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1. Introduction 

 

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

interaction, communication, alongside the presence of usually repetitive and 

stereotyped behaviours, and usually narrow interests and activities.(American 

Psychiatric Association, 2000) ASC are conceptualised to lie on a continuum, with 

degrees of severity, ranging from individuals diagnosed with childhood autism to 

milder manifestations of the condition such as Asperger Syndrome (Chlebowski, Green, 

Barton, & Fein, 2010). As a neurodevelopmental condition, the impairments associated 

with ASC persist across the lifespan (World Health Organisation, 1993). Targeted 

intervention may reduce the risk of secondary difficulties and help to improve the 

quality of life of people with ASC (Bryson, Rogers, & Fombonne, 2003; Dover & Le, 

2007). Thus, early detection of ASC is necessary to increase the value of early 

appropriate interventions (Baron-Cohen et al., 2000; Vostanis, Smith, Chung, & 

Corbett, 1994). 

      Recent epidemiological studies in the West report the prevalence of ASC to be 

around 1% of the general population (Baron-Cohen et al., 2009). These studies have 

adopted a two-phase process for case identification including: screening followed by 

diagnostic assessment, and using standardised diagnostic instruments (Fombonne, 

2009). Outside the West, less research has been conducted on ASC. To date, little is 

known about the prevalence of ASC in China. An early review suggested the 

prevalence of ASC in mainland China is around 0.1%, much lower than Western 
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estimates (Sun & Allison, 2009). However, research methodologies in existing studies 

are different from those in the West, which has led to difficulties in comparing results 

(Tang, Guo, Rice, Wang, & Cubells, 2010; Zhang & Ji, 2005). One major difference is 

the choice of screening and diagnostic instruments. Mainland China has a large 

population and most screening tools that have been used were developed from the West 

more than three decades ago (Wang, Wang, & Wang, 2003; Yang, Huang, Jia, & Chen, 

1993). 

     Potential screening instruments for ASC should be evaluated in a Chinese 

population. When examining the utility of a screening instrument for ASC, both 

validity and reliability need be determined. Reliability can be examined by conducting 

a test-retest study. The test-retest reliability of screening instruments for ASC has been 

reported in previous studies using varying approaches (see Table 1). The reliability of 

the Childhood Autism Rating Scale (CARS) was first investigated by examining the 

inter-rater agreement for a particular cut-off using Cohen’s kappa (Cohen, 1960; 

Pereira, Riesgo, & Wagner, 2008), and by calculating the descriptive statistic, the 

intra-class correlation, to assess the consistency of quantitative measurements made by 

observers (Yen & Lo, 2002). Cohen’s kappa was also used in a reliability study of the 

Gilliam Autism Disorder Scale (GADS) (Gilliam, 2003). The test-retest reliability of 

the Autism Behaviour Checklist (ABC) (Goodman & Minne, 1995), the Social 

Communication Questionnaire (SCQ) (Gau et al., 2011) and the Social Responsiveness 

Scale (SRS)(Bolte, Poustka, & Constantino, 2008) was examined by calculating the 

intra-class correlation coefficient. The SCQ (Bolte, Crecelius, & Poustka, 2000), the 
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ASSQ (Ehlers & Gillberg, 1993) and the SRS (Pine, Luby, Abbacchi, & Constantino, 

2006) were also analysed using a Pearson’s correlation coefficient. One study of the 

ASSQ used a paired t-test to detect whether the disagreement between the test pairs 

was random (Ehlers, Gillberg, & Wing, 1999). 

 

[insert Table 1 here] 

 

     The Childhood Autism Spectrum Test (CAST) is a screening instrument 

developed in the UK to detect ASC in children aged 4 to 11 years old. It was developed 

specificly for children in mainstream schools to detect autistic behaviours because 

many children with ASC (especially those with subtle manifestations of the condition 

such as Asperger Syndrome) are often not identified before primary school (Kamio, 

2007; Williams, 2003). The CAST was previous known as the Childhood Asperger 

Screening Test (Scott, Baron-Cohen, Bolton, & Brayne, 2002). The same acronym and 

the items were retained, but the title was modified since the same instrument can be 

used to detect all ASC, not just Asperger Syndrome (Baron-Cohen et al., 2009). 

Previous studies have provided evidence that the CAST can be used as a screening 

instrument in large population-based epidemiological research for ASC. The 

recommended cut-off on the CAST is 15. The sensitivity of CAST at that cut-point in a 

population setting was 100%, specificity was 97%, and positive predictive value (PPV) 

was 50% (Williams et al., 2005). The CAST was used as a screening instrument to 

detect children with possible ASC in a large prevalence study of children aged 5-9 in 
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mainstream schools in Cambridgeshire, which reported a prevalence estimate of 157 

per 10,000 in the UK (Baron-Cohen et al., 2009).  

     The test-retest reliability of the UK CAST was found to be good when it was 

examined across two score groups (<15 versus ≥15) in a population sample of children 

in mainstream schools (kappa=0.70) (Williams et al., 2006). Another study examined 

the test-retest reliability of the CAST in a sample enriched with high scorers in the UK 

(Allison et al., 2007) in order to see how reliable the instrument was across the 

threshold of 15. Moderate agreement was reported (kappa=0.41) across two score 

groups (<15 versus ≥15) and 73.8% children did not move between score groups. This 

study also found fair test-retest reliability across three score groups (≤11, 12-14, ≥15) 

(kappa=0.25).  

     In order to use the CAST in large population-based epidemiological studies in 

China, it is important to examine its test-retest reliability. Another study has examined 

the validity of the CAST in a Chinese mainstream school population and will be 

reported elsewhere (Sun et al., 2012). This study examined the test retest reliability of 

the Mandarin version of the CAST in mainland China in a high scoring sample, using 

the same methodology reported in Allison et al (Allison et al., 2007).  

 

2. Methods 

 

2.1. Participants  
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The CAST (CAST-1) was distributed to the parents of 737 children aged 6-11 years 

(school years 1 to 4) in two mainstream schools in Beijing city. The questionnaires 

were distributed by school teachers for parental completion at home. The returned 

questionnaires were collected from teachers. In total, 714 questionnaires (response rate: 

97%, not unusual in Chinese studies) were returned. Those children who scored at or 

above 15 (≥15), and those who scored between 12 and 14 (12-14), were invited to a 

diagnostic assessment, as were 5% of randomly selected children who scored less than 

12. The parents were informed that an invitation for further assessment did not mean 

that their children had problems. The researchers explained to them that this research 

selected children in all score groups in order to get more representative presentation of 

social and communication behaviours of the children in mainstream schools. The 

responders were contacted two months after the distribution of CAST-1 and invited for 

a detailed diagnostic assessment. The CAST (CAST-2) was distributed again to 

participants who came for the diagnostic assessment. The diagnostic assessment 

included the Autism Diagnostic Observation Schedule (ADOS) (Lord, Rutter, 

DiLavore, & Risi, 2001) and the Autism Diagnostic Interview-Revised (ADI-R) 

(Rutter, LeCouteur, & Lord, 2003). The CAST-2 was administered before the 

diagnostic assessments. The time lag between the distribution of the CAST-1 and 

CAST-2 was 2 to 4 months. In order to encourage participation, the parents were 

informed by an invitation letter about the purpose of this study was to examine the 

social and communication ability of the child. The completion of the CAST-2 was not 
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required to be by the same parent/caregiver that completed the CAST-1. Only children 

with the same informant at CAST-1 and CAST-2 were included in the analyses. 

 

2.2. Measures  

 

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

native Chinese speaker. It was back-translated by two Chinese-English bilingual 

speakers, not involved with autism research. The validated Taiwanese version of the 

CAST was used as a reference for language adjustment. In order to be culturally 

appropriate, the language adjustments were conducted first through discussion within a 

group of experts in ASC in Beijing. The Mandarin CAST was initially piloted with ten 

Chinese parents whose children were between 5-10 years of age, and selected from 

outpatients in the Paediatric department of Peking University First Hospital (PUFH). 

The final version was back-translated and sent to the UK authors to approve. The 

original CAST is a 37-item parental questionnaire, of which 31 items are scored. For 

each scored item, one point is assigned for an ASC-positive response and 0 for an 

ASC-negative response. Thus, the CAST total score ranges from 0 to 31 (Baron-Cohen 

et al., 2009). Scoring of the Mandarin CAST was identical to the original CAST. Some 

items are reverse scored so that not all ‘yes’ response score 1. 

 

2.3. Procedure 
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Ethical approval for this research was sought from the Ethics Committee in PUFH and 

as well as the Cambridge University Psychology Research Ethics Committee. Consent 

forms were distributed with the CAST-1 to the parents of children in two schools. It 

contained an explanation of the purpose and procedure of the study as well as 

reassurances about confidentiality. Only the parents who provided consent were 

contacted further for this study.   

 

2.4. Data analysis 

 

All analyses were conducted using STATA 10.0. For each individual, the maximum 

score was calculated by recoding missing items to one (ASC-positive score). The 

minimum score was calculated by recoding missing items to zero (ASC-negative 

score). Initial analyses were undertaken using the minimum score. Agreement between 

scores on the CAST-1 and CAST-2 was assessed by treating the data in three ways: 

1. in two score categories (<15 versus ≥15) 

2. in three score categories (≤11, 12-14, ≥15) 

3. as a whole scale 

     The main outcome for test-retest reliability was a measure of agreement. 

Cohen’s kappa investigates the extent to which there is agreement other than that 

expected by chance expressed as a ratio to the maximum possible agreement.(Cohen, 

1968) Cohen’s kappa=(Po-Pe)/(1-Pe), where Po is the observed agreement and Pe is the 
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expected agreement which is calculated by multiplying the row total by the column 

total divided by the overall total.(Cohen, 1968)  

     Overall agreement was calculated into a binary categorisation (<15 versus ≥15) 

as: Po= (a+d)/N (letters refer to Table 3) and Pe 

=((a+b)/N*(a+c)/N+(c+d)/N*(b+d)/N))/N. Agreement was calculated for scoring 

positive for ASC (≥15): Ps+ =2d/(2d+b+c), as well as both negative for ASC: 

Ps-=2a/(2a+b+c). This is the conditional probability, given that one of the scores was 

≥15 or <15, the other would be as well (Allison et al., 2007). Exact binomial 

confidence intervals were calculated for these proportions. Marginal heterogeneity was 

assessed using an exact binomial test. The null hypothesis of the exact binomial test 

was that the marginal proportions were equal, which indicated that the children had the 

same marginal probability to move down a score group as well as up a score group 

over time. This is to test whether the proportion of b out of b+c or the proportion of c 

out of b+c equals to 0.5. Since a two-sided exact binomial test was applied, the 

probability was doubled.  

     The next analyses were conducted to evaluate the reliability of the Mandarin 

CAST using three score groups (≤11, 12-14 and ≥15). Both the kappa coefficient and 

weighted kappa coefficient were calculated. The latter took into account that 

movement across two score groups as a result of the change in the CAST-2 was more 

important than movement across one score group. Standard weights for agreement 

were applied using linear weights: 1 for no change of score group, 0.5 for change of 

one group, and 0 for change of two score groups (Cohen, 1968). According to the 
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standard interpretation of Cohen’s kappa, the reliability between 0.60 and 0.80 is 

considered as a good reliability (Altman, 1991). 

     Because the cut-offs for the sampling of the Mandarin CAST are still provisional, 

it was sensible to analyse the reliability of the Mandarin CAST as a whole scale. The 

Mandarin CAST score was treated as a continuous variable. Descriptive statistics were 

provided on the score distribution at the CAST-1 and the CAST-2. Since the 

distribution of scores did not follow a normal distribution, non-parametric statistical 

tests were used for analyses. The association between scores on the CAST-1 and 

CAST-2 was examined by calculating a Spearman’s rank correlation coefficient. The 

difference between the scores on the CAST-1 and CAST-2 was also examined by the 

Wilcoxon Signed Rank Test to verify the association. This approach was adopted 

because the correlation coefficients and their significance can only justify that the two 

measures are related but do not necessarily agree with each other. Therefore, there may 

be perfect correlation but no agreement (Bland & Altman, 1986). Thus, the correlation 

coefficients provide limited information because two measures can be perfectly 

correlated but biased with respect to one another (Allison, 2009). In this study, because 

the CAST-1 and the CAST-2 were used to measure the same autistic features, they 

would be expected to be highly related. Thus, both Spearman’s rank and Wilcoxon 

Signed Rank tests were adopted.  

     The difference between scores was plotted against the mean score, together with 

limits of agreement (Bland & Altman, 1986). The differences between scores of the 

two tests were calculated with their mean and standard deviation. The limits of 
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agreements are the mean difference between the test scores plus or minus 1.96 standard 

deviations.  

Three sensitivity analyses were carried out to investigate the effect of missing data: 

1. All missing data at CAST-1 and CAST-2 were recoded as one to give a maximum 

score. 

2. A mid-point score for each individual was generated, which was the average of 

the maximum and minimum score (rounded up to the nearest whole number). 

The analyses were conducted using the mid-point score. 

3. The analyses were repeated using the minimum score of CAST-1 and the 

maximum score of CAST-2. This approach was to investigate the most extreme 

effect of missing data on the observed difference in scores.  

 

3. Results 

 

3.1. The study sample  

 

In total, the parents or caregivers of 103 children completed both CASTs. N=70 

children with two CASTs completed by the same informant took part. Parents of n=59 

children (84.3%) completed both CASTs with no missing data, nine questionnaires 

(12.9%) had one item missing, and another two questionnaires had three or four items 

missing. The median age of the 70 children was 8.4 years old (range: 6.3-11.2). The 

mean IQ was 114 (range: 84-143). There were 36 boys and 34 girls (male: 
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female=1.06:1). Forty-four children (64%) were born in Beijing while the others were 

born in other regions in mainland China. Fifty-three children (76%) were an only child 

while 13 children (19%) had one brother or sister.  

 

3.2. Two score categories 

Agreement between the minimum score on the CAST-1 and CAST-2 was examined 

first by categorising children into two score groups (<15 and ≥15) (Table 2). The kappa 

statistic for binary categorisation showed that there was good agreement between the 

scores (kappa=0.64, p<0.001) when applying Landis’s categorisation.(Landis & Koch, 

1977) The overall agreement of categorising an individual in the high score group (≥15) 

in both tests was 88.6% (95% CI: 79, 95). The specific agreement Ps+  in the ≥15 

category was 71% (95% CI: 59, 82).  The specific agreement Ps- in the <15 score 

group was 93% (95% CI: 84, 98). Marginal heterogeneity was indicated (X~Bin (8, 3)) 

two-sided, p=0.73. This suggested that the differences in marginal proportions were not 

significant, so children were no more likely to move down a score group than they 

were to move up a score group. 

 

[insert Table 2 here] 

 

3.3. Three score categories 
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Examining all score groups separately, 44 children (63%) did not move score groups, 

while 22 children (31%) moved down a score group. Among these, four children (6%) 

moved from the ≥15 to the 12-14 score group and 18 (26%) children moved from 

12-14 to the ≤11 score group. Three children (4%) moved up a score group and all of 

them moved from the ≤11 to 12-14 score group. One child (1%) moved two score 

groups, from the ≥15 to the ≤11 score group (see Table 3).  

     The overall agreement in the categorisation among three score groups (≤11, 

12-14, ≥15) was 62.9% (95% CI: 50%, 74%). The weighted kappa showed there was 

moderate test-retest reliability (kappa=0.53, p<0.001). 

 

[insert Table 3 here] 

 

3.4. Whole scale 

 

The median score on the CAST-1 was 13 (range: 2-21). The median score on the 

CAST-2 was 11 (range: 2-24) (see Figure 1). The Spearman’s correlation coefficient 

between the two scores was 0.73 (p<0.001). The Wilcoxon Signed Rank Test treated 

the scores on the CAST-1 and CAST-2 in each individual as a test pair. The test 

hypothesis was that the difference between the CAST-1 and CAST-2 in each individual 

was equal to zero. The test statistic showed there was a significant difference between 

test pairs (p=0.0002). The median difference between two test scores was -0.5 (IQR: -4, 
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0; range: -7, 3). More children (50.0%) scored lower at the time of the CAST-2 than at 

the CAST-1. 

 

[insert Figure 1 here] 

 

3.5. Change in item endorsement between two CASTs 

 

The frequency of change including the change direction in each scorable item is shown 

in Table 4. All items changed in endorsement between the two CASTs. Of the 31 items, 

item endorsement changed in 3 items in 10% of the sample, 6 items changed in 

11%-20% of the sample, 8 items changed in 21%-30% of the sample, 10 items 

changed in 31%-40%, and 4 items changed in more than 40% of the sample.  

 

[insert Table 4 here] 

 

3.6. Sensitivity analysis 

 

Using different scores, three sensitivity analysis were conducted. In all three sensitivity 

analyses, the kappa statistic for agreement in two groups was the same with using 

minimum score (Kappa=0.64, p<0.001) and the overall agreement was 88.6% (95% CI: 

79, 95). Children were no more likely to move down a score group than to move up a 

score group. The overall agreement in the categorisations among three score groups 
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(≤11, 12-14, ≥15) ranged from 58.6% to 62.9%. The weighted kappa showed the 

test-retest reliability was moderate (kappa=0.48-0.53, p<0.001). The median score on 

the CAST-1 was 13 (range: 2-21). The median score on the CAST-2 was 11 (range: 

2-24). The Spearman’s correlation coefficient between the two scores ranged from 0.70 

to 0.73. The Wilcoxon Signed Rank Test showed there was a significant difference 

between test pairs (p<0.001).  

 

4. Discussion 

 

4.1. Main findings 

 

This study is the first to investigate the reliability of the Mandarin CAST as a screening 

instrument for ASC in the Chinese population. Within an average of three months 

between completion of the two CAST questionnaires, the test-retest reliability across 

two score groups (<15 versus ≥15) was good (kappa=0.64, p<0.001). The test-retest 

reliability across three categories was moderate (weighted kappa=0.53, p<0.001). In 

addition, when treated as a whole scale, this study found a significant correlation 

between the CAST-1 and CAST-2 total scores (Spearman rho=0.73). The Wilcoxon 

tests found that there were possible differences in score distributions of the CAST-1 

and the CAST-2.  

 

4.2. Limitations  
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One limitation of this study was that although the high participation rate (97%) should 

have ensured the representativeness of the study sample for the population in those two 

schools. However, Beijing may not be nationally representative of the Chinese 

population due to its special political and economic status (National Bureau of 

Statistics of China, 2012), and therefore these results may not be generalizable to the 

Chinese population as a whole. Response bias could have been introduced: parents 

who agreed to participate in further assessment may be those who were more 

concerned about their children’s social and communication ability than the 

non-responders. The time gap between the CASTs was between two to four months 

and was not known precisely for each child. This is a short period but no major 

developmental changes would be expected to occur within this timeframe. The two 

CASTs were conducted in different settings; the CAST-1 was taken by students back 

home for their parents to complete while the CAST-2 was completed during the 

diagnostic assessment phase in a hospital.  

 

4.3. Comparison between the Mandarin CAST and other instruments 

 

Using similar research methodology, the test-retest reliability of the Mandarin CAST 

reported in this study was higher than the UK study in a high scoring sample (Allison 

et al., 2007). The differences in those two study samples should be acknowledged. 

Although both studies were conducted in a high scoring sample, the UK study did not 
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include children who scored ≤11 while this study included children from all three score 

groups.  

     The reported test-retest reliability of some screening instruments for ASC was 

higher than the Mandarin CAST (see Table 1). However, the current study adopted a 

different sampling strategy from previous studies of other instruments. This study was 

conducted in a high scoring sample within which 78.6% of the children scored above 

or around the cut-off. The difference in research methodology as well as the analytical 

methods between this study and previous studies made it difficult to compare their 

results directly.  

 

4.4. Possible cultural influences 

 

Despite the differences in study samples, this study found similar results to the UK 

study conducted in a high scoring sample. Both studies found that children were no 

more likely to move down a score group than move up in the CAST-2 compared with 

the CAST-1. It is possible that the child's behaviours rated as ASC-positive by the 

parents at CAST-1 were no longer noticed or reported by parents when they completed 

CAST-2. It is also possible some parents may have learned about the study was to 

examine a tool for autism from other parents whose children had already completed the 

assessment. It has been suggested that children with other psychiatric conditions in 

China may experience stigma from society (Ling, Mak, & Cheng, 2010; Mak & Kwok, 

2010). Since in the Chinese culture, the academic achievement of a child is considered 
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as the most important expectation by parents, it has been reported that children with an 

autism diagnosis are generally excluded by mainstream schools in mainland China. 

Thus, it is possible that even the parents had concerns about their children’s social and 

communication at CAST-1, they might have tried to complete the CAST-2 differently 

in order to demonstrate that their children did not have any problems. This could have 

contributed the lower score on the CAST-2. In addition, adapting screening instruments 

developed in one culture for another culture is not without difficulties. This is because 

the recognition of autistic traits in the original culture may have a specific set of 

behavioural norms and expectations, which are not necessarily the same as the culture 

in the adopted country (Wallis & Pinto-Martin, 2008). For example, one of the features 

for case identification of autism is the eye contact. However, looking directly into 

someone’s eye is not common in Asian culture as it is considered shameful (Le Roux, 

2002).  

 

4.5. Conclusion and future directions  

The test-retest reliability of the Mandarin CAST is moderate to good in a Chinese 

population. These data provide some evidence for the Mandarin CAST to be 

recommended as a candidate screening instrument for ASC in epidemiological studies 

in mainland China. Cultural aspects may be important in the adoption of a Western 

screening instrument for a Chinese population. Future research should use the 

Mandarin-CAST in a larger general population with the same informant, to further 

investigate the test-retest reliability.  
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