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Abstract Limited studies have investigated the latent

autistic traits in the mainland Chinese population for autism

spectrum conditions (ASC). This study explored the psy-

chometric properties of a Mandarin Chinese version of the

CAST in a sample consisting of 737 children in mainstream

schools and 50 autistic cases. A combination of categorical

data factor analysis and item response theory suggested a

good-fit model of a two-factor solution for 28 items on the

Mandarin CAST including social and communication, and

inflexible/stereotyped language and behaviours (Goodness-

of-fit indices: RMSEA = 0.029, CFI = 0.957, TLI = 0.950,

SRMR = 0.064). The correlation between the two factors

was moderate (GFC = 0.425). This study provided evi-

dence for the CAST as a multidimensional measure for ASC

screening in a Chinese population and also showed that the

symptom manifestation of ASC in Chinese children shares

similarity with western populations.

Keywords Autism spectrum conditions � Categorical

data factor analysis � Item response theory � CAST � China

Introduction

Autism spectrum conditions (ASC) are characterised by

impairments in social interaction and communication,

alongside repetitive/restricted interests, behaviour and

activity (American Psychiatric Association 2000). Defined

by The International Classification of Disease, 10th revi-

sion (ICD-10) (World Health Organisation 1993), ASC

include four subgroups: childhood autism, atypical autism,

Asperger’s syndrome and pervasive developmental disor-

der, unspecified. Due to the lack of biomarkers, the diag-

nosis of ASC still depends on behavioural descriptions

(Magyar and Pandolfi 2007). There has been an emerging

consensus that ASC are dimensional disorders representing

the upper extremes of one or more quantitative traits, and

the traits are likely to be continuously distributed in the

population (Constantino and Todd 2003; Mandy and Skuse

2008; Spiker et al. 2002). Early studies for this proposed

dimensional concept investigated the association between

genetic liability for ASC and the milder, non-psychopath-

ological features within the relatives of individuals with

ASC (Bolton et al. 1994). Further studies suggested that

autistic traits are continuously distributed in the general

population (Constantino and Todd 2003; Posserud et al.
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2006). Factor analysis has been used to explore the possible

dimensions of ASC, with data being collected using

screening and diagnostic instruments in different samples

(Bolte et al. 2011; Happe and Ronald 2008).

A single autism dimension was proposed based on

findings from a factor analysis of the psychometric structure

of the autism diagnostic interview-revised (ADI-R) and the

Social Responsiveness Scale (SRS) in both clinical and

population samples (Constantino et al. 2004; Constantino

and Todd 2003). Other factor analysis studies suggested

that the impairments of ASC might be multidimensional

(Lecavalier et al. 2006). Three studies using data from the

ADI-R proposed a three-factor solution for the structure of

ASC. Although the structure of these proposed factors

differed among previous studies, these factors roughly

covered the three core domains of impairments in ASC

including Social Interaction, Communication, Repetitive

and Stereotyped Behaviour and Interests (Georgiades et al.

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

Another two studies based on the ADI-R suggested that a

two-factor solution was sufficient to explain the autism

continuum, including both the social/communication and

restricted/stereotyped behaviours subgroups (Frazier et al.

2008; Snow et al. 2009). A recent study using the SRS

suggested two symptom dimensions including a social

communication/interaction dimension, and a restricted/

repetitive behaviours dimension in a sample of ASC and

non-ASC siblings (Frazier et al. 2012).

The lack of consistency in the number and structure of

factors identified by previous studies could be partly

explained by the heterogeneous research designs (Ku-

enssberg et al. 2011; Mandy and Skuse 2008). A recent

review on factor analysis studies for ASC indicated that the

interpretation of psychometric properties should take the

heterogeneity within these studies into consideration,

including the variety of sample characteristics (individuals

with diagnosis of AD or ASC or typically developed

general population), the nature of the assessment instru-

ments (content of items, rating scale), method of statistical

analysis and by the subjective interpretations used when

naming the identified factors in factor analysis (Kuenssberg

et al. 2011; Mandy and Skuse 2008; Shuster et al. 2013).

Although there has been no agreement on the number or

structure of latent traits for ASC, exploring the factor

structure can help with evaluating screening and diagnostic

instruments for ASC. This process could indicate which

possible dimensions of ASC have been reflected by the

items on the instrument. Such research has been conducted

by using several screening instruments for ASC. A sum-

mary of factor analytic studies of ASC screening instru-

ments is given in Appendix.

Most investigations of the psychometric properties of

screening instruments for ASC have been conducted

among Western populations. Only two studies have

investigated the psychometric properties of screening

instruments for ASC in the Chinese population. Both

studies were based on samples recruited in Taiwan. The

Social Communication Questionnaire (SCQ) has been

translated into Traditional Chinese and applied to the

Chinese population in Taiwan (Gau et al. 2011). This study

applied the Chinese SCQ to 317 parents of participants

recruited from clinical settings. It proposed a three-factor

solution for the Chinese SCQ involving Social Interaction,

Repetitive Behaviours and Communication. The psycho-

metric properties of the Chinese version of the autism

spectrum quotient (AQ) were examined in a sample of

4,192 children. This consisted of both clinic-based children

with ASC and community-based children showing typical

development in Taiwan (Lau et al. 2012). It proposed a

35-item, five-factor solution for the Chinese AQ. These five

factors were social skills, mindreading, patterns, attention

to detail and attention switching. No studies have investi-

gated the psychometric properties of screening instruments

for ASC in the Chinese population in mainland China.

The Childhood Autism Spectrum Test (CAST) is a

screening instrument developed in the UK for use in

detecting potential cases along the whole autism spectrum.

As many children with ASC, especially those children who

have subtle or milder symptoms, are usually not identified

before entering primary school, the CAST is designed to be

applied to primary school-aged children (4–11 years) (Ka-

mio 2007; Williams 2003). This study conducted an explo-

ration of potential factors in a Mandarin version of the CAST

in a sample drawn from the Chinese population in both

clinical settings and mainstream schools. As the CAST

measures autistic traits with binary responses, a combination

approach was adopted. This analytic approach used an

exploratory categorical data factor analysis (CDFA) with

model parameters transformed to item response theory

(Khalid 2011) (IRT) model parameters to assist with inter-

pretation (Sharp et al. 2006).

Method

Participants

The CAST was developed for the general population in the

UK, where children with ASC are integrated into main-

stream schools. However, in mainland China, children with

ASC are turned away from mainstream schools (McCabe

2003). Most children with an existing diagnosis of ASC

cannot enter mainstream schools but must enter various

intervention centres (Sun et al. 2012). The sample in the

present study was drawn from two samples: (1) one based

in mainstream schools in Beijing, involving the parents of
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737 typically developing children in school years 1–4 who

did not have an ASC diagnosis; (2) the other was a clinic-

based sample involving the parents of 50 children with an

existing diagnosis of autism. The latter were recruited from

the Beijing China Disabled Persons’ Federation (BCDPF)

and the Elim autism rehabilitation centre in Qingdao. The

BCDPF, as a local branch of the China Disabled Persons’

Federation (CDPF), takes charge of people with all kinds of

disabilities in Beijing. The Elim autism rehabilitation

centre is a private centre in Qingdao that provides inter-

ventions for children from various regions across mainland

China aged 3–6 years with ASC. All the students in

mainstream schools did not have a diagnosis of ASC before

this study. All the cases recruited from clinical settings had

an existing diagnosis of ASC made by Chinese clinicians

using the DSM-IV or ICD-10.

The Mandarin CAST

The CAST is a 37-item parental completion questionnaire,

of which 31 items can be scored. Each item was measured

using a dichotomized approach (yes/no scores 0/1) with the

total score ranging from 0 to 31. The items were designed to

cover all three domains of the impairments of ASC defined

by DSM-IV-TR (Williams et al. 2005). The higher the score

on the CAST the higher the probability of having more

autistic features (Scott et al. 2002a). The CAST has dem-

onstrated good validity (sensitivity = 100 %, specific-

ity = 97 %) as a screening instrument in Western

populations (note: not all the screen negatives were assessed)

(Williams et al. 2005). Using the UK as a validation sample,

an exploratory factor analysis of the CAST identified four

factors: social behaviour and routines, speech and commu-

nication, peer relationships, and imaginative play (Williams

2003). One study has adopted the CAST to assess autistic

traits which was conducted in the UK and reported moderate

to high heritability for autistic traits in the general population

(Robinson et al. 2011). Used as a screening instrument, the

recommended cut-off is 15 (C15) for indicating a child is at

risk for ASC (Scott et al. 2002b). The CAST was translated

from English to Mandarin by the first author, a native Chi-

nese speaker. It was back-translated by two Chinese–English

bilingual speakers who are not involved in autism research.

The Mandarin CAST was initially piloted in an opportunistic

sample with ten Chinese parents who had children aged

5–10 years; they were selected from the outpatients in the

Paediatric Department of the Peking University First Hos-

pital (PUFH). The final version was then back-translated and

approved by the UK authors. Each item on the Mandarin

CAST also requires a binary (yes/no) response. The 6 items

that did not contribute to the score (items 3, 4, 12, 22, 26, 33)

were removed from the dataset before analysis.

Procedures

Parents of children in both the mainstream schools and

clinical settings were informed of the purpose and proce-

dures of this study by their institutions and then invited to

participate in this study. Each parent was sent a screening

pack which contained an information sheet, a Mandarin

CAST, a consent form and an envelope to return the ques-

tionnaire. Ethical approval for this research was obtained

from the Ethics Committees of the research institutions.

Data Analysis

The Mandarin CAST was distributed to all children in the

two samples for screening purposes. A number of 34

questionnaires were completely missing as they were not

returned back and another 59 questionnaires had missing

items. Fifty-three (7.4 %) had one or two missing items

and six (0.8 %) had three to seven items missing. Item 25

had the most missing data (ten were missing). In total, 694

fully completed questionnaires were available for analysis,

of which 655 came from the mainstream sample and 39

from the clinical sample. Since only completed CAST

questionnaires were used in the analyses, statistical meth-

ods were used to examine the differences in the charac-

teristics between children who were included and those

excluded. Unpaired t tests and one-way ANOVA were used

to compare means, and Chi square test was used to

examine differences in proportions. Whenever the numbers

were small, a Fisher’s exact test was used.

Traditional factor analytical methods use observed data

which are continuous to explore an underlying continuous

latent variable (Bartholomew et al. 2002). Factor analysis

provides a linear factor combination or principal compo-

nents for observed scores from tests based on continuous

data (Kline 2000; Williams 2003). However, these meth-

ods are not appropriate for tests with binary item

responses (yes/no), such as the Mandarin CAST, due to

the fact that factor analysis assumes item responses are on

a continuous metric (Angold et al. 2002; Sharp et al.

2006). If categorical data are analysed using methods for

continuous data in factor analysis, the true factor structure

may be distorted in a multi-dimensional analysis and the

factor loading may be biased in uni-dimensional models

(Muthen 1989; Sharp et al. 2006). When applying linear

models to binary data, the predictions generated may not

lie within a plausible range (\0 or [1) (McDonald 1999;

Sharp et al. 2006).

In this study, the latent structure of the Mandarin

CAST was examined using exploratory CDFA. The

analysis was conducted using MPlus 6.0 (Muthen and

Muthen 2010). Due to the fact that the item responses
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were binary, the correlation matrix used in the CDFA

was a tetrachoric correlation. The factor structure of the

Mandarin CAST was estimated by a robust weighted

least square estimator (WLSMV) (Muthen and Muthen

2010), which has been show to perform well in similarly

sized samples (Flora and Curran 2004; Muthén et al.

1997).

The number of potential factors was determined using

three approaches: (1) extraction of as many factors with

eigenvalues [1 (the Kaiser criterion) (Bandalos and

Boehm-Kaufman 2009); (2) extraction of as many factors

that fall below the ‘elbow’ of a scree plot, and (3) the best

fitting model as indicated by standard CDFA fit indices.

These indices included the Chi square Test of Model Fit,

the root mean square error of approximation (RMSEA),

the comparative fit index (CFI) and the Tucker–Lewis

index (TLI). Values of indices for indicating a good fit

model were RMSEA B 0.06, CFI C 0.95, TLI C 0.95 and

SRMR B 0.08 (Browne and Cudeck 1992; Hu and Bentler

1999). The criteria for indices of an adequate fit model

were RMSEA B 0.08, CFI C 0.90, TLI C 0.90 and

SRMR B 0.10 (Browne and Cudeck 1992; Hu and Bentler

1999; Muthen and Muthen 2009). Oblique Geomin rota-

tion was applied to the factor solution. The Geomin

method is recommended when it is expected that factors

will be correlated and there may be cross-loading factors

(Allison 2009; Muthen and Muthen 2010). In this study,

factor loadings C0.35 were considered salient (Floyd and

Widaman 1995). Once the factor solution was chosen,

items that did not load saliently (i.e. \0.35) on to any of

the factors or cross-loaded onto more than one factor but

loaded only modestly on both factors (i.e. \0.5) were

removed from further analysis. In addition, factors where

only one or two items saliently loaded onto them were

also removed since at least three items were required on

each factor to ensure each one was well-measured

(DeCoster 1998).

To enable greater insight into the psychometric prop-

erties of the Mandarin CAST was represented graphically

using two IRT approaches: the item characteristic curve

(ICC) and the test information curve (TIC). The graphs for

each factor were presented separately. The ICCs provided

trace lines for IRT models that were defined by each item’s

difficulty parameter (related to the intercept/threshold) and

discrimination parameter (related to the factor loading).

They also showed the probability of responding positively

over the full range of the latent trait (Edelen and Reeve

2007).

The TIC provides a graphical representation of the

precision of the measurement—related to reliability—over

the full range of the latent trait (Edelen and Reeve 2007;

Sharp et al. 2006). Since information is equal to the

inverse of the squared standard error of the measurement,

it is useful for indicating where test has the greatest

precision for distinguishing amongst individuals (Lord

1980).

Results

Participants

The mean age of children was 8.2 years old (SD = 1.33,

range 4–11.4). After statistical comparison, no differences

were observed between the children included in this ana-

lysis and those excluded due to missing data. The charac-

teristics of the two samples are shown in Table 1.

The Categorical Data Factor Analysis Model

All the 31 items that could be scored on the Mandarin

CAST were included in the CDFA. Based on the Kaiser

criterion, the eigenvalues suggested a factor solution of up

to seven factors, while the scree plot suggested a two or

possibly three-factor solution. Thus, in the following ana-

lysis, models extracting up to seven factors were consid-

ered. Model fit statistics were in the adequate range for the

two-factor solution, and naturally improved with each

additional factor extracted (Table 2).

The first factor included items concerning social inter-

action and communication (factor 1), while the second

factor included items concerning inflexible/stereotyped lan-

guage and behaviours (factor 2). Sixteen items loaded onto

the first factor and thirteen items loaded onto the second

factor. There were two items, noticing unusual details (item

6) and unusual memory (item 19), that did not have salient

loadings on either factor. The correlation between these two

factors was moderate (Geomin rotated factor correlations

(GFC) = 0.402). The three-factor solution proposed a third

factor, Attention to detail (factor 3). The third factor only

included the two items (items 6 and 19). In order to ensure

that factors are measured well, it is recommended that each

factor should have at least three indicators (observed items)

(Muthen and Muthen 2009). Thus, only a two factor solution

was considered further. Three items (item 6, 14, and 19)

were removed from further analysis since they did not

saliently load onto either factor. Item 37 was observed to

load positively on factor 2 and negatively on factor 1,

however, not modestly ([0.35). Thus, item 37 was kept for

factor 2 further analysis. The CDFA was re-run with the

remaining 29 items for a two-factor solution. The model was

still stable and met the goodness of fit indices criteria

(RMSEA = 0.029, CFI = 0.957, TLI = 0.950, SRMR =

0.064). The correlation between the two factors was mod-

erate (GFC = 0.425). The factor loadings for the 28 items

are shown in Table 3.
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Graphical Presentation of IRT

The ICC and TIC of the IRT model for the two factors are

shown in Fig. 1. With regard to factor 1, all 16 item

difficulties are roughly at the same level for the social and

communication trait and all items are located to the right of

the figures. This indicates that they are located towards the

more severe end of the continuum. The ICCs of factor 1

Table 2 Model fit statistics by factor solutions from exploratory CDFA (31 items)

Factors Chi square RMSEA CFI TLI SRMR Negative residual

variances

Eigen values

v2 df p

1 1,475.091 434 0.000 0.059 0.783 0.767 0.115 No 9.496

2 684.626 404 0.000 0.032 0.941 0.933 0.068 No 3.601

3 546.210 375 0.000 0.026 0.964 0.956 0.060 No 1.687

4 446.310 347 0.0002 0.020 0.979 0.972 0.052 No 1.434

5 366.505 320 0.0374 0.014 0.990 0.986 0.045 No 1.323

6 320.408 294 0.1389 0.011 0.994 0.991 0.041 No 1.137

7 272.966 269 0.4212 0.005 0.999 0.999 0.037 No 1.082

Indices criteria for a model of good fit: RMSEA B 0.06, CFI C 0.95, TLI C 0.95, SRMR B 0.08

Table 1 Characteristics of the

sample
Characteristics Category Mainstream group Clinical group

Age Mean 8.3 (SD 1.2) 6.3 (SD 1.6)

Number (%) Number (%)

Sex Boys 342 (52.2) 35 (89.7)

Girls 302 (46.1) 4 (10.3)

Missing 11 (1.7) 0 (0.0)

Siblings Only child 503 (76.8) 31 (79.5)

Having sibling 114 (17.4) 5 (12.8)

Missing 38 (5.8) 0 (7.7)

Father’s occupation Worker or farmer 110 (16.8) 6 (15.4)

Clerk 195 (29.8) 5 (12.8)

Technical staff 142 (21.7) 20 (51.3)

Manager 30 (4.6) 0 (0.0)

Own-business 113 (17.3) 5 (12.8)

Missing 65 (9.9) 3 (7.7)

Mother’s occupation Worker or farmer 162 (24.7) 8 (20.5)

Clerk 157 (24.0) 7 (18.0)

Technical staff 153 (23.4) 16 (41.0)

Manager 11 (1.7) 0 (0.0)

Own-business 108 (16.5) 4 (10.3)

Missing 64 (9.8) 4 (10.3)

Father’s education Junior high school 101 (15.4) 2 (5.1)

High school 170 (26.0) 9 (23.1)

College 292 (44.6) 16 (41.0)

Master or higher 47 (7.2) 9 (23.1)

Missing 45 (6.9) 3 (7.7)

Mother’s education Junior high school 118 (18.0) 1 (2.6)

High school 180 (27.5) 11 (28.2)

College 284 (43.4) 18 (46.2)

Master or higher 32 (4.9) 5 (12.8)

Missing 471 (6.3) 4 (10.3)

CAST score Mean 7.8 (SD 3.7) 20.5 (SD 5.0)
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indicates that a child located between one and two standard

deviations (SD) above the population mean on the latent

trait would have a 50 % probability of endorsing the

Mandarin CAST items. Children at the mean latent trait

value (0) have a low probability of endorsing any factor 1

item on the Mandarin CAST. The shapes of the ICC curves

of 16 items are similar with sharp slopes, indicating a high

discriminating power for these items with respect to the

social and communication trait. The TIC of factor 1 shows

that measurement precision, and thus reliability, is highest

around 1.7 SD above the mean of the latent trait. At this

point reliability is high at around 0.89, and is also good for

people above the mean of latent trait (Table 4). This has

implications for the interpretation of low and very high

should have atleast trait.

In terms of factor 2, all 12 item difficulties are located

towards the more severe end of the continuum (the right of

the figure). The ICCs of factor 2 indicate that a child located

at around 1 SD above the population mean (0) on this factor

would have a 50 % probability of endorsing the Mandarin

CAST items. The TIC of factor 2 indicates that measure-

ment precision is highest around 1 SD above the mean of

the latent trait. Reliability is 0.83 at this point (Table 4). The

two-factor structure of the 28-item CAST is shown in Fig. 2.

Discussion

The exploratory CDFA suggested the Mandarin CAST

measures two latent autistic traits, social and communica-

tion, and inflexible/stereotyped language and behaviours. It

can be considered as a useful screening instrument of ASC

with good reliability to discriminate individuals with ASC

from those without ASC. It is notable that we also identi-

fied a third factor (attention to details) in this sample,

however, the CAST was found to measure well for the two

factors. The third factor suggested by the analysis focused

on the unusual ability to remember details that children

with ASC sometimes have. This ability could be consid-

ered as one of the unusual talents that have been observed

in children with Asperger’s Syndrome (Conson et al. 2011;

Glanzman 2010; James 2010; Sevik et al. 2010). The two-

factor model was also supported by other studies conducted

in Western populations (Shuster et al. 2013). For example,

this potential factor has been proposed by two studies

based on data from the AQ (Auyeung et al. 2008; Hoekstra

et al. 2008). However, there has been a move towards

combining the social and communication deficits into a

social-communication factor, and considering repetitive

behaviours, interests and activities (RBIA) as another

separate factor (Kuenssberg and McKenzie 2011). One

previous study investigated the factor structure of the ADI-

R algorithm, which suggested a two-factor solution: Ste-

reotyped Language and RBIA, and Impairments in Social

Interaction and Communication (Frazier et al. 2008).

Another study on the ADI-R algorithm also identified two

factors: social/communication and restricted/repetitive

behaviours (Snow et al. 2009). A similar factor solution

Table 3 Geomin rotated factor loadings for the two-factor explor-

atory CDFA solution (28 items)

Item Social and

communication

Inflexible/

stereotyped language

and behaviours

1. Play game with others 0.816 0.172

2. Spontaneous chating 0.605 0.222

5. Fit in peer group 0.721 0.056

7. Takes things literally 0.001 0.514

8. Pretends to play 0.726 -0.167

9. Does the same thing over

and over

-0.062 0.404

10. Easy to interact 0.768 0.210

11. Keeps two-way

conversation

0.757 0.207

13. Same interests as peers 0.652 -0.017

15. Has friends 0.558 0.015

16. Show others things of

interest

0.694 -0.110

17. Enjoys joking around 0.566 -0.039

18. Difficulty in

understanding the rule of

polite behaviours

0.008 0.370

20. Unusual voice -0.095 0.513

21. Considers people

important

0.493 0.092

23. Turn-taking

conversation

0.538 0.230

24. Engages in role-play 0.842 -0.021

25. Tactless language and

socially inappropriate

behaviours

0.112 0.637

27. Eye contact 0.628 0.064

28. Unusual and repetitive

movements

-0.001 0.621

29. One-sided social

behaviours

0.279 0.626

30. Pronominal reversal 0.015 0.543

31. Prefers imaginative

activities

0.644 -0.264

32. Loses listeners 0.082 0.643

34. Imposes routines -0.143 0.632

35. Cares about the

perception by others

0.415 -0.113

36. Turns conversation to

his/her own interests

0.097 0.668

37. Odd or usual phrases -0.393 0.627

The values in bold are salient loadings
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was further proposed by one study based on another

screening questionnaire, the Adult Asperger Assessment

(Baron-Cohen et al. 2005; Kuenssberg and McKenzie

2011) and the SRS (Frazier et al. 2012). In this study, the

correlation between the two factors was found to be modest

which suggested that the two factors may be largely

independent of each other. Thus, this study provides further

evidence for a two-factor model regarding autistic traits

which was also suggested by a recent review (Shuster et al.

2013). Although the CAST was designed according to the

criteria in DSM-IV, the latent traits identified in this Chi-

nese population are in line with the DSM-V (Ghaziuddin

2010). It also provides evidence for the adaptability of the

CAST in a different culture.

Regarding the performance of the CAST items, except

the two items (item 6 and 19) on the third factor, item 14

did not perform well for either factor. These three items

were removed. In addition, item 37 cross-loaded on both

factors. However, as items are expected to cross-load due

the correlation between latent factors, especially when both

cross-loadings are salient, item 37 was not removed. Thus,

the final CAST contained 28 items.

Regarding the utility of the CAST, this study found the

CAST measured autistic traits with high precision in peo-

ple around 1–2 SD’s above the mean of the latent trait. This

suggests that the CAST can be used as a screening

instrument to discriminate between ASC and non-ASC

individuals for population-based studies. However, the

variation of reliability within the full range of the latent

autistic trait (Table 4) suggested that caution needs to be

adopted when using the current CAST to assess autistic

symptoms. A previous twin study used the CAST and

identified genetic heterogeneity across symptom domains

(Robinson et al. 2011). Since the reliability of the CAST

decreased when measuring the low/moderate levels of

autistic traits, if the factor structure identified from this

study is applicable to a western sample, it is possible that

the decreased reliability of the CAST could potentially

Fig. 1 ICC and TIC for two latent traits of the 28-item Mandarin CAST

Table 4 Reliability of the Mandarin CAST measuring two factors

across the range of the latent trait (h)

h Factor 1 Factor 2

Reliability Reliability

-3 0.09 0.17

-2 0.29 0.36

-1 0.50 0.55

0 0.74 0.76

1 0.87 0.83

2 0.88 0.74

3 0.74 0.55
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Factor correlation 
GFC=0.425 

Social  
& 

Communication 

8. Pretending play

10. Easy to interact

11. Keep two-way conversation

13. Same interests as peers

15. Have friends

16. Show others things of interest

17. Enjoy joking around

21. Consider people important

23. Turn-taking conversation

24. Engage in role-play

27. Eye contact

31. Prefer imaginative activities

7. Take things literally

9. Do same thing over and over

18. Take things literally

20. Difficulty in understanding 

29. One-sided social behaviours

25. Tactless language  

Inflexible/Stereotyped 
Language & 
Behaviours 

0.73 

0.77 

0.76 

0.65 

0.56 

0.70 

0.57 

0.50 

0.54 

0.84 

0.63 

0.64 

0.64 

0.63 

0.54 

0.64 

0.63 

0.67 

32. Lose listeners

34. Impose routines

36. Turn conversation to his/her 

2. Spontaneous for chat

0.72 

35. Care about perception by others

5. Fit in peer group

1. Play with others

37. Odd or usual phrases 

30. Pronominal reversal

28. Unusual/repetitive movements

0.82 

0.61 

0.42 

0.51 

0.40 

0.37  

0.51 

0.68
2

0.63 

Fig. 2 Two-factor model of the Mandarin CAST (28 items)
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underestimate the correlation across different traits. How-

ever, there is a clear difference between the samples of the

twin study and the current study. In the former study,

autistic traits were measured in a representative twin

sample. In the current study, autistic traits were measured

in a combined sample from a clinical setting and main-

stream schools. This may have lead to the differences in the

factor model generated from the CAST data.

Regarding the clinical implications of the CAST, due to

the inconsistent reliability of the instrument, it is important

to remember that a low score on the CAST does not nec-

essarily indicate the absence of autistic traits. Similarly, a

very high CAST score may not necessarily indicate more

severe symptoms. This is a common issue with screening

tools that is accentuated by the dichotomous scaling

approach of the instrument. The current scaling approach

may have limited the measurement ability of the CAST for

prognosis and treatment tracking. Further research is nee-

ded to develop more dimensional scaling approach to

instrument development and investigate whether other

ASC screening instruments have the same problems.

Limitations

A limitation of this study is the representativeness of the

study sample. Both children with an existing diagnosis of

ASC and children in the general population were recruited.

Most of the children with an existing diagnosis (childhood

autism) were children at the more severe end of the spec-

trum. This sampling approach was also adopted in a pre-

vious study in the UK (Auyeung et al. 2008). The

combined sample will not be representative of the general

population in mainland China. However, the CAST was

developed among the general population in the UK, where

children with ASC are integrated into mainstream schools.

In mainland China, children with ASC are turned away

from mainstream schools (Sun et al. 2012). Thus, the

mainstream school population in mainland China may not

be comparable to the mainstream school population in the

UK. The sampling strategy in this study aimed to produce a

more heterogeneous sample with an appropriate proportion

of individuals with ASC and typically developing children.

Although most factor analysis studies have been con-

ducted among clinical samples, it has been suggested by a

previous factor analysis study using the ADI-R that studies

examining measurement factor structures should also be

performed in more heterogeneous samples with a greater

proportion of individuals who do not meet the diagnostic

criteria for the ASC (Frazier et al. 2008). In addition, due to

missing values, not all the collected questionnaires were

used for this analysis. Another approach using data impu-

tation for those missing values could be conducted.

However, 91 % of the questionnaires were fully completed

and it is unlikely that the excluded questionnaires would

affect the results of the factor structure.

Personal judgments were required in the factor analysis

during the reduction of items, which may have influenced

the results (Allison et al. 2008). These judgments included

choosing the criteria for a salient loading, the factor

extraction and the criteria for indices of model fit. How-

ever, the inclusion criteria choices adopted in this study

were consistent with previous studies (Frazier et al. 2008;

Kanne et al. 2011; Pandolfi et al. 2009). In addition, this

study is only an exploratory study. Due to the limited

sample size, we only performed an exploratory factor

analysis and removed items with poor fit to get a fit model.

In the future, a confirmatory factor analysis should be

performed to confirm the two-factor structure in larger

Chinese sample.

Conclusion

A two-factor model was identified for the CAST: social

and communication, and inflexible/stereotyped language

and behaviours, which is in line with the DSM-V criteria of

ASC. The Mandarin CAST measured the two latent traits

adequately at the point of discrimination, which suggested

the CAST can be considered as a screening instrument for

discrimination between children with and without ASC for

population-based studies. However, the interpretation of

the scores needs to be made with caution since there is

variation of reliability when measuring the latent traits. The

two factors measured by the Mandarin CAST provided

some evidence to support the idea that the symptom

manifestations of ASC in Chinese children shared some

similarities with Western populations.
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Table 5 Description of studies on factor analysis of screening instruments for ASC in Western populations

Screening instrument Author and year Sample

size

Sample source Age (SD) Analytical

methods

No. of

factors

Proposed factors

Autism Spectrum

Screening

Questionnaire (ASSQ)

Posserud et al.

(2008)

6,229 General population 7–9 PCA and

EFA

3 Social function

Autism-associated

problems

Cognitive style

associated with

HFA/AS

Social and

Communication

Questionnaire (SCQ)

Gau et al. (2011) 736 Clinical ASC and

relatives

2–18 CFA 3 Social interaction

Communication

Repetitive

behaviour

Social Responsiveness

Scale (SRS)

Constantino

et al. (2004)

226 Clinical PDD and

other disorders

4–18 CA and

PCA

1 Single underlying

‘autism’ factor

Frazier et al.

(2012)

14,744 Clinical ASC and

non ASC

2–18 EFA, LCA

and FM

2 Social

communication/

interaction

Restrcted/repetitive

behaviours

Autism quotient (AQ) Auyeung et al.

(2008)

1,765 General population

and clinical ASC

4–9 PCA 4 Mind-reading

Attention to detail

Social skill

Imagination

Hoekstra et al.

(2008)

1,299 University students

and general

population

Mean 21.9

(3.69)

35.68 (6.33)

CFA 2 Social interaction

Attention to detail

Stewart and

Austin (2010)

536 University students Mean 24.3

(10.5)

EFA and

CFA

4 Socialness

Pattern

Understanding

others/

communication

Imagination

Gilliam Autism Rating

Scale

(GARS)

Lecavalier

(2005)

284 ASC students Mean 9.3 (3.9) PCA and

EFA

3 Stereotyped and

repetitive

behaviours

Social interaction

Communication

Adult Asperger

Assessment (AAA)

Kuenssberg and

McKenzie

(2011)

153 Clinical AS and HFA Mean 33 (11) CFA 2 Social

communication

RIBA

Childhood Autism

Rating Scale (CARS)

Magyar and

Pandolfi

(2007)

164 ASC students Mean

43.27 months

(19.78)

PCA and

PAF

4 Social

communication

Relating to people

and visual

response

Stereotypy and

sensory

abnormalities

Emotional

regulation
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