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Abstract: The number of studies addressing the latent structure of specific screening and diagnostic tools for autism
spectrum conditions is still limited. The current study explored the latent structure of the Bulgarian CAST (Childhood
Autism Spectrum Test) in screening for autism in the Bulgarian population. The data were analysed using factor
analyses. A hierarchical model with two primary factors yielded best data fit. This structure is consistent with the two
main categories adopted in the DSM-5 and current accounts of the range of conditions broadly falling into two main
clusters of symptoms. These results confirm the validity of CAST as a tool for screening for autism spectrum conditions
in other cultures and support the construct validity of the model and criteria included in the DSM-5. Furthermore, our
results demonstrate how factor analysis can be exploited to reveal the underlying structure of screening tools aimed at

capturing the behavioural traits of deficit phenotypes.
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INTRODUCTION

Autism is a range of neurodevelopmental disorders
characterized by profound social impairment, impaired
communication abilities and repetitive and stereotyped
behavior according to DSM-5. The symptoms of autistic
conditions are distributed on a scale of severity ranging
from severe impairment in childhood autism to milder
impairment in high-functioning autism and Asperger
syndrome (ICD-10). An important question in research
on autism is the underlying latent structure of autistic
symptomatology and the extent to which autistic
behavioural markers are interrelated. Recently it has
been suggested that autistic conditions are dimensional
with upper quantitative extremes of some of the traits,
and it has further been implied that these traits are
distributed continuously in the population [1-3]. Of
interest for both researchers and practitioners is the
psychometric structure of tools used for diagnosing and
screening for autism, and the extent to which they
reveal any dimensionality.

The Childhood Autism Spectrum Test (CAST) was
originally developed as a tool designed to screen for
high-functioning autism conditions in children [4]. It is a
parental questionnaire comprising 37 items, with 31

*Address correspondence to this author at the Language Acquisition and
Language Processing Lab, Norwegian University of Science & Technology,
Trondheim, Norway; Tel: +4773596791; E-mail: mila.vulchanova@ntnu.no

key items targeting autism symptoms according to ICD-
10 (World Health Organization, 1993) and the DSM-IV
(American Psychiatric Association, 1994). Its original
English version was originally designed for identifying
milder manifestations of autism (i. e. Asperger
syndrome), but was subsequently found to also identify
more severe autism i. e. childhood autism and has
proven a reliable screening tool [5, 6]. A moderate to
good test-retest reliability has also been demonstrated
in a sample enriched by high scorers on the CAST [6].
The CAST has been translated and adapted into over
sixteen languages and cultures, which include German,
Greek, Mandarin Chinese, Norwegian, Spanish, and
Russian. Currently only one study reports its reliability
in an adapted version. The study by Sun et al. [7] is
based on a sample of 150 children aged 4-11 and
compares the validity of the CAST to the Clancy Autism
Behaviour Scale (CABS), a popular tool previously
used in China. This study documents better validity for
the CAST compared to the CABS, specifically in terms
of sensitivity in distinguishing children with autism from
children without autism.

The underlying structure of the symptoms that
characterize autism is of interest both for cognitive
accounts of what systems are compromised in autism,
as well as for clinical purposes and achieving better
diagnostic tools, and potentially, also in the search for
genetic models of the etiology of the condition. A
number of possibilities have been suggested, ranging
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from 4- and 5-dimensional models (based on ADI-R
and ADOS, respectively [8, 9]) to 1-dimensional
models, where degree of severity is crucial as
measured on scores for the Social Responsiveness
Scale (SRS) [10].

Of special interest for the current study are 3-
dimensional models in line with the original 3
categories included in DSM-IV: (1) Social interaction,
(2) Communication and (3) Repetitive and stereotyped
behaviours compared to a 2-dimensional model, where
Social interaction and Communication are merged into
a single factor, and are distinct from Repetitive and
restricted behaviours and activities, reflecting the
current diagnostic system, as prescribed in the DSM-5.
The diagnostic criteria are divided into two large
categories in this new version of the APA manual: (1)
Deficits in social communication and social interaction
across multiple contexts and (2) Restricted, repetitive
patterns of behaviour, including verbal behaviour.

The development of models for the diagnosis of
autistic spectrum disorders aims to meet expectations
of a more detailed description of this heterogeneous
group with the inclusion of categories that are less valid
for other disorders. Besides the change from a multi-
categorial system to a single diagnostic category, an
important characteristic of DSM-5, compared to the
DSM-1V, is the presentation of the symptoms of ASD in
a two-domain model, where the Communication deficits
are combined with Social impairments in the group of
social-communication deficits, while the Restricted and
repetitive interests and behaviors differentiate the
second group of symptoms [11, 12].

Two recent studies have addressed the factor
structure of autistic symptoms in highly homogenous
samples in early infancy. Beuker et al. [13] analyzed
data from a sample of 11332 18-month-old infants from
the Norwegian Mother and child cohort study (MoBA).
A Confirmatory factor analysis (CFA) based on 44
items compiled from a number of sources (Early
Screening of Autistic Traits (ESAT), the Modified
Checklist for Autism in Toddlers (M-CHAT), Ages and
Stages Questionnaire (ASQ)) revealed a 3-factor
model, which displayed a significantly better fit than a
2-factor model of the symptoms. Still, both the 2-factor
and the 3-factor models have similar characteristics.
Moreover, in the 3-factor model, there is a much higher
correlation between the Social Interaction and
Communication factors than the correlation between
these two factors and the Repetitive behaviours factor.
Importantly, the authors point out that symptoms that

belong in the Social Interaction and Communication
domains may have a different developmental pathway
and manifestation in early development from symptoms
that belong in the Stereotyped and rigid patterns of
behaviour domain. The study by Guthrie et al., [14]
explicity compared the DSM-IV three criteria model
and the DSM-5 two criteria model and their factor
structure in a homogenous sample of 237 toddlers
between 12 and 30 months of age. Their analysis
demonstrates best fit for the 2-factor model, thus
providing support for the DSM-5 model.

CHILDHOOD AUTISM SPECTRUM TEST (CAST)

The items included in the CAST do not presuppose
an inherent structure. Neither are responses scored in
terms of one, with cut-off points determined by an
overall score which is the sum of points collected from
ASD relevant responses. As such, the tool displays a
one-dimensional structure. Still, it should be borne in
mind that all included items target classical symptoms
characterizing autism conditions (e. g., according to
ICD-10 and DSM-1V), and, as such, the content of the
scale adequately reflects all possible dimensions of the
spectrum. The study by Sun et al. [1] is the first to
address the latent structure and psychometric
properties of CAST, albeit it's Mandarin translation.
Based on a sample of 737 children from mainstream
schools and 50 autistic cases, a categorical data factor
analysis and Item Response Theory, this study found a
two-factor best fit model for 28 out of the 31 keyed
items included in CAST. The two factors were,
respectively, Social and communication behavior, and
Stereotyped and repetitive language and behaviour.
The study found a moderate correlation between the
two factors. The current study is the second study
explicitly addressing the possible underlying structure
of CAST. Our approach is mainly exploratory and
attempts to reveal a possible dimensionality by
assessing the adequacy of a range of factor models.

The above studies and the current one contribute to
the discussion, and raised concerns of the
appropriateness of the recently released DSM-5
diagnostic criteria for autism spectrum disorders (ASD)
[15].

Revealing the latent structure of a test, considered
as a set of items, is a key stage in its construction,
especially in the estimation of its reliability and
construct validity, and its standardization. This is a
"critical issue" in the modeling of the raw test data,
whether or not we assume a one-dimensional or a
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multidimensional model [16, 17]. Unfortunately, the
authors involved in the development of CAST, do not
report data on the factor structure of the original
version [4-6, 18-20]. The test appears to be, implicitly,
considered as one-dimensional, which means that all
test items refer to the same latent variable.

The current paper reports the first results of the
study of the psychometric properties of the Bulgarian
adaptation of the CAST [21]. Our main aim was to
explore the extent to which the CAST can be used for
screening for autism spectrum conditions (ASC) in
children in Bulgaria. A specific objective of the first part
of the study was to explore the underlying structure of
autistic traits as measured by the CAST. This goal is
especially relevant, with the recent publication of DSM-
5, which, in contrast to DSM-IV, deconstructs autism
symptoms into two distinct categories. Thus, the
question arises whether collapsing Social interaction
and Communication into a single criterion, in
comparison to DSM-IV, reflects the dimensionality of
autistic traits more accurately or not.

METHODOLOGY

Participants

The participants included 612 children (age range:
3-18 years), including children diagnosed with autistic
spectrum disorder (ASD, n = 61), and 551 children
without any disorder (316 boys, and 296 girls). The
participants were randomly selected in different age
groups from six schools and three kindergartens in
Sofia. The age groups are distributed as follows: The
group of norms: Age 3-5 years (n = 56), 6-8 years (n =
167), 9-11 years (n = 151), 12-14 years (n = 101), and
15-18 years (n = 76). The children with autism were
diagnosed according to the criteria of ICD-10 by a
certified clinician, and were sampled randomly from
different age groups in the Program for children with
autistic spectrum disorders in a day care center. The
ASD group comprised: Age 3-5 years (n = 9), 6-8 years
(n =23), 9-11 years (n = 17), 12-14 years (n = 10) and
15-18 years (n = 2). The original UK version of the
CAST was only validated up to age 11 years. Our aim
by including adolescent participants was to check the
validity of the questionnaire for older participants in the
absence of any screening tools in the Bulgarian
context. The parents of all children received and filled
out the Bulgarian adaptation of the CAST
questionnaire. The Bulgarian CAST was developed in
2012 in a study which tested the adequacy of the

translated CAST items in a group of native speaker
parents and care-givers in Bulgaria [21]. The
equivalence of the translation to the UK original was
checked by back-translation by a professional. Written
informed consent was obtained from the parents of all
participants prior to the study.

Factor Analysis of the Latent Structure of the Test

In exploring the dimensionality of the latent structure
of a measurement instrument, one can use a variety of
approaches, methods and related indicators. Most of
them are based on the idea of seeking some pattern of
correlation between the manifested variables to be
explained by the influence of one or more latent
variables.

Factor analysis is an appropriate statistical
technique for detecting latent structures and has been
used for this purpose in different ASD diagnosing and
screening tools, The Autism Diagnostic Interview-
Revised (ADI-R), the Social Responsiveness Scale
(SRS), CAST [1, 3, 13, 22].

Exploratory Factor analysis (EFA) is regarded
primarily as a procedure for generating theoretical
models and also as a method suitable for the
development of psychological scales [23]. EFA is
particularly suitable for exploring the latent structure of
CAST, since its application aims to set up a factor
model to explain the relationship among the observed
variables. Confirmatory factor analysis (CFA) is treated
as an extension of the “standard” exploratory factor
analysis, and is therefore carried out under clear
theoretical or empirical foundations, and its aim is the
verification of a specific factor model. Specific
hypotheses about the dimensionality of the factor
space, the structure of the factor loadings of the
variables and the correlations between them can be
tested in this way [24, 25].

A main study in two phases was planned and
completed to explore the factor structure of the
Bulgarian adaptation of CAST. During the first phase
we carried out an exploratory factor analysis (EFA) to
generate a possible data model, and during the second
— a confirmatory factor analysis (CFA) to verify this
model. In order to avoid the effect of artificially
increasing the extent of correspondence between the
confirmatory model and the data, the full sample was
divided randomly into two sub-samples with an equal
size (ny=306 and n,=306). The two types of factor
analyses were carried out successively on these data
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sets - each type of analysis on one of the two data
sets. Two tests - KMO and Bartlett's test of sphericity,
were conducted as a preliminary step to check if the
data from the first set could be efficiently factor-
analyzed.

Principal axis factoring was applied during the first
stage of the study as a method of building the model of
the latent structure. In PFA, (unlike Principal
Components Analysis (PCA), only a common, shared
component of the variance of the manifested variables
is used, which is due to common factors. Therefore, the
extracted factors can be identified and conceptualized
as psychological dimensions. A matrix of tetrachoric
correlations of 31 scored items was used as the basis
of the factor analysis. Tetrachoric correlations are
suitable for the analysis of dichotomous variables, such
as the items on the CAST, rather than Pearson r (which
are applicable for interval scales) or ¢ (for discrete
binary scale). This approach to factorization of binary
variables has been recommended in many studies [26-
30].

Two methods corresponding to the specificity of the
PFA were applied to solve the problem of determining
the optimal number of factors to be retained for rotation
and included in the model - the popular graphical
scree-test of Cattell [27, 31, 32] and a less popular, but
more accurate parallel analysis (PA), developed by
Horn [32-34].

According to Cattell’s method, in order to determine
the optimum number of factors to retain, one should
find the point where the smooth decrease of
eigenvalues appears to level off to the right of the plot.
In this analysis we took a slightly different approach —
finding the point to the left of the break point, while not
including that break point in the factor model [35].

The latent models developed at the exploratory
stage of the study, were subjected to verification at the
confirmatory stage by three groups of statistics: basic
statistics (in particular, discrepancy function and RMS
standardized residual); single sample fit indices
(Joreskog GFI and AGFI, Bentler-Bonett normed fit
index), and a group of indices based on the population
non-centrality parameter (Steiger-Lind RMSEA index,
McDonald non-centrality index, Population gamma
index, etc.) The critical values of the indices showing
high degree of model-data fit are according to Steiger
[36].

RESULTS

The Building of the Factor Model by Exploratory
Factor Analysis (EFA)

The Kaiser-Meyer-Olkin test of sampling adequacy
was 0.861, and the results of Bartlett's test of sphericity
were %°(465) = 3287.25; p = 0.00. The observed values
of the two statistics are clear evidence that there are
correlations between the test items that can be
explained by the factor models.

The number of initially extracted factors in the
unrotated factor solution was 26. The eigenvalue of the
first factor was 13.67, explaining 44.10% of the total
variance. The subsequent five factors had eigenvalues
above 1.00, respectively, 2.87 (9.27%) 1.66 (5.34%)
141 (4.55%) 1.15 (3.71%) and 1.03 (3.32%). The
cumulative proportion of the total variance, which can
be explained by this group of 6 factors, was 70.29%.
The remaining factors had eigenvalues below 1.00 and
explain smaller and smaller proportions of the total
variance. A graph of the eigenvalues is represented in
Figure 1.

Examining the unrotated factor solution, a strong,
dominant first factor that accounted for nearly half of
the total variance was observed. The ratio between its
eigenvalue and that of the second factor is Agq: App =
4.76, and between the second and the third factor
Ae2iAps = 1.73. This result is sufficient to suggest the
existence of a one-dimensional latent space with a
major (first) factor [17, 28, 37-39].

As shown in Figure 1, Cattell’'s graphical scree-test
suggests a 2-factor solution. The application of the 2-
factor model with orthogonal varimax normalized
rotation of factors leads to the separation of two
relatively equal factors with explained variance of 8.24
and 7.42, respectively. The Varimax normalized
method was performed not only because it is most
commonly used, but also because it yielded a better
pattern of loadings. Distributed between the factors
according to their factor loadings, 15 items can be
assigned to the first factor, and 16, to the second. The
value of 0.40 was considered as the lower borderline of
acceptability, in order for an item to be used in the
interpretation of the respective factor [40].

Among the items, which correlate highly with the
first factor, are those with numbers 27. Does s/he make
normal eye-contact? (factor loading 0.78); 10. Does
s/he find it easy to interact with other children? (0.76);
13. Does s/he mostly have the same interests as
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Figure 1: Real and simulated eigenvalues.

his/her peers? (0.76); and others. These items reflect
aspects of communication and the relationship of the
child with other children/individuals. Among the items
that correlate highly with the second factor are 28.
Does s/he have any unusual and repetitive
movements? (factor loading 0.71); 37. Does s/he have
odd or unusual phrases? (0.71); 9. Does s/he like to do
things over and over again, in the same way all the
time? (0.70); and others. The items from this group
reflect individual characteristic features, such as
attention to detail, repetition of actions, concentration
and unilateralism in the child's behaviour.

The factor loadings of most of the items on the two
factors are characterized by predominantly positive,
moreover, very high values. Only 3 items have slightly
negative values on the first (numbers 6, 7 and 19) and
respectively on the second factor (8, 16 and 31), and
thus cannot be considered as cross-loading items. Out
of 15 items in the first factor, 13 items have loadings
greater than 0.40. Regarding the second factor, factor
loadings >0.40 were observed for all 16 items.

The items of factor 1 from the two-factor model,
reflecting aspects of communication and the
relationship of the child with other children, were
divided, albeit unevenly, in the “new” factors 1 and 3.
Almost all the items from the “former” factor 1, with

numbers 10. (factor loading 0.84), 27. (0.82), 13.
(0.79), 17. (0.78), 1 (0.77), 11 (0.71) and others can be
assigned to factor 1 in the 4-factor model. But its
interpretation is hampered by the presence of three
items from the “former” factor 2 that have sufficiently
large factor loadings, namely item 18. Does s/he have
difficulty understanding the rules for polite behavior?
(factor loading 0.60), 28. Does s/he have any unusual
and repetitive movements? (0.72) and 29. Is his/her
social behaviour very one-sided and always on his/her
own terms? (0.42). Items 18. and 29. reflect some
problems in the child’s behavior in general, especially
observable in the younger age group, and are not
particularly problems of social communication. Item 28.
refers to repetitive behaviours. Factor 3 in the 4-factor
model contains only two items, both of which were
highly specific. These are item 8. When s/he was 3
years old, did s/he spend a lot of time pretending (e.g.,

play-acting being a superhero, or holding teddy's tea
parties? (factor loading 0.89) and 31. Does s/he prefer
imaginative activities such as play-acting or story-
telling, rather than numbers or lists of facts? (0.53).

Both items reflect the tendency of the child to use

imagination and role-play. Alternatively, this result may

be simply due to the similar wording of the questions.
The removal of items measuring imaginative play
substantially improved the 2-factor model in a recent
study by Mandy et al. [41].
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Verification of the Two Models by Confirmatory
Factor Analysis

The two factor models identified in the previous
stage of the analysis were subjected to a sequential
confirmatory factor analysis under the assumption that
the factors in the respective model are uncorrelated
(orthogonal). The method of estimation used is
Generalized Least Squares followed by Maximum
Likelihood (GLS — ML). The results of these analyzes
are presented in columns 3 and 5 in Table 1. The two
sets of statistical indicators suggest consistently, that
the hypotheses of adequacy of the two- or four-factor
orthogonal models of the underlying structure of CAST
should be rejected.

A disturbing fact are the large factor loadings of
some items on the unique factors, which even exceed
those for the common factors. This means that a larger
part of the total variance in these items is due to the
influence of the unique, and not the common factors.
This, in turn, can be considered as a signal that the
tested models are not adequate to the actual data.

Furthermore, the observed values of discrepancy
functions, which are a family of functions used to check
the extent to which the tested model is consistent with
the empirical data, are 13.82 for the 2-factor, and 13.75
for the 4-factor model. This is evidence that none of
them represents a good description of the latent
structure of CAST. The observed values of the Root

Table 1: Test Statistics of the Confirmatory Factor Analysis with Orthogonal and Oblique Factors
Critical/ 2-factor model 4-factor model
Statistics/ test acceptable value
P uncorrelated factors correlated factors | uncorrelated factors | correlated factors
1 2 3 4 5 6
Discrepancy Function 13.824 12.564 13.750 12.105
ICSF Criterion 0.000 0.000 0.000 0.000
ICS Criterion 0.000 0.000 0.000 0.000
ML 2 8446.621 7676.849 8401.423 7395.892
Df - 434 433 435 428
ed 0.05 0.000 0.000 0.000 0.000
RMS Standardized Residual 0.283 0.100 0.288 0.097
Single sample fit indices
Joreskog GFI >0.95 0.549 0.545 0.561 0.573
Joreskog AGFI >0.95 0.485 0.479 0.499 0.505
Bentler-Bonett Normed Fit =1.00 0.556 0.596 0.558 0.611
Index
Population noncentrality parameter
Population Noncentrality lower 90% 11.561 11.762 10.968 10.408
Parameter point 12.023 12.228 11.419 10.847
upper 90% 12.498 12.706 11.881 11.299
Steiger-Lind RMSEA Index | <0.05 lower 90% 0.163 0.165 0.159 0.156
point 0.166 0.168 0.162 0.159
upper 90% 0.170 0.171 0.165 0.162
McDonald Noncentrality >0.95 lower 90% 0.002 0.002 0.003 0.004
Index point 0.002 0.002 0.003 0.004
upper 90% 0.003 0.003 0.004 0.005
Population Gamma Index | >0.95 lower 90% 0.554 0.550 0.566 0.578
point 0.563 0.559 0.576 0.588
upper 90% 0.573 0.569 0.586 0.598
Adjusted Population >0.95 lower 90% 0.490 0.484 0.505 0.511
Gamma Index point 0.501 0.495 0.516 0.523
upper 90% 0.512 0.506 0.528 0.534
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mean square (RMS) criterion (0.283 and 0.288) are
above the critical value of 0.05 and unacceptable from
the point of view of the goodness-of-fit of the models.
The test for general adequacy X2 of the inspected
model (Table 1) shows extremely high values in both
models (x° = 8446.62, df = 434 for the 2-factor and x° =
8401.42, df = 435 for the 4r-factor model), and low
level of associated probabilities (p = 0.00). Based on
the results of these tests, the hypotheses of a 2-factor,
and, respectively a 4-factor latent structure that
generates shared variance of responses of the
subjects, may be rejected at a significance level of a =
0.05.

The observed values of other statistics, such as
single sample fit indices (Goodness-of-fit index (GFl)),
Adjusted goodness-of-fit index (AGFI), and Bentler-
Bonett normed fit index were used to evaluate the
adequacy of the tested models and lead to the same
conclusion (Table 1).

A radical change in approach for evaluation of the
adequacy of the model tested on this data set is based
on the estimation of the population non-centrality
parameter. Instead of testing the null hypothesis, the
opposite approach is proposed - to establish to what
extent it is inadequate, how far is the model from the
population and how precisely can this inadequacy be
determined based on the sample data. This leads to a
similar result. Neither the point estimates of the indices,
nor the values within the confidence intervals (90%),
give reason to assume that the two tested models are
adequate to the data.

The comparison of the two series of statistics
describing the adequacy of the two tested models with
orthogonal factors, shows an expected trend - they are
more favorable to the 4-factor than the 2-factor model,
due to the complexity of the former and the simplicity of
the latter model.

Towards a Simple Factor Structure

The conducted analyses and their results contain a
number of indications that the inadequacy of the tested
models could be due to the chosen strategy of
orthogonal rotation of the factors. In a series of
publications Thurstone [42-45] developed the concept
of achieving a simple factor structure as the goal of
factor analysis. Thurstone’s conception regards the
third and final phase of the factor analysis, at which the
rotation of the factors of the chosen model is performed
in order to reach the most simple, but theoretically
meaningful model of relations between the manifested

and latent variables. Thorndike further suggests that
the maximum simplicity of the structure is achieved
when a given variable has a definite (high) loading on
only one of the factors, and zero loadings on all other
factors [46]. On a less restrictive interpretation, this rule
implies that a simple factor structure is obtained when
a given manifested variable has large loading on one
factor, and low loadings on the others.

In both models, many of the items that load on a
given factor, display large loadings on that factor
(above 0.40). Furthermore, we observe that in the 2-
factor model, over 60% of all items have such high
factor loadings on each factor. Many of them correlate,
to an approximately equal extent, with both factors, and
serve as "bridges" between them. Some examples of
such item cross-loadings are item 18. (with factor
loadings on the first and the second factor, respectively
0.55 and 0.57), item 10. (0.76 and 0.54) item 28 (0.64
and 0.71), and others. The existence of such “bridges”
makes the interpretation of the factors difficult.
Moreover, this is also evidence of the existence of
correlations between them.

The factor matrix of the 4—factor model contains
more contrasting factor loadings of the individual items
and provides more opportunities of a clear definition of
their factor identity. Nevertheless, there are many items
with comparable factor loadings on at least two factors.
Such cross-loading items are 9. (factor loading of 0.46
on factor 1, 0.54 on factor 2, -0.24 on factor 3 and 0.33
on factor 4), item 15. (0.57 on factor 1 and 0.46 on
factor 4), item 28. (0.72 on factor 1 and 0.56 on factor
4) and others. The results of the analyses so far lead to
the conclusion that the orthogonal rotation of the
factors does not ensure a simple factor structure. It
seems that the latent structure is composed of
correlated, non-orthogonal (oblique) factors.

As a result, we conducted a second iteration of the
confirmatory factor analysis to verify the hypotheses of
a two- and a four-factor model of the data with
correlated factors. The results are presented in Table
1, columns 4 and 6. The statistics of the models with
non-orthogonal factors, however, are comparable to
those of the models with orthogonal factors. Thus,
these two latter models with correlated factors also fail
in uncovering the latent structure of the data.

Hierarchical Factor Model

Hierarchical factor analysis is based on a type of
rotation of the factor space, which “allows” the factors
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to correlate. The concept of non-orthogonal (oblique)
factors is often exploited in research in the social
sciences and humanities, based on the expectation
that the latent dimensions are not isolated from each
other. In such cases, the non-orthogonal rotation could
result in a more accurate, and a more reproducible
factor structure [35, 47].

We applied a hierarchical factor analysis at this third
step of analysis as a development of the “conventional”
methodology of rotation of the oblique factors. The
factors are rotated, in order to present the clusters of
variables in the best way, without constraints on
orthogonality. The correlation matrix of the oblique
factors is then submitted to secondary factorization to
extract the final structure of the orthogonal factors. It
divides the variability of the observed variables into two
parts: a variance which is due to the common
(secondary) factors, and a unique variance which is
attributable to the clusters of variables (primary
factors).

The hierarchical factor analysis was conducted with
the restrictive condition that the minimum eigenvalue of
the extracted factors should be 1.33. The rationale was
that this was the lower threshold level, corresponding
to the 95th percentile of the distribution of the
eigenvalues of the fourth random factor, extracted by
the method of Parallel analysis. As a result of this
procedure, two primary factors, and one secondary
factor were extracted.

We found high correlations between the two
variable clusters (oblique factors) and the secondary
factor (for each cluster r = 0.84). The correlations of the
first cluster with primary 1 and primary 2 are,
respectively 0.55, and 0.00, while these of the second
cluster with primary 1 and primary 2 are respectively,
0.00 and 0.55. The correlation between the two oblique
factors was also high (r = 0.70), which suggests that
the applied method of rotation is adequate.

The two clusters of items have approximately the
same size. The first cluster, which determines primary
1, includes 15 items from the test. After orthogonal
varimax normalized rotation (see Table 2), the factor
loadings of 13 of these items were higher than 0.40,
and 7 of them have factor loadings that exceed 0.70.
The items with factor loadings less than 0.40 are
number 8. (factor loading 0.32) and 31. (0.29). All the
items in this cluster relate to one particular area -
deficits in social communication and social interaction.
The second cluster that determines primary 2, is
formed of 14 items, each of which has a factor loading

higher than 0.40, and also there are three items with
factor loading greater than 0.70. Most of the items in
this cluster are associated with another specific area -
restricted, repetitive patterns of behaviour.

In this model, there were only two items with large,
almost identical cross-loadings on the two primary
factors. They were item 18. Does s/he have difficulty
understanding the rules for polite behaviour? (0.55 and
0.57) and 34. Does s/he try to impose routines on
him/herself, or on others, in such a way that it causes
problems?, (0.45 and 0.46). Therefore, formally these
items cannot be assigned to either of the two primary

Table 2: Factor Loadings on Secondary and Primary
Factors in the Hierarchical Model

tem No. Factors
Secondary Primary 1 Primary 2
1 0.74 *0.71 0.44
2 0.46 *0.65 0.07
5 0.60 *0.64 0.29
6 0.21 -0.16 *0.49
7 0.35 -0.00 *0.54
8 0.08 *0.32 -0.18
9 0.61 0.25 *0.70
10 0.84 *0.76 0.55
11 0.74 *0.72 0.43
13 0.78 *0.76 0.45
14 0.48 0.20 *0.55
15 0.68 *0.57 0.49
16 0.31 *0.70 -0.21
17 0.69 *0.73 0.35
18 0.72 0.55 0.57
19 0.20 -0.14 *0.46
20 0.73 0.46 *0.69
21 0.51 *0.53 0.26
23 0.59 0.35 *0.57
24 0.57 *0.61 0.28
25 0.59 0.26 *0.67
27 0.73 *0.78 0.36
28 0.87 0.64 *0.72
29 0.52 0.32 *0.49
30 0.68 0.44 *0.63
31 0.15 *0.29 -0.06
32 0.56 0.30 *0.57
34 0.59 0.45 0.46
35 0.61 *0.66 0.30
36 0.47 0.14 *0.59
37 0.68 0.36 *0.71

*Clusters of loadings are marked with asterisks. The clusters determine the two
oblique factors.
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factors. The decision for their factor assignment has
been taken on conceptual grounds, based on their
semantic similarity with the items in the respective
cluster of descriptors of autism spectrum disorder.

Thus, primary 1 is formed by the following 16 items
with numbers 1, 2, 5, 8, 10, 11, 13, 15, 16, 17, 18, 21,
24, 27, 31 and 35. The first factor is marked by large
factor loadings of items 27. Does s/he make normal
eye-contact? (factor loading 0.78), 10. Does s/he find it
easy to interact with other children? (0.76), 13. Does
s/he mostly have the same interests as his/her peers?
(0.76), 11. Can s/he keep a two-way conversation
going? (0.72) and others. The assignment of item 13 to
primary 1 can be questioned against the other items in
that cluster, since responses to this item can be driven
by ambivalent considerations. On the one hand, the
interpretation may be that the interests of the child in
relation to those of his/her peers are being evaluated
by the parents as causing problems in social
interaction. Alternatively, an interpretation can be as
indication of stereotyped behaviors and repetitive
movements, if the activities of the child are evaluated
from the point of view of his/her rituals and desire to
preserve sameness and own routines.

Primary 2 includes the following 15 items with
numbers 6, 7, 9, 14, 19, 20, 23, 25, 28, 29, 30, 32, 34,
36 and 37. The highest loadings are for item 28. Does
s/he have any unusual and repetitive movements?
(factor loading 0.72), 37. Does s/he have odd or
unusual phrases? (0.71), 9. Does s/he like to do things
over and over again, in the same way all the time?
(0.70), 20. Is his/her voice unusual (e.g., overly adult,
flat, or very monotonous)? (0.69) Two items could be
considered ambivalent, 29. Is his/her social behaviour
very one-sided and always on his/her own terms? and
36. Does s/he often turn conversations to his/her
favorite subject rather than following what the other
person wants to talk about? A possible interpretation
here can be that responses to these items reflect the
parents’ view of the behaviour leading to two
perspectives - from the point of view of social rules or
with a focus on permanence and lack of flexibility.

On the basis of these results, it is not difficult to
identify primary 1 as “Deficits in social communication
and social interaction”, a primary 2 - as “Restricted,
repetitive patterns of behavior”.

A look at the items in the common second-order
factor reveals that the two clusters of items are
presented in it in a balanced way. 25 of the 31 items
have factor loadings higher than 0.40, and 8 out of

those have factor loadings higher than 0.70. Among the
items that are representative of the common factor (i.
e., the items with the highest factor loadings), we find
representatives of the group reflecting deficits in social
communication and social interaction (primary 1) and
the group representing restricted, repetitive patterns of
behaviour (primary 2). Among them are item 28. Does
s/he have any unusual and repetitive movements?
(factor loading 0.87), 10. Does s/he find it easy to
interact with other children? (0.84), 13. Does s/he
mostly have the same interests as his/her peers?
(0.78), and others.

It is interesting that the items with the lowest factor
loadings on the common factor are those which refer to
difficulties in imaginative play. These are two items with
numbers 8. When s/he was 3 years old, did s/he spend
a lot of time pretending (e.g., play-acting being a
superhero, or holding teddy's tea parties)? (0.08), and
31. Does s/he prefer imaginative activities such as
play-acting or story-telling, rather than numbers or lists
of facts? (0.15). These items load on the factor “Deficits
in social communication and social interaction”, and are
characterized by relatively low loadings on that factor
(respectively, 0.32 and 0.29). We could recall also that
in the 4-factor model with orthogonal factors, exactly
(and only) these two items formed one of the separate
factors.

DISCUSSION

The present study sought to achieve one main goal
- revealing the factor (scale) structure of the Bulgarian
adaptation of CAST. The psychometric properties of
screening tools of this type are of interest for both
practitioners and researchers from the point of view of
how well they reflect clusters of symptoms included in
the diagnosis and the autism phenotype. This infor-
mation is also a prerequisite for further developments
in the direction of adapting and, ultimately, stand-
ardizing the test in the Bulgarian cultural context.

A two-step procedure for generating a factor model
through exploratory factor analysis, and its verification
by confirmatory factor analysis was undertaken for the
detection of features in the Bulgarian adaptation of
CAST. These methods led to the constitution of two,
seemingly mutually exclusive, factor models — one with
2, and one with 4 orthogonal factors.

Scott et al. [4] note that the items in CAST
(originally Childhood Asperger Syndrome Test) as
manifested variables include different descriptions of
behaviors according to ICD-10 and DSM-IV, which
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reflect the main characteristics of the autism spectrum
disorder. In particular, these characteristics in the
DSM-IV are divided into three categories: (1)
Impairment in social interaction, (2) Impairments in
communication and (3) Restricted, repetitive, or
stereotyped patterns of behaviour, interests, or
activities. Some of the items in CAST are based on the
items from two other screening tests - the Pervasive
Developmental Disorders Questionnaire (PDD-Q) and
the Asperger Syndrome Screening Questionnaire
(ASSQ) (ibid.) Despite these various sources, the
authors have aimed to cover a wide range of behaviors
in order to make the test sensitive in performing its
screening function (ibid.) Therefore, it would be
plausible to expect that the items in the test will be
organized in a three-factor structure, reflecting the
structure of the descriptions in DSM-IV.

The distribution of the items in the 2-factor model
generally follows this structure. Almost all the items that
refer to the characteristics of the first category
(Impairment in social interaction), load on the first
factor (except item 18.), and all the items from the third
category (Restricted, repetitive, or stereotyped patterns
of behaviour), with no exception - on the second.
Particularly interesting is the distribution of the items
which relate to the second category of characteristics in
DSM-IV (Impairments in communication) - they are
fairly evenly divided between the two factors. The items
describing (impairment in) communication activities in
social context, such as make-believe or social imitative
play (items 8, 24 and 31) or the ability to initiate or
sustain a conversation (11), are assigned to the first
factor. The items that reflect restricted or repetitive
patterns in language and behavior, as idiosyncratic
language (item 37), stereotyped use of language (item
36) and others, load on factor 2.

In the 4-factor model each of the above two factors
split into two other factors. Factor 1 from the previous
model is generally preserved, but a small group of
items from the second category in DSM-IV
(impairments in communication), expressing the (lack
of) make-believe and social-imitative play (items 8 and
31), now form an independent factor. Interestingly, item
24 is not part of this new factor, despite its belonging to
the same sub-category. The second factor also splits
into two other factors, and each of them contains a
mixture of items belonging to the second (impairments
in communication) and the third (restricted, repetitive,
or stereotyped patterns of behaviour) categories in
DSM-IV. In one of them, there is a prevalence of items
from the category “Restricted, repetitive, or stereotyped

patterns of nonverbal behavior”, and in the other —
items reflecting the same features in verbal behaviour
and in social context.

The adequacy of these two factor models was not
verified, also under the assumption of non-
orthogonality of the dimensions. Despite the negative
outcome, these preliminary analyses, however, led to
an important conclusion. Firstly, they point to the
apparent lack of coherence between the items referred
to in the second category of behaviors described in
DSM-IV. These items refer to two distinct groups of
behaviours (e. g. communicative aspects of language
and imaginative play) and, thus gravitate to different
dimensions. Another finding is that some of the items in
both models are influenced equally by different factors,
making it difficult to differentiate them, even under the
assumption that the factors are oblique. This highlights
the necessity of another kind of rotational strategy, and
searching for a hierarchical, instead of a ‘flat’ structure
with primary factors. An evaluation of the lower
threshold eigenvalue of simulated factors was carried
out by Parallel analysis, where the extracted factors
make both statistical and psychological “sense”.

The structure, which was revealed by the analyses
as adequate to the data, consists of two primary and
one secondary (common) factor. These two primary
dimensions, which are also orthogonal, basically
reproduce the two-factor model described above and
are consistent with the psychometric structure of the
Mandarin Chinese CAST reported in Sun et al. [1].
From these results it becomes evident that the features
of the autism spectrum, covered by the second
category in DSM-1V, do not form a single coherent unit,
as is the case with the characteristics of the other two
categories. Indeed, part of the features in the category
of “language and communication” are linked to the use
of language as a means of (social) communication and
interaction, rather than features of language
competence per se, and can be considered as part of
the first category (Impairment in social interaction).
Another aspect of these features is linked to
characteristics of speech at the individual level, such as
stereotyped or repetitive and idiosyncratic speech,
again not reflecting language competence as such, and
can be assigned to the third category (Restricted,
repetitive, or stereotyped patterns of behaviour). From
this perspective, the factor structure at the primary level
in the hierarchical analysis reproduces more accurately
the structure of the diagnostic criteria, represented in
the new DSM-5. The diagnostic criteria are divided into
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two categories in this new version of the APA manual:
(1) Deficits in social communication and social
interaction across multiple contexts and (2) Restricted,
repetitive patterns of behaviour, including verbal
behaviour. All the items in primary 1 can be attributed
unambiguously to the first category, and in primary 2 -
to the second DSM-5 category. These two categories
are presented in a balanced way in the common
second-order factor.

This structure is consistent with the two main
categories adopted in the DSM-V and current accounts
of the range of conditions broadly falling into two main
clusters of symptoms [48]. Our findings are also
consistent with the results of the only other study so
far, which has addressed the psychometric properties
of the Mandarin Chinese CAST [1]. Unlike the latter
study, however, we applied an “agnostic’ approach
subjecting the data to exploratory and confirmatory
factor analyses, first assuming a flat, non-dimensional
structure. Even though the questions in the CAST
include the most common symptoms from the DSM-IV
and ICD-10 criteria, the cut-off points are based on the
sum of scores on ASD target responses, which does
not presuppose any inherent underlying structure.
Thus, our aim was to check whether any latent
structure emerged from responses in our sample. We
further demonstrate that the CAST can be used
successfully in other languages and cultures for
screening for autism. Unlike the original UK CAST, our
study included a sample with an extended upper limit
(up to 18 years). The results of the analyses indicate
that the Bulgarian CAST can be used also for age
groups not envisaged in the original UK version. This is
especially relevant in the Bulgarian context where the
number of the screening tools for autism is limited.
Further cross-linguistic and cross-cultural studies may
reveal the extent to which this is tenable in other
contexts.
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