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1 

 

Psychometric properties of the Mandarin version of the Childhood Autism Spectrum 

Test (CAST): An exploratory study 

 

Autism Spectrum Conditions (ASC) are characterised by impairments in social 

interaction and communication, alongside unusually repetitive/restricted interests, 

behaviour and activity (American Psychiatric Association, 2000). The International 

Classification of Disease, 10th revision (ICD-10) (World Health Organisation, 1993), 

describes ASC as including four subgroups: Childhood Autism, Atypical Autism, 

Asperger’s Syndrome and Pervasive Developmental Disorder, unspecified. Due to the 

lack of biomarkers, the diagnosis of ASC still depends on behavioural descriptions 

(Magyar & 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 & Todd, 2003; Mandy & Skuse, 2008; Spiker, Lotspeich, Dimiceli, 

Myers, & Risch, 2002). Early studies for this proposed dimensional concept 

investigated the association between genetic liability for ASC and the milder, non-

psychopathological features within the relatives of individuals with ASC (Bolton et al., 

1994). Further studies suggested that autistic traits are continuously distributed in the 

larger general population (Constantino & Todd, 2003; Posserud, Lundervold, & 

Gillberg, 2006). Factor analysis has been used to explore the possible dimensions of 

ASC, with the data being collected using screening and diagnostic assessment 

instruments in different samples (Bolte, Westerwald, Holtmann, Freitag, & Poustka, 

2011; Happe & Ronald, 2008).  
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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 & Todd, 2003). Other researchers, also using 

factor analysis, have 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 structures of 

these proposed factors differed among the studies, these factors roughly covered the 

three core domains of impairment in ASC including Social Interaction, 

Communication, Repetitive and stereotyped behaviours 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, Youngstrom, Kubu, Sinclair, & Rezai, 2008; Snow, 

Lecavalier, & Houts, 2009). A recent study using the SRS suggested a two symptom 

dimensions  including the social communication/interaction and restricted/repetitive 

behaviours 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 used 

(Kuenssberg, McKenzie, & Jones, 2011; Mandy & Skuse, 2008). The results could 

also be influenced by sample characteristics, the nature of the assessment instruments, 

and by the subjective interpretations used when naming the identified factors in factor 

analysis (Kuenssberg et al., 2011; Mandy & Skuse, 2008). Although there has been no 

agreement on the number or structure of latent traits for ASC, exploring the 
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dimensional approach 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 using 

several screening instruments for ASC.  A summary of factor analytic studies of ASC 

screening instruments is given in Appendix 1.  

 

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 psychometric 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 investigated 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 
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children with ASC, especially those with 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) (Kamio, 2007; Williams, 2003). The CAST 

has demonstrated good validity (Sensitivity=100%, Specificity=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 communication, peer relationships, and imaginative play (Williams, 2003).  So 

far, only 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). 

 

In this study, a combination approach has been adopted to explore the factor structure 

of instruments with binary responses (Sharp, Goodyer, & Croudace, 2006). This 

approach draws on the equivalence of Categorical Data Factor analysis (CDFA) and 

Item Response Theory (Khalid, 2011) (IRT). Following this method, this study 

conducted an exploration 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 using an exploratory CDFA with model parameters transformed to IRT model 

parameters to assist with interpretation.  

 

Method 

 

Participants 
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The CAST was developed for the general population in the UK, where children with 

ASC are integrated into mainstream 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, Allison, Auyeung, Baron-Cohen, & Brayne, 2012). 

The sample in the present study was drawn from two groups: 1) a group based in 

mainstream schools in Beijing, involving the parents of 737 typically developing 

children in school years 1 to 4 who did not have an ASC diagnosis; 2) a clinic-based 

group involving the parents of 50 children with an existing diagnosis of autism before 

this study. The latter were recruited from the Beijing China Disabled Persons’ 

Federation (BCDPF) and the Elim autism rehabilitation centre in Qingdao. The 

BCDPF takes charge of people with all kinds of disabilities in Beijing and is a local 

branch of the China Disabled Persons’ Federation (CDPF). The Elim autism 

rehabilitation centre is a private centre in Qingdao that provides interventions for 

children from different regions of mainland China aged 3-6 years with ASC. All the 

students in ordinary 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 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 scores 0 or 1, with the total score ranging from 0 to 31 and higher 

scores indicating greater symptoms of ASC (Scott, Baron-Cohen, Bolton, & Brayne, 

2002a). Used as a screening instrument, the recommended cut-off is 15 (≥15) for 
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indicating a child is at risk for ASC (Scott, Baron-Cohen, Bolton, & Brayne, 2002b). 

The CAST was translated from English to Mandarin by the first author, a native 

Chinese 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 opportunity sample with ten Chinese parents who had children aged 5-10 years; 

they were selected from among the outpatients in the Paediatric Department of the 

Peking University First Hospital (PUFH). The final version was then back-translated 

and approved by the UK authors. Each item in the Mandarin CAST 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 used were 

informed of the study’s purpose and procedures by their institutions and invited to 

participate in screening using the Mandarin CAST. They were sent packs comprising 

an information sheet, a Mandarin CAST, a consent form and an envelope in which to 

return the questionnaire. Ethical approval for this research was obtained from the 

Ethics Committees of the research affiliations. 

 

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. 53 (7.4%) had one or 
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two missing items and six (0.8%) had three to seven items missing. Item 25 had the 

most missing data (10 were missing). In total, 694 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 methods were used to examine the differences in the characteristics 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 (Bartholornew et al., 2002). Factor 

analysis provides a linear factor combination or principal components for observed 

scores from tests based on continuous data (Kline, 2000; Williams, 2003). However, 

these methods 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, Erkanli, Silberg, Eaves, & Costello, 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 & Muthen, 
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2010). Due to the fact that the item responses 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 

& Muthen, 2010), which has been show to perform well in similarly sized samples 

(Flora & Curran, 2004; Muthen, du Toit, & Spisic, 1997). 

 

The number of potential factors was determined using three approaches: 1) extraction 

of as many factors with eigenvalues greater than 1 (the Kaiser criterion)  (Bandalos, 

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 

were 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 in fit indices indicative of a good fitting model were RMSEA≤0.06, CFI≥0.95, 

TLI≥0.95 and SRMR≤0.08 (Browne & Cudeck, 1992; Hu & Bentler, 1999).The 

criteria for indices of an adequate fit model were RMSEA ≤0.08, CFI ≥0.90, TLI 

≥0.90 and SRMR≤0.10 (Browne & Cudeck, 1992; Hu & Bentler, 1999; Muthen & 

Muthen, 2009). Oblique Geomin rotation 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 & Muthen, 2010). In 

this study, factor loadings ≥0.35 were considered salient (Floyd & Widaman, 1995). 

Once the factor solution was chosen, items that did not load saliently (i.e. <.35) on to 

any of the factors or cross-loaded onto more than one factor and 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 
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least three items were required on each factor to ensure each one was well-measured 

(DeCoster, 1998). 

 

To enable greater insight into the psychometric performance 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 & 

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 & 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 

analysis and those excluded due to missing data. The characteristics of the two 

samples are shown in Table 1. 
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[insert Table 1 about here] 

 

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 analysis, models extracting up to seven factors were 

considered. Model fit statistics were in the adequate range for the two-factor solution, 

and naturally improved with each additional factor extracted (Table 2).  

 

[insert Table 2 about here] 

 

The model fit statistics for the two-factor solution met the adequate model fit criteria. 

The first factor included items concerning Social Interaction and Communication 

(Factor 1), while the second factor included items concerning Inflexible/Stereotyped 

Language 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 four or five indicators (observed items) (Muthen 
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& Muthen, 2009). Thus, only a two factor solution was considered further. Five items 

were removed from the analysis: item 6, 14, and 19 did not saliently loaded onto 

either factor, and item 20 and 23 were observed to cross-load modestly on to both 

factors.  The CDFA was re-run with the remaining 26 items for a two-factor solution. 

The model was still stable and met the goodness of fit indices criteria (RMSEA=0.035, 

CFI=0.961, TLI=0.954, SRMR=0.063). The correlation between the two factors was 

moderate (GFC=0.447). The factor loadings for the 26 items are shown in Table 3.  

 

[insert Table 3 about there] 

 

Graphical presentation of IRT 

 

The ICC and TIC of the IRT model for the two factors are shown in Figure 1. With 

regard to Factor 1, all 15 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 indicates that a child located between 1 and 2 standard deviations 

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 in the Mandarin CAST. The shapes 

of the ICC curves of 15 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 1.8 standard deviations 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 
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trait (Table 4). This has implications for the interpretation of low and very high scores 

on this trait. 

 

In terms of Factor 2, all 11 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 standard deviation 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 measurement precision is highest around 1 standard deviation 

above the mean of the latent trait. Reliability is 0.83 at this point (Table 4).  

 

[insert Figure 1 & 2 & Table 4 about here] 

 

Discussion 

The exploratory CDFA suggested the Mandarin CAST measures two latent autistic 

traits, Social and Communication, 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. The third 

factor suggested by the analysis focusing on the unusually good ability to remember 

details that children with ASC sometimes have. This ability could be considered one 

of the more unusual talents that have been observed in children with Asperger’s 

Syndrome (Conson, Salzano, & Grossi, 2011; Glanzman, 2010; James, 2010; Sevik et 

al., 2010). 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 
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(RBIA) as another separate factor (Kuenssberg & McKenzie, 2011). The two factors 

identified in this study were in line with the DSM-V (Ghaziuddin, 2010). One 

previous study investigated the factor structure of the ADI-R algorithm and suggested 

a two-factor solution: Stereotyped 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 was 

further proposed by one study based on another screening questionnaire, the Autism 

Asperger Assessment (Baron-Cohen, Wheelwright, Robinson, & Woodbury-Smith, 

2005; Kuenssberg & McKenzie, 2011) and SRS (Frazier et al., 2012). The modest 

correlation between factors was found which suggested that the two dimensions may 

largely separable. Thus, this study provided some evidence against the single autism 

dimension.  

 

However, the CAST need to be used with caution. The reliability of the factors it 

measures was high only between 1 and 2 standard deviations above the mean of the 

latent trait. The variation of reliability within a range of the latent autistic trait 

suggested that it may be difficult to use the current CAST to grading levels of autistic 

symptoms in the general population. Thus, when using the CAST, it is important to 

remember that low scores do not necessarily indicate the absence of autistic traits. 

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 needed to assess whether other ASC screening instruments suffer the same 

problem. 
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Limitations 

 

A limitation of this study is the representativeness of the study sample. Both children 

with existing diagnosis of ASC and children in the general population were recruited. 

Most of the children with an existing diagnosis (Childhood Autism) were autistic 

children at the more severe end of the spectrum. This sampling approach was also 

adopted in a previous 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, Allison, Auyeung, Matthews 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 conducted 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 imputation for those missing values could be conducted. 
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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 salient loading, the factor extraction and the criteria 

for indices of model fit. However, the inclusion criteria choices adopted in this study 

were consistent with previous studies (Frazier et al., 2008; Kanne et al., 2011; 

Pandolfi, Magyar, & Dill, 2009). In addition, this study is only an exploratory study. 

Due to the limited sample size, we only perform the 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 solution was proposed which comprised Social and Communication, and 

Inflexible/Stereotyped Language and Behaviours. The Mandarin CAST measured the 

two latent traits adequately at the point of discrimination. 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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