Honey et al. 2008; Lam

et al. 2008; Mooney et al. 2009; Richler et al. 2007, 2010;

Szatmari et al. 2006). Studies using the 12 subdomains of

the ADI-R were classified as studies examining symptoms

based on the DSM-IV while studies using individual items

of the ADI-R were not, as these studies used different

items. The content generated by different instruments is an

important source of variability among the studies reviewed

that impacts the results of the studies included in the

review. However, to gain a comprehensive understanding

of how symptoms of ASD may be related, it was important

to include studies that used a variety of measures to assess

ASD symptoms and use categories based on the DSM-IV

for comparison.

The factor analytic studies reviewed also varied by

method of statistical analysis, falling into three different

statistical procedures. In 16 studies, principal component

analysis (PCA) was used (e.g., Constantino et al. 2004;

Georgiades et al. 2007; Tadevosyan-Leyfer et al. 2003)

while in 10 studies, exploratory factor analysis (EFA) was

used (e.g., Van Lang et al. 2006), both of which are

inductive techniques used to examine patterns in data. In

PCA, a large number of variables are optimally combined

into a smaller number of subsets, while EFA is used to

identify the structure underlying a number of variables

(Tabachnick and Fidell 2007). In 14 additional studies,

confirmatory factor analysis (CFA) was used (e.g., Boom-

sma et al. 2008; Frazier et al. 2008; Norris et al. 2012; Snow

et al. 2009), which specifies the number of factors and paths

in advance, making it a powerful technique for testing

specific models based on theoretical considerations. PCA

and EFA are exploratory techniques that are useful in

describing and summarizing the common components or

factors that underlie a set of variables and are often used in

the early stages of research to generate hypotheses about

underlying relationships (Tabachnick and Fidell 2007).

CFA, on the other hand, is a more sophisticated technique

that is used to test relationships that are based on previously

generated hypotheses. Given these differences, the results

from studies using CFA could be considered to have a

stronger theoretical and statistical basis.

Finally, sample sizes varied considerably across studies,

ranging from fewer than 100 to more than 1,000 partici-

pants, with Frazier et al. (2012) including a sample of

14,744 individuals. Sample size can affect the power of

analyses and the statistical significance of results. As a

general rule, for exploratory factor analysis such as PCA, a

sample size of 300 or more is recommended (Tabachnick

and Fidell 2007). However, solutions with high loading

marker variables ([.80) and fewer marker variables can use

smaller sample sizes, such as 150 cases (Guadagnoli and

Velicer 1988). For structural equation modelling and CFA,

sample size depends on a model’s degrees of freedom. For

example, to achieve power of .80, a model with 100� of

freedom requires a minimum sample size of 132 while a

model with 10� of freedom requires a sample size of 782

(MacCallum et al. 1996). Furthermore, sample character-

istics, such as gender, cognitive level, age, and specific

diagnosis can also affect results, as symptoms of ASD vary

throughout development and by gender and specific diag-

nosis (Charman et al. 2005; Lord et al. 2006). Instrument

selection, content of items, method of statistical analysis,
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and nature of the sample were all taken into account in the

present review.

Studies with all DSM-IV Symptoms: Models Examined

in Multiple Studies

Thirteen studies were found that included all 12 DSM-IV

symptoms of Autistic disorder. These studies differed in a

number of ways. The studies differed by measure used, as

the ADI-R was used in six studies, the ADOS was used in

three studies, and one study each used the Early Childhood

Inventory-4 (ECI-4; Gadow and Sprafkin 2000), Social

Communication Questionnaire (SCQ; Rutter et al. 2003),

Developmental, Dimensional and Diagnostic Interview

(3di; Skuse et al. 2004) or Autism Spectrum Disorder-

Diagnostic for Children (ASD-CD; Matson et al. 2009).

The studies also differed by method of statistical analysis,

with four studies using both exploratory and confirmatory

factor analysis, three studies using only exploratory factor

analysis or principal component analysis, and six studies

using only confirmatory factor analysis. The studies also

ranged in sample size from 255 individuals (Van Lang

et al. 2006) to 14,744 individuals (Frazier et al. 2012).

Despite these differences, comparisons were conducted

among studies when similar domains were tested within the

studies. Non-DSM-IV models that were supported and used

the 12 DSM-IV symptoms or proposed DSM-5 symptoms

are summarized in Appendix Fig. 1.

Within the 13 studies, there were six models that

received considerable empirical attention: the DSM-IV

three-factor model consisting of social, communication,

and RRBI factors; a three-factor model consisting of social/

communication, play/peer, and RRBI factors; a proposed

DSM-5 two-factor model consisting of social/communi-

cation and RRBI factors; a two-factor model consisting of

social/communication and RRBI factors (with stereotyped

speech included in the social/communication factor); a

two-factor model consisting of social/communication and

RRBI factors (with stereotyped speech included in the

RRBI factor); and a one-factor model. These studies are

summarized in Table 1 and are described below.

Three-factor DSM-IV Model

The DSM-IV model was tested in eight studies and support

was found in two studies using different measures,

including the ADI-R (Snow et al. 2009) and ECI-4

(Lecavalier et al. 2009). On the other hand, Boomsma et al.

2008, Frazier et al. 2008, Georgiades et al. 2007, and Van

Lang et al. 2006, did not find support for this model while

using the ADI-R and Mandy et al. (2012) did not find

support for the model using the 3di. Norris et al. (2012)

found partial support for this model, but did not find that it

was a better fit than other models tested in the study. All of

the studies had an adequate sample size, ranging from 255

individuals with ASD (Van Lang et al. 2006) to 1,861

individuals with PDD (Snow et al. 2009). All authors of the

studies used confirmatory methods (Boomsma et al. 2008;

Frazier et al. 2008; Georgiades et al. 2007; Lecavalier et al.

2009; Mandy et al. 2012; Norris et al. 2012; Snow et al.

2009; Van Lang et al. 2006).

It is important to consider why two studies supported the

DSM-IV model and five studies did not. One reason for

these differences may be related to modelling issues, such

as those found in the social/communication domain.

Boomsma et al. (2008) and Van Lang et al. (2006)

encountered estimation problems with the DSM-IV model

that prevented this model from being supported. In both of

these studies, when testing the DSM-IV model using con-

firmatory factor analysis, the social and communication

domains had a correlation greater than one that prevented

the model from being identified. Van Lang et al. (2006)

found a covariance that was not positive between the social

and communication factors, suggesting high multicolline-

arity, or overlap, between these factors. Boomsma et al.

(2008) found a correlation greater than one between the

social and communication factors. These modelling issues

lead to the same conclusion, suggesting substantial overlap

between the social and communication domains, but sep-

arability of the RRBI domain.

Three-factor Social/Communication, Play/Peer, and RRBI

Model

A three-factor model consisting of social/communication,

play/peer, and RRBI factors was supported in all three

studies in which it was tested (Boomsma et al. 2008; Fra-

zier et al. 2008; Van Lang et al. 2006). The play/peer factor

consisted of the failure to develop peer relationships (from

the social domain) and lack of varied spontaneous make-

believe or social imitative play symptoms (from the com-

munication domain). The RRBI factor contained all

symptoms from the DSM-IV RRBI domain as well as

stereotyped language. All three studies used the 12 sub-

domains of the ADI-R to test the model. Van Lang et al.

(2006) originally used exploratory factor analysis to

determine the model, which has subsequently been sup-

ported using confirmatory factor analysis (Boomsma et al.

2008; Frazier et al. 2008). Frazier et al. (2008) used both

exploratory and confirmatory factor analysis. Boomsma

et al. (2008) and Frazier et al. (2008) included a sample of

verbal individuals with ASD while Van Lang et al. (2006)

included both verbal and non-verbal individuals with ASD

as well as individuals who were sub-threshold for ASD.

Relative to the DSM-IV factor model, this model collapsed

social and communication into one domain, which may
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better explain the data patterns and the reason Boomsma

et al. (2008) and Van Lang et al. (2006) could not estimate

the DSM-IV models, as the social and communication

factors were highly related. The emergence of the play/peer

factor appears to be empirically distinct from the social/

communication factor, as shown by empirical support for

this three-factor model. In summary, three studies using the

same measure and both confirmatory and exploratory fac-

tor analysis found support for a three-factor model of ASD

symptoms consisting of social/communication, play/peer,

and RRBI factors.

Two-factor Social/Communication and RRBI Model

A two-factor model consisting of social/communication

and RRBI has been examined in two ways: with stereo-

typed speech included in the RRBI domain or with ste-

reotyped speech included in the social/communication

domain. When stereotypic speech was included in the

RRBI domain, Frazier et al. 2008, Gotham et al. 2007, and

Gotham et al. 2008 showed support for the two-factor

social/communication and RRBI model. When stereotyped

speech was included with the social/communication

domain (Boomsma et al. 2008; Frazier et al. 2008;

Lecavalier et al. 2009; Snow et al. 2009; Van Lang et al.

2006), only Snow et al. (2009) found support for this

model. All of the instruments were based on DSM-IV

symptoms. These studies provided support for a two-factor

model of ASD symptoms, consisting of a social/commu-

nication factor and an RRBI factor.

Two-factor Proposed DSM-5 Social/Communication

and RRBI Model

A two-factor model consisting of social/communication

and RRBI based on the proposed DSM-5 model (APA

2012) was examined by Mandy et al. (2012) and Norris

et al. (2012). Mandy et al. (2012) examined the proposed

DSM-5 model using the 3di, a parent interview based on

the DSM-IV symptoms for Autistic disorder in a sample of

708 individuals with ASD and Broader Autism Phenotype

using CFA and found support for the proposed DSM-5

model. In order to include the proposed sensory symptom

that is not currently included in the DSM-IV diagnostic

criteria for Autistic disorder, they created a sensory scale

from five 3di sensory items.

Norris et al. (2012) also examined the proposed two-

factor DSM-5 model in a sample of 1,409 individuals with

ASD using the ADOS and found that it was not a better fit

than two other competing models, a one-factor model and

the three-factor DSM-IV model. Taken together, these two

studies provide some preliminary support for the proposed

DSM-5 model.

One-factor Model

A one-factor model, including all ASD symptoms from a

given instrument, was examined in nine studies (Boomsma

et al. 2008; Frazier et al. 2008; Gotham et al. 2007, 2008;

Lecavalier et al. 2009; Mandy et al. 2012; Norris et al.

2012; Snow et al. 2009; Van Lang et al. 2006). No studies

found support for a one-factor model of ASD symptoms.

Although Norris et al. (2012) found some support for this

model, they did not find that it was a better fit than other

models tested (DSM-IV three-factor model and proposed

DSM-5 two-factor model). When a one-factor model was

tested using confirmatory analyses, other models were

found to be better supported by the data in most studies

(Frazier et al. 2008; Gotham et al. 2007, 2008; Lecavalier

et al. 2009; Snow et al. 2009; Van Lang et al. 2006) or no

fit was obtained (Boomsma et al. 2008), suggesting that a

one-factor model is not well-supported by the data.

In addition, there were three models that were only

tested in one study and received support in that single

study. These studies used a range of measures (individual

items and subdomains of the ADI-R, ADOS, and ASD-

DC), sample sizes of less than 300 individuals, and

exploratory methods of factor analysis. All of these studies

generally converged, showing overlap between the social/

communication domains and separability from the RRBI

domain (Georgiades et al. 2007; Lecavalier et al. 2006;

Matson et al. 2009).

To summarize, two models that used DSM-IV symp-

toms have received consistent empirical support: a three-

factor social/communication, play/peer, and RRBI model,

and a two-factor social/communication and RRBI model.

Preliminary support has been found for the proposed DSM-

5 model, which was examined in two studies.

Studies with a Subset of DSM-IV Symptoms

The authors of 10 studies examined the structure of

symptoms in only the RRBI domain, while the authors of

two studies examined symptoms in only the social and

communication domains.

Restricted and Repetitive Behaviours and Interests (RRBI)

Domain

Within the RRBI domain, a two-factor model of symptoms

using the ADI-R was supported in six of seven studies in

which it was examined (Bishop et al. 2006; Cuccaro et al.

2003; Mirenda et al. 2010; Mooney et al. 2009; Richler

et al. 2007, 2010; Szatmari et al. 2006). This two-factor

model consisted of repetitive sensory motor and resistance

to change factors (also named insistence on sameness). In a

study that used the Repetitive Behavior Scale-Revised
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(RBS-R), a broader measure of RRBI symptoms, Mirenda

et al. (2010) did not find support for this two-factor-model.

Other models using exploratory factor analytic techniques

have derived three or more factors (Lam et al. 2008; Honey

et al. 2008; Mirenda et al. 2010; Lam and Aman 2007).

While different studies have showed different results

depending on the measure selected and type of analysis, it

is evident that, when only the RRBI domain is examined

without the other ASD symptoms, it is not unitary. The

most consistent empirical support has been found for a

two-factor model, consisting of repetitive sensory motor

and resistance to change factors. However, even when a

two-factor RRBI solution is derived, these two factors

remain separable from the social/communication domains

(Georgiades et al. 2007). The results of these studies that

examined only symptoms in the RRBI domain may have

limited bearing on the structure of ASD symptoms as they

only examine a subset of these symptoms.

Communication and Social Domains

Tanguay et al. (1998) and Robertson et al. (1999) examined

models of symptoms from the communication and social

domains using the ADI-R (Tanguay et al. 1998) and ADI-R

and ADOS (Robertson et al. 1999). Both studies included

small sample sizes (N = 51 and N = 63, respectively), and

found support for a three-factor model using exploratory

analyses, interpreted as joint attention, affective reciproc-

ity, and theory of mind. Tanguay et al. (1998) used 28

items from the social and communication domains of the

ADI-R. However, only 16 items had a factor loading of .53

or greater and were subsequently included as part of the

three factors. Robertson et al. (1999) included these 16

items from the ADI-R as well as 13 items from the social

and communication domains of the ADOS and found a

similar three-factor model in both measures. Correlations

among the factors were not reported in either study. Given

the limited sample size and smaller number of items used

in each study, the results of these two studies likely have

limited generalizability to other studies.

Studies with Symptoms Not Based on the DSM-IV

Eleven studies used measures that assess symptoms related

to ASD not specifically derived from the DSM-IV. These

measures included: Autism Behavior Checklist, Autism

Diagnostic Interview- Revised (ADI-R) with individual

items, Autism Spectrum Screening Questionnaire, Child-

hood Autism Rating Scale, Gilliam Autism Rating Scale,

the Pervasive Developmental Disorder Rating Scale, and

the Social Responsiveness Scale (SRS). When interpreting

the results of these studies, it is important to consider that

with the exception of Eaves and Williams (2006), all

studies used exploratory factor analysis or principal com-

ponent analysis. Additionally, most studies, with the

exception of Posserud et al. (2008) contain small sample

sizes. Therefore, the studies were included to contribute to

this comprehensive review, but their conclusions should

generally be interpreted with caution.

Three studies used individual items of the ADI-R and

found evidence for different models in small samples

(Constantino et al. 2004; Kamp-Becker et al. 2009; Tade-

vosyan-Leyfer et al. 2003). Constantino et al. (2004) used

exploratory analyses with individual items from the ADI-R

and SRS, and found evidence for a one-factor model.

Unlike the other studies, his sample included individuals

with ASD as well as other psychiatric diagnoses.

Kamp-Becker et al. (2009) and Tadevosyan-Leyfer et al.

(2003) found support for a four- and six-factor model of

ASD symptoms using individual items from the ADI-R.

Lecavalier et al. (2006) found a three-factor model con-

sisting of the same domains as the DSM-IV three-factor

model, except that the non-verbal items from the commu-

nication factor loaded onto the social factor, suggesting

overlap between the social and communication domains.

Lecavalier (2005) found support for a three-factor model

consisting of communication, social interaction, and

repetitive behaviours factors using exploratory analyses

with the Gilliam Autism Rating Scale (GARS) in a sample

of 284 children with ASD. DiLalla and Rogers (1994) found

support for a different three-factor model consisting of

social impairment, negative emotionality, and distorted

sensory response in a small sample of 69 individuals with

Autistic disorder, PDD, and clinical controls. Magyar and

Pandolfi (2007) found support for a four-factor model

consisting of social/communication, social interaction,

stereotypies and sensory abnormalities, and emotional reg-

ulation in a sample of 164 individuals with ASD. In a

smaller sample (N = 90), Stella et al. (1999) found support

for a five-factor model consisting of social/communication,

emotional reactivity, social orienting, cognitive and

behavioural consistency, and odd sensory exploration.

While the three studies had different names for some fac-

tors, there is some overlap with all three studies finding a

largest factor consisting of social/communication behav-

iours, as well as some overlap with the emotional reactivity/

emotional regulation factors. In each study, symptoms

related to RRBI were separate from the social and com-

munication factors. A final set of studies derived a quali-

tatively different set of factors (Eaves and Williams 2006;

Miranda-Linne and Melin 2002; Posserud et al. 2008), but

not inconsistent with the general patterns reported thus far.
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Table 2 Summary of all models tested by studies

Model Study Support

Studies with all DSM-IV symptoms (ADI-R, ADOS, ASD-CD, ECI-4, SCQ, 3Di)

4-factors: Non-verbal communication-socialization,

verbal communication, social relationships, and

RRBI

Matson et al. (2009) Yes

3-factors (DSM-IV model): Social (S1–S4),

communication (C1–C4), RRBI (R1–R4)

Boomsma et al. (2008)

Frazier et al. (2008)

Georgiades et al. (2007)

Lecavalier et al. (2009)

Mandy et al. (2012)

Norris et al. (2012)

Snow et al. (2009)

Van Lang et al. (2006)

No

No

No

Yes

No

No

Yes

No

3-factors: Social affect, RRBI, joint attention

(ADOS)

Gotham et al. (2008) No

3-factors: Social (S1–S4, C2, C3), communication

(C1, C4), RRBI (R1–R4)

Lecavalier et al. (2006) Yes

3-factors: Social/communication (S1, S3, S4, C1,

C3), Play/Peer (S2, C2), RRBI (C4, R1–R4)

Boomsma et al. (2008)

Frazier et al. (2008)

Van Lang et al. (2006)

Yes

Yes

Yes

3-factors: Social/communication (S1–S4, C1),

inflexible language and behaviours (C2, C3, R1,

R2), inflexible language and behaviours (R3, R4)

Georgiades et al. (2007) Yes

2-factors: Social/communication (S1–S4, C1–C4),

RRBI (R1–R4)

Boomsma et al. (2008)

Frazier et al. (2008)

Snow et al. (2009)

Van Lang et al. (2006)

Lecavalier et al. (2009)

No

No

Yes

No

No

2-factors: Social/communication (S1–S4, C1–C2,

C4) RRBI (C4, R1–R4),

Frazier et al. (2008)

Gotham et al. (2007)

Gotham et al. (2008)

Norris et al. (2012)

Yes

Yes

Yes

No

2-factors: Proposed DSM-5 model Mandy et al. (2012) Yes

2-class 2-factors Frazier et al. (2012) Yes

1-factor: All symptoms Boomsma et al. (2008)

Frazier et al. (2008)

Frazier et al. (2012)

Gotham et al.(2007)

Gotham et al. (2008)

Lecavalier et al. (2009)

Mandy et al. (2012)

Norris et al. (2012)

Snow et al. (2009)

Van Lang et al. (2006)

No

No

No

No

No

No

No

No

No

No

Studies with a subset of DSM-IV symptoms: RRBI domain (ADI-R, ADOS, RBS-R)

6-factors: Stereotypic, self-injurious, compulsive,

ritualistic, sameness, and restricted interests

Mirenda et al. (2010) No

5-factors: Ritual/sameness, self-injurious

behaviours, stereotypic behaviour, compulsive

behaviour, and restricted interests

Lam and Aman (2007)

Mirenda et al. (2010)

Yes

Yes

4-factors: Stereotyped restricted, self-injurious,

compulsive, and ritualistic sameness

Mirenda et al. (2010) No
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Table 2 continued

Model Study Support

3-factors: Compulsive ritualistic sameness, self-

injurious, and restricted stereotyped behaviours

Mirenda et al. (2010) Yes

3-factors: Repetitive motor behaviours, insistence on

sameness, and circumscribed interests

Lam et al. (2008) Yes

2-factors: Repetitive sensory motor and resistance to

change (Insistence on sameness and repetitive

sensory and motor behaviours)

Bishop et al. (2006)

Cuccaro et al. (2003)

Mirenda et al. (2010)

Mooney et al. (2009)

Richler et al. (2007)

Richler et al. (2010)

Szatmari et al. (2006)

Yes

Yes

No

Yes

Yes

Yes

Yes

1-factor: RRBI Mirenda et al. (2010) No

Studies with a subset of DSM-IV symptoms: Social/communication domains (ADI-R, ADOS)

3-factors: Joint attention, affective reciprocity, and

theory of mind

Robertson et al. (1999)

Tanguay et al. (1998)

Yes

Yes

Studies with symptoms not based on DSM-IV model (ADI-R, ABC, ASSQ, CARS, GARS, PDDRS, SRS)

6-factors: Spoken language, social intent,

compulsions, milestones, savant skills, and sensory

aversions

Tadevosyan-Leyfer et al. (2003) Yes

5-factors: Social-communication, non-verbal

behaviour, hyperactivity, stereotyped behaviours,

interests, and compulsions

Kamp-Becker et al. (2009) Yes

5-factors: Non-responsive behaviour, infant-like

behaviour, aggressive behaviour, stereotyped

behaviour, and echolalic speech (Autism Behavior

Checklist)

Miranda-Linne and Melin (2002) Yes

5-factors: Social/communication, emotional

reactivity, social orienting, cognitive and

behavioural consistency, and odd sensory

exploration (CARS)

Stella et al. (1999) Yes

4-factors: Social-communication, anxiety and

compulsions, stereotyped behaviour, and

inadequate behaviours

Kamp-Becker et al. (2009) Yes

4-factors: Social/communication, social interaction,

stereotypies and sensory abnormalities, and

emotional regulation (CARS)

Magyar and Pandolfi (2007) Yes

3-factors: Impairments in communication,

impairments in social interaction, and repetitive

behaviour

Lecavalier (2005) Yes

3-factors: Social difficulties, repetitive and

stereotyped behaviours, and autistic-like style

(ASSQ)

Posserud et al. (2008) Yes

3-factors: Non-responsive, aloof/repetitive, and

infantile/aggressive (Autism Behavior Checklist)

Wadden et al. (1991) Yes

General factor 3-factors: Autism (general factor),

cognition, affect, and arousal (PDDRS)

Eaves and Williams (2006) Yes

3- factors: Social impairment, negative emotionality,

and distorted sensory response (CARS)

DiLalla and Rogers (1994) Yes

1-factor (ADI-R) Constantino et al. (2004) Yes
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Table 2 includes a summary of all the models tested in each

study.

Discussion

In this review, we grouped factor analytic studies of autism

symptoms into three categories: studies with all DSM-IV

symptoms, those with a subset of DSM-IV symptoms, and

those with symptoms not specifically based on the DSM-

IV. Overall, the findings from the factor analytic studies

that included all DSM-IV symptoms suggested that the

combined social/communication domain is separate from

the RRBI domain. Specifically, the most support was found

for a three-factor social/communication, play/peer, and

RRBI model (supported in three of three studies), and a

two-factor social/communication and RRBI model, with

stereotyped language included in the RRBI factor (sup-

ported in three of four studies). While two items from the

social and communication domains formed a separate play/

peer factor, the remainder of the social/communication

items remained a unitary factor. Less support was found for

the current DSM-IV triad model of symptoms (two of eight

studies). Consistent with these findings, Frazier et al.

(2008) examined all three of these models and found

support for both the three-factor social/communication,

play/peer, and RRBI model and the two-factor model, but

not the DSM-IV three-factor model.

The results of this review converge on two general

conclusions. First, the social and communication domains

typically emerge as a single factor. Second, the RRBI

domain (including repetitive language) was consistently

separate from the social and communication domains. This

two-factor model of symptoms, consisting of a social/

communication factor and an RRBI factor, is consistent

with the proposed DSM-5 model of ASD, as stated by the

DSM-5 Neurodevelopmental Working Group (APA 2012).

While the overall findings from this review support a two

domain model of ASD symptoms, it is important to

acknowledge inconsistencies in these findings. For example,

within the group of 13 studies with all DSM-IV symptoms,

support was found for nine different models. However four

of these models were only supported by one study each and

of these studies, three used exploratory factor analysis

(Georgiades et al. 2007; Lecavalier et al. 2006; Matson et al.

2009). When comparing the studies that found support for

the three-factor model consisting of social/communication,

play/peer, and RRBI factors with the studies that found

support for the two-factor model consisting of social/com-

munication and RRBI factors, it is important to take into

account that the three studies in the former category used the

ADI-R while two of the three studies in the latter category

used the ADOS. It is possible that differences resulting from

source of information as well as specific items could affect

the results even though both measures are based on the

DSM-IV criteria for Autistic disorder. While the emergence

of the play/peer factor has not consistently been found in

factor analytic studies, it is important to consider that play

and peer may be importantly related. This is consistent with

the proposed DSM-5 criteria that include these two items in

a common symptom (APA 2012).

When the RRBI domain was examined separately, a

two-factor model of symptoms within the RRBI domain

received support from six out of seven studies in which this

model was tested (Bishop et al. 2006; Cuccaro et al. 2003;

Mooney et al. 2009; Richler et al. 2007, 2010; Szatmari

et al. 2006). The two factors were a repetitive sensory

motor factor and a resistance to change factor. These

studies (e.g., Cuccaro et al. 2003; Mooney et al. 2009)

found that ADI-R items that loaded onto the repetitive

sensory motor factor included hand and finger mannerisms,

unusual sensory interests, complex mannerisms, and

repetitive use of objects, while items that loaded onto the

resistance to change factor included difficulties with

changes to routine and changes to the environment, and

compulsions and rituals. The presence of these items sup-

ports adding hyper-reactivity to sensory input in the DSM-

5. However, the DSM-5 also includes hypo-reactivity,

which was not found to onto either RRBI factor in the

studies. A two-factor model for RRBI seems to emerge

when these symptoms are examined in isolation, however

Georgiades et al. (2007) reported a three-factor model

including social/communication, inflexible language and

behaviours, and repetitive sensory and motor behaviours

factors. It will be important for future factor analytic

studies to include more symptoms within the RRBI domain

with other ASD symptoms to better understand whether the

RRBI domain is a best conceptualized as consisting of one

or multiple domains.

It is important to acknowledge the heterogeneity within

these studies, which may have affected the resulting

models. Many studies included samples with verbal and

non-verbal individuals, while two studies (Boomsma et al.

2008; Frazier et al. 2008) included only verbal individuals.

Studies also included individuals with different cognitive

abilities. Twenty studies included individuals with a range

of cognitive abilities; two studies (Frazier et al. 2008;

Kamp-Becker et al. 2009) included a sample of individuals

with cognitive ability within the average range, while 10

studies did not report cognitive ability. As cognitive ability

and presence of speech before the age of five are important

predictors of outcome (reviewed in Klinger and Dawson

1996), these are important sources of heterogeneity in

individuals with ASD. Studies also included individuals of
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different ages. Twenty studies included individuals ranging

from young children to adults, 11 studies included samples

of only children, and one study (Tadevosyan-Leyfer et al.

2003) did not report the age of the individuals in the

sample. Finally, while many studies included a sample of

individuals with ASD, some (e.g., Constantino et al. 2004;

Kamp-Becker et al. 2009; Mandy et al. 2012; Posserud

et al. 2008; Richler et al. 2007) included individuals with

typical development, Broader Autism Phenotype, or other

psychiatric diagnoses, respectively. This adds additional

variance to the samples with which the studies were con-

ducted. It remains an empirical question whether inclusion

of variables such as presence of language, cognitive ability,

specific diagnosis, or age are important in factor analytic

models. Given the sample heterogeneity of the studies

reviewed in the current study, it will be important for future

factor analytic studies to examine the role of additional

variables, such as age, cognitive ability, and language

ability, in order to better understand the relationship

between these variables and ASD symptom structure. This

could be accomplished by using these variables to form

different sample groups or including the variables within

the factor analysis. Recently, Mandy et al. (2012) used a

similar approach to examine different ASD symptom

structures and found the proposed DSM-5 structure to be

stable across age, sex, as well as different degrees of ASD

symptoms. In addition, given the current support for a two-

domain model of symptoms, future cognitive and genetic

research could focus on each domain and then on under-

standing why the two domains consistently co-occur in

individuals with ASD. Finally, future studies should also

consider a hierarchical or general factor model, which

unlike correlated factors examines both the separability and

relatedness of symptoms (Gibbons and Hedeker 1992).

This type of model may be useful in accounting for the

variation in heterogeneous samples, such as individuals

with ASD. Eaves and Williams (2006) found support for a

hierarchical model in their small sample. More recently,

Frazier et al. (2012) used a factor mixed model approach to

examine ASD symptom structure.

A unified social/communication domain that is separate

from an RRBI domain is different from the current DSM-

IV conceptualization of ASD symptoms and more consis-

tent with the proposed DSM-5 diagnostic criteria (APA

2012). It is important to consider the relationship between

symptom conceptualization and genetic findings of ASD.

While it is clear that ASD has a genetic basis, a specific

genetic cause for more than a small percentage of cases has

been elusive. Using multivariate twin-model fitting, it was

found that most genetic effects are specific, acting on just

one domain of ASD symptoms rather than the set of

symptoms (Ronald et al. 2006a, b).

Support for a two-domain symptom conceptualization has

implications for assessment and intervention in ASD. With

respect to assessment and diagnosis, considering social/

communication and RRBI symptoms separately but requir-

ing symptoms from both domains would be consistent with

the overall findings from this review and in line with the

proposed DSM-5 diagnostic criteria. Based on this review, it

is difficult to suggest how many symptoms should be

included in each domain, although it appears that peer rela-

tionships and imaginative play could share an underlying

relationship, which is consistent with including them in a

common symptom in the proposed DSM-5 criteria. In

addition, it will be important to further examine the factor

structure of the RRBI symptoms while including symptoms

from the social/communication domain to better understand

their overall structure. The results of studies that have begun

to examine the construct validity of the proposed DSM-5

criteria (e.g., Gibbs et al. 2012; Matson et al. 2012; Mattila

et al. 2011; McPartland et al. 2012; Taheri and Perry 2012;

Worley and Matson 2012) emphasize the importance of

examining proposed changes to diagnostic criteria empiri-

cally to understand diagnostic implications.

Conclusions

Overall, the results from this review of factor analytic

studies of autism symptom structure suggest that a unitary

social/communication factor exists that is separate from the

RRBI factor, which is consistent with the proposed two-

domain structure of the DSM-5. Studies that included all

DSM-IV symptoms found support for two models other

than the current DSM-IV model: a three-factor model

consisting of social/communication, play/peer, and RRBI

factors and a two-factor model consisting of social/com-

munication and RRBIs (including stereotyped language).

Future research that includes greater attention to sample

characteristics and statistical methodology will help clarify

these issues further.
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Table 3 Summary of studies included in review

Measure (author; type of information) Number of studies Domains of interesta

Studies with all DSM-IV symptoms

Autism Diagnostic Interview- Revised (Lord

et al. 1994; parent interview; subdomains)

4 (Boomsma et al. 2008; Frazier et al. 2008;

Georgiades et al. 2007; Van Lang et al. 2006)

Social, communication, and RRBI

Autism Diagnostic Interview- Revised (Lord

et al. 1994; parent interview; individual

algorithm items)

2 (Lecavalier et al. 2006; Snow et al. 2009) Social, communication, and RRBI

Autism Diagnostic Observation Schedule (Lord

et al. 2000; observation of child/youth)

3 (Gotham et al. 2007; Gotham et al. 2008; Norris et al.

2012)

Social, communication, and RRBI

Autism Spectrum Disorders- Diagnostic for

Children (Matson et al. 2009; parent rating

scale)

1 (Matson et al. 2009) Social, communication, and RRBI

Developmental, Dimensional and Diagnostic

Interview (3di; Skuse et al. 2004; parent

interview)

1 (Mandy et al. 2012) Social, communication, and RRBI

Early Childhood Inventory (Gadow and Sprafkin

2000; parent rating scale)

1 (Lecavalier et al. 2009) Social, communication, and RRBI

Social Communication Questionnaire (Rutter

et al. 2003; parent rating scale)

1 (Frazier et al. 2012) Social, communication, and RRBI

Studies with a subset of DSM-IV symptoms

Autism Diagnostic Interview- Revised (Lord

et al. 1994; parent interview; individual items)

2 (Robertson et al. 1999; Tanguay et al. 1998) Social and communication

Autism Diagnostic Interview- Revised (Lord

et al. 1994; parent interview; individual items)

8 (Bishop et al. 2008; Cuccaro et al. 2003; Honey et al.

2008; Lam et al. 2008; Mooney et al. 2009; Richler

et al. 2007; Richler et al. 2010; Szatmari et al. 2006)

RRBI

Repetitive Behavior Scale-Revised (Bodfish

et al. 1999; parent rating scale)

2 (Lam and Aman 2007; Mirenda et al. 2010) RRBI

Studies with symptoms not based on the DSM-IV

Autism Behavior Checklist (Krug et al. 1980;

parent rating scale)

2 (Miranda-Linne and Melin 2002; Wadden et al.

1991)

Social, communication, and RRBI

(not all aspects)

Autism Diagnostic Interview- Revised (Lord

et al. 1994; parent interview; individual items)

3 (Constantino et al. 2004; Kamp-Becker et al. 2009;

Tadevosyan-Leyfer et al. 2003)

Social, communication, and RRBI

Autism Spectrum Screening Questionnaire

(Ehlers and Gillberg 1993; parent rating scale)

1 (Posserud et al. 2008) Social, communication, and RRBI

Childhood Autism Rating Scale (Schopler et al.

1988; observation of child/youth)

3 (DiLalla and Rogers 1994; Magyar and Pandolfi

2007; Stella et al. 1999)

Social, communication, and RRBI

Gilliam Autism Rating Scale (Gilliam 1995;

parent rating scale)

1 (Lecavalier 2005) Social, communication, and RRBI

Pervasive Developmental Disorder Rating Scale

(Eaves 1993; parent rating scale)

1 (Eaves and Williams 2006) Social, communication, and RRBI

(not all aspects)

Social Responsiveness Scale (Constantino 2002;

parent rating scale)

2 (Constantino et al. 2004; Frazier et al. 2012) Social, communication, and RRBI

a While the specific items composing the three domains of interest, social, communication, and RRBI, vary by measure, there is evidence that the

domains refer to the same constructs. In a review of diagnostic instruments in ASD, Lord & Corsello (2005) found that there was substantial

convergent validity between instruments such as the ADI, ADOS, and CARS
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Fig. 1 Summary of studies with DSM-IV or DSM-5 symptoms.
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behaviours (Color figure online)
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