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The reliability and validity of Bayley-III cognitive scale in 

China’s male and female children 

 

ABSTRACT 

Background: Since publication in 2006, the Bayley-III scale has been used widely in pediatric 

populations worldwide; however, there have been very few studies which examined the 

usefulness and the potential sex differences in a Chinese context. 

Aims: To assess the reliability and validity of the Bayley-III cognitive scale, and detect possible 

sex differences in term children so as to provide evidence for clinical and research use in China. 

Study design: Cross-sectional study. 

Participants and outcome measures: Of the 1589 children from 3 healthcare institutions that 

were initially recruited, a total of 1444 children were included in the final analysis. We 

randomly selected 5-10% children from the total sample to evaluate the test–retest, inter-rater 

and criteria-related reliability in order to meet the psychometric criteria of Bayley-III scale. 

Inter-item consistency, test-retest and inter-rater reliability of the scale were estimated using 

Split-half method and Intra-class Correlation Coefficient (ICC). The content validity was 

evaluated by the Item-level Content Validity Index (I-CVI). The Mann-Kendall trend test was 

performed to assess trends of cognitive development, and post-hos Least Significant Difference 

test was used to detect age-appropriateness of items. 

Results: Six developmental pediatricians were trained to administer the Bayley-III cognitive 

scale. Inter-item consistency (n=1444) with Guttman split-half coefficient was above 0.8, while 

test-retest (n=144) and inter-rater reliability (n=74) had good to excellent ICCs of over 0.9. The 

criteria-related validity (n=74) of Bayley-III was acceptable, and associations with Gesell 

Developmental Schedules (GDS) were mainly above 0.8. The raw score of Bayley-III scale in 

total subjects (n=1444) showed an increased trend across all months of age (p<0.05), and only 

the score in age group of 35M16D to 36M15D declined in females (p<0.05, n=722). Female 

children presented a higher score than male children in all subjects and in the 18–23 months age 

group (p< 0.05). 
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Conclusions: Our findings provide important evidence for that the Bayley-III cognitive scale ia 

valid measurement which could be used in Chinese population the adjustment of 

age-inappropriate items in Bayley-III cognitive scale, as well as the consideration of sex 

differences when used in a Chinese context. 
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1. Introduction 

The Bayley Scales of Infant and Toddler Development-3rd Edition (Bayley-III) is a 

well-known psychometric instrument, which provides useful information for the early 

identification of infants who might have developmental problems [1].  Since publication in 

2006, the Bayley-III has been used widely in pediatric populations worldwide [2-11], and 

numerous researchers have confirmed the strong reliability and validity of the instrument [9-15]. 

The instrument enables the assessment of cognition, receptive 

communication, expressive Communication, Fine Motor 

Development, and Gross Motor Development of infants and toddlers from 1 to 42 months old, 

with five separated subscales accordingly. Compared with its previously published edition, one 

of the significant changes of Bayley-III is that the Cognitive Scale was created in an attempt to 

isolate cognitive skills from language skills [16, 17], which is important for the assessment on 

very young children, especially infants and toddlers with very limited languages skills. The 

Bayley scales have been used in various countries such as the Netherlands [18], Iran [19], 

Australia[20] and Asian countries [21, 22]. However, cross-culture difference has been 

reported [22] in different countries [13, 18, 23, 24]. In children with developmental disorders 

such as Autism Spectrum Disorder(ASD) [25, 26] and Attention and Attention Deficit 

Hyperactivity Disorder (ADHD)[27, 28], the cognitive level in their early childhood is usually 

one of the predictive indicators for their final diagnosis; and any difficulty in cognitive 

development can have a strongly negative impact on their daily life. However, careful 

evaluation is required when cross-culture differences are considered based on cognitive 
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development, and differences in cognitive developmental appear more difficult to be expected 

between different cultures [24]. Therefore, in the present study, we focused on the Cognition 

cognition subscale in Bayley-III to explore its suitability on Chinese children. Between different 

cultures, the implicit assumptions about values, knowledge and communication are inherent in 

the whole concept of developmental and psychological testing. Thus, cultural differences might 

affect test performance and scores, especially where item suitability and sequence has not been 

adapted to the local culture. In a longitudinal study, the cognitive level [24] at different 

developmental stages showed a wide gap between two cultural environments when measured by 

Bayley-III. In contrast to the United States, early childhood in China is characterized by vastly 

different childcare practices and different exposure to educational games, books, toys, and 

multimedia on television and computers. Therefore the item suitability and testing sequence of 

Bayley-III may be distinct when using this scale on children from a Chinese population. 

The other focus of the current study is to determine whether there are potential sex 

differences in early infancy between different cultures. Multiple differences between males and 

females, both in normal physiology and pathophysiology of diseases have been recently 

reported [29-32]. Histomorphometric studies confirmed a sexual dimorphism in human 

cerebral cortex, as males show higher average neuronal density, but have smaller neuronal 

units than females [33-35], which may have a potential influence on children’s 

neuropsychological function. Moreover, in traditional low-income environments such as rural 

China, families may emphasize the development of human skills that are more in favor of sons 

at the expense of daughters [36]. This could help explain the sex differences of psychomotor 
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development in children, which may also influence the suitability and testing sequence of 

Bayley-III items on different sexes when used in a Chinese context. Unfortunately, there have 

been very few studies which take into account these potential sex differences when Bayley-III 

is used in a different culture context. 

In this study, we aimed to 1) explore the reliability and validity of Bayley-III cognitive 

scale in term children across all ages as provided by the instrument. The objectives of this study 

were thus to analyze the reliability and validity of the Bayley-III cognitive scale in term children 

across all months of age in Mainland China, 2) explore the sex differences between male and 

female children when assessing the construct and known-group validity so as to provide 

evidence for adjusting age-inappropriate itemsdeveloping specific norms in Chinese children for 

clinical and research use. 

 

2. Methods 

2.1 Participants 

We conducted a cross-sectional study in mainland China from May to December of 2011. 

We used a stratified sampling technique, with area, sex, and months of age as stratification 

variables. A total of 1589 children aged between 16 days to 42 months were selected from 3 

children’s healthcare institutions in medium-sized cities distributed across 3 geographic regions: 

North China, Middle China and East China. The months of age were selected based on the 

categories proposed in the Bayley-III technical manual (total of 48 age bands). The inclusion 

criteria included: children who were born at term, born without significant medical 

complications, did not have a history of medical complications, and were not currently 
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diagnosed with or receiving treatment for mental, physical or behavioral difficulties. The 

exclusion criteria included: presence of confounding conditions or developmental risk factors 

such as hearing or vision impairmentwithout normal hearing or vision, taking medications that 

could affect performance or were admitted to hospital at the time of testing, and other nutrition, 

sleeping or infection problems during the clinical visit. 

Of the 1589 eligible children who were recruited, a total of 1444 children were included in 

the study (Figure 1). All information was kept confidential and was only accessible to the 

researchers. The study was approved by the Ethic Committee of Soochow University Children’s 

Hospital (201101), China. Written informed consent was obtained from the parents or legal 

guardians of the participants prior to the questionnaire survey. Oral parental consents were 

obtained prior to conducting the investigation and tests. 

 

2.2 Procedure 

The survey was conducted during the well-child visits in the participating children’s 

healthcare institutions. Nurses who took part in the check in and physical examination (weight, 

height and head circumference) were responsible for handing out the questionnaires to the 

children’s parents. Parents of participating children were asked to fill out the questionnaires 

according to the attached illustration. Six developmental pediatricians were trained to administer 

the Bayley-III cognitive scale. The testers became familiar with the examination 

according to the test manual by carrying out a series of practice assessments on 

several children who did not take part in the study. Any problems associated with test 

administration during the training period were clarified by the administrator of this study prior 
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to the test. The test environment was quiet and non-interfering, and all infants were required to 

be stable, sober and satiated. The testers encouraged the infants and toddlers to display their 

highest level of ability during the test. A trained pediatrician took the responsibility for 

conducting the entire test for each child in order to maximize both interpretation validity and 

assessment reliability. 

Additionally, we randomly selected 5-10% children from the total sample in to evaluate the 

test–retest, inter-rater and criteria-related reliability in order to meet the psychometric criteria of 

Bayley-III. One hundred and fourty four children across all months of age were randomly 

selected from the 1444 subjects who took part in the Bayley-III cognitive scale by the same 

tester (not the observed one) twice a week apart, in order to minimize drawing conclusions due 

to age-related changes in performance. Seventy-four children were randomly selected from all 

recruitment institutions and were tested by one tester while the other tester observed. The testers 

reversed their roles when half of the children completed the Bayley-III cognitive scale. Both 

testers scored each child’s cognitive performance simultaneously, but independently. A score of 

homogeneity or consensus is given by judges using a correlation analysis, and if various raters 

do not agree, then either the scale is defective or the raters needed to be re-trained. For 

assessment of the criteria-related validity, 184 children attended the GDS test a week after the 

second test of Bayley-III cognitive scale. 

 

2.3 Instruments 

The Bayley Scales of Infant and Toddler Development, Third Edition (Bayley-III) is an 

individually administered scale that assesses five key developmental domains in children 

https://en.wiktionary.org/wiki/homogeneity
https://en.wikipedia.org/wiki/Consensus
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between 1-42 months of age: cognition, language (receptive and expressive communication), 

motor (gross and fine), social-emotional and adaptive behavior. We first obtained formal 

permission to translate and validate the Bayley-III scale from the publishers (Pearson). We then 

started developing a Chinese version of Bayley-III, following the recommendations of 

Hambleton and Patsula (1999) and Herdman, Fox-Rushby and Badia (1998) for the translation 

and adaptation of a test, taking into consideration conceptual, item, semantic, operational, 

measurement and functional equivalences. Each step of this process was presented in the results 

section. The Chinese version of the Bayley-III was translated by a native Chinese speaker and 

independent professional who adapted the items into context and culture, and subsequently 

retranslated into English by two native English speakers who were blinded to the original 

version. The test manual and materials will utilized the same trademark, logo, and design as 

used on the English version of the test. In this study, we explored the reliability and validity of 

the Bayley-III cognitive scale. Further study on other sub-scales of Bayley-III will be conducted 

in the near future.  

The Gesell Developmental Schedules (GDS) was designed to provide a neurologic and 

intellectual assessment in infants and toddlers [37, 38]. The items are grouped into five main 

categories of functioning: the gross and fine motor skills, language development, adaptive 

behavior, and personal social behaviors. The results were expressed as developmental scores for 

the five categories. The Chinese version of the GDS was translated and revised by the Beijing 

Mental Development Cooperative Group (1985). It has been used widely in China to assess 

infant intellectual development for abnormality [39-41].  

http://europepmc.org/articles/PMC5047773/#r2
http://europepmc.org/articles/PMC5047773/#r2
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2.4 Statistical analysis 

The inter-item consistency was performed using Guttman split-half method. Coefficients 

above 0.75 referred to good reliability, and those above 0.5 were acceptable, while those below 

0.5 suggested poor reliability [42]. The Intra-class Correlation Coefficient (ICC) was used to 

examine both the inter-rater and test-retest reliability based on the raw score and composite 

score of the scale. ICCs above 0.6 referred to good reliability, those between 0.2 and 0.5 meant 

moderate reliability, and those below 0.2 suggested poor reliability[43]. 

We used GDS to assess the criteria-related validity using the Pearson correlation analysis 

because there were only a small number of measurements with Chinese norm available on the 

age range we focused on. Correlation coefficients above 0.70 were considered strong, below 

0.30 indicated weak, and those between 0.30 and 0.70 were moderate [44]. The known-group 

validity of the Bayley-III cognitive scale was assessed by comparing the composite scores 

between males and females at each age band using the two-dependent sample t-test. 

To evaluate the construct validity of the Bayley-III cognitive scale, the Mann-Kendall trend 

test was performed to assess trends of the scale’s raw score across all months of age. The 

Mann-Kendall trend test was a nonparametric test based on the Kendall rank correlation 

between the value of interest and time, which was used by Davenport in their study of the 

historical trend of child mortality [45]. Additionally, because the study design was 

cross-sectional across the months of age in infants and toddlers (not a repeated measurement 

data), we used a post-hoc Least Significant Difference (LSD) test to compare the means of raw 

scores between two adjacent age groups based on the categories proposed in the Bayley-III 
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technical manual, so as to provide the evidence for detecting any items which may not be 

suitable based on the months of age in Chinese children. 

 

3. Results 

3.1 The socio-demographic characteristics of the subjects 

Of the 1589 participants who were recruited in our initial study, 1444 children were 

included in the final study. Of the 1444 children, 722 were male (50.0%) and 722 were female 

(50.0%). These subjects were distributed almost equally across 48 age bands according to the 

Bayley-III technical manual. The mean age of the subjects was 16.14 months of age, with a 

standard deviation of 12.05. The socio-demographic characteristics of the subjects were shown 

in the Table 1. Differences between male and female children included head circumference, 

kaup index (a measurement of obesity based on height and weight that applies to children below 

8 years old), and mother’s vocation (p<0.05). However, there were no other significant 

differences related to socio-demographic characteristics between male and female children (p> 

0.05; Table 1).  

 

3.2 Reliability 

Inter-item consistency: The Guttman split-half coefficient of Bayley-III cognitive scale was 

0.803, suggesting that the Inter-item consistency of the questionnaire was good. 

Test-retest and inter-rater reliability: The study showed that ICCs for test-retest reliability 

(Table 2) raw score and composite score (the interval time of two tests were 1 weeks) were 

excellent, with all items above 0.9. ICCs for most of items, subscales and total score were above 

0.9 (Table 2). The result also showed that the test-retest reliability of Bayley-III cognitive scale 
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was excellent, with an ICC above 0.9. Furthermore, inter-rater reliability of raw score and 

composite scores were also good, with an ICCs above 0.9 for both (Table 2). 

 

3.3 Validity 

Criteria-related Validity: There were strong associations between the raw scores of 

Bayley-III cognitive scale and gross motor skills, fine motor skills, adaptive behavior and 

language of GDS with correlation coefficients above 0.8 for all categories (each p< 0.05; table 

3), which illustrated the acceptable validity of the scale. The Bayley-III cognitive scale was only 

weakly associated with social skills of GDS with a correlation coefficient of less than 0.3 

(p<0.05; table 3).  

Construct validity: The raw score of Bayley-III cognitive scale increased gradually across 

the months of age based on the categories proposed in the Bayley-III technical manual 

(Mann-Kendall trend test: p<0.05; Figure 2). A similar trend was also found in male and females 

(each p<0.05; Figure 2). The mean and standard deviation of each month age are shown in 

Figure 2-4. However, we observed a decreased mean score in several age groups compared with 

their adjacent groups (previous) in Figure 2-4. However, in the sample of all subjects, the 

reduction in mean scores in age groups of 30M16D to 31M15D(n=30), and 35M16D to 

36M15D(n=30) when compared with their adjacent previous groups were not statistically 

significant (the values of p were 0.23 and 0.74 respectively) (Figure 2). In males, we found that 

the reduction in mean scores in age groups of 30M16D to 31M15D(n=15), 32M16D to 33M 

15D(n=15), and 36M16D to 39M15D(n=15) (p values of 0.24, 0.55 and 0.94, respectively; 

Figure 2), which were not statistically significant. Interestingly, in females, we found that the 
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mean scores in age groups of 35M16D to 36M15D(n=15) were decreased significantly 

compared with its adjacent previous group (p=0.02). However, in other age groups of 23M16D 

to 24M15D (n=15), 29M16D to 30M 15D(n=15),  and 30M16D to 31M15D(n=15), the 

reduction in mean scores were not statistically significant (p values of 0.20,0 0.53 and 0.58, 

respectively; Figure2). 

Known-group Validity: Female children presented generally higher composite scores than 

male children based on the total score from 0 to 42 months of age (p< 0.05; Table 4). However, 

when we divided the subjects into seven age bands, there were differences in both raw and 

composite scores between male and female children at 18–23 months of age (p<0.05; Table 4). 

 

4. Discussion 

Our study sheds light into the suitability of applying Bayley-III cognitive scale in a 

Chinese population. To our knowledge, this is the first study which explored the reliability and 

validity of Bayley-III scale across children of all months of ages in Mainland China, with a 

specialized focus on sex difference. Our results showed a good to excellent reliability and 

validity of Bayley-III cognitive scale, and found that girls generally performed better than boys 

on the  Bayley-III cognitive scale according to its total score across all months of age. 

Additionally, we observed that the test score decreased 

with ages in some group of Chinese females, which suggested a slightly different developmental 

trajectories concerning cognitive development in females.

been inappropriate with regards to the testing sequence based on American norms, which 

suggested a need to adjust the testing sequence of items when using Bayley-III in Chinese 
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children. Further, sex differences in the scale may also need to be considered in future studies. 

The inter-item consistency assesses whether parts of an assessment are in fact measuring 

something similar to what the whole assessment claims to measure [46]. According to our 

results, the Chinese version of Bayley-III cognitive scale seems to be reliable in a Chinese 

population when considering its internal consistency compared with the original and other 

versions in different languages. The strong test-retest reliability (ICC) of the scale indicated that 

the results were stable over time (did not vary at one week intervals), which was consistent with 

those in the English version of Bayley-III scale, as well as those used in other countries [6] and 

listed in the technical manual [47]. Our study also indicated a good inter-rater reliability. These 

results may be due to the fact that testers had received prior training on the application of the 

Bayley-III cognitive scale, which can enable the reliable assessment of term children in China. 

Our results are consistent with previous reports for the instrument in Taiwanese children at 4 to 

24 months of age [14], English children between 29 to 41 months of age [48], and Nepalese 

children across all months of age (1-42month) [9]. 

In our current study, the selected aspects of validity for Bayley-III cognitive scale involved 

the criteria-related, construct, and known-group validity. Evidence of criterion-related validity 

of Bayley-III cognitive scale was provided by the comparison with the GDS used in this study. 

Both scales cover a wide variety of skills organized in a developmental sequence, in order to 

identify infants and toddlers with developmental delay. In our study, the Bayley-III cognitive 

scale (raw score) was highly correlated with the gross motor skills, fine motor skills, adaptive, 

and language of the GDS (>0.8), and was weakly associated with social skills. This result is 
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inconsistent with results from an American population, and as reported in the technical manual 

of Bayley-III, the scale was not strongly correlated to any of the comparison tests. It had been 

reported that the cognitive level during infancy and toddlerhood was closely related with their 

performance of motor and language [49-51]. However, the strong correlations of cognitive scale 

with the GDS indicate that this cognitive scale of Bayley-III may have actually measured 

something else (the gross motor skills, fine motor skills, adaptive, and language) other than 

those other items. Therefore, the conflicting results in our study in relation to the technical 

manual may need to be confirmed in further studies [47]. 

The construct validity is also important for deciding the suitability of Bayley-III cognitive 

scale. We observed an increasing trend of children’s cognitive performance across all months of 

age based on the categories proposed in the technical manual of Bayley-III. When we further 

compared the mean of raw scores between two adjacent age groups, the results showed the raw 

score of Bayley-III cognitive scale increased gradually in infants. However, we found that the 

raw score had actually decreased over some adjacent older age bandsbetween a few 

comparisons. This may be explained by the differences in child-rearing practices under different 

cultures, which can hasten or delay the onset of specific skills that are measured using the 

Bayley-III scale [52]. Furthermore, experiences with different types of environments or toys can 

affect how children perform on specific items [24]. Interestingly, the statistically significant 

findings were only found in females, where the score declined in age group of 35M16D to 

36M15D compared with its adjacent previous group. This suggests that sex differences should 

be considered when we evaluate the Bayley-III scale’s suitability in China. 
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In order to further differentiate the sex differences in Chinese children, we assessed the 

known-group validity of the Bayley-III cognitive scale in male and female children by 

comparing the raw and composite scores. Female children presented generally higher composite 

scores in all subjects aged from 0 to 42 months of age. Previous research has found that girls 

consistently outperformed boys in specific and general language performance in typical 

developing children [32], which significantly influenced the cognitive ability in toddlers. Such 

psychometric sex differences may reflect the structural cortical differences 

between males and females, where females were associated with the greater number of neuronal 

connections, which may result in the superior memory and language ability in females

 [35, 53].

 

Memory is one of the primary core cognitive abilities [54-57], and language performance also 

has a positive influence on cognitive ability in early childhood [24]. Additionally, we observed 

the sex differences in children aged 18–23 months when we divided the subjects into seven age 

bands. The age band of 18-23 months is one of the important stages for children in developing 

cognitive and language milestones [58, 59]. The sex difference may likely have emerged from 

this age band. Further research is needed to examine the stability of sex difference across 

different age bands. Moreover, our results disagreed with the assumption that Chinese families 

may emphasize the development of human skills that are more in favor of sons at the expense of 

daughters. A possible explanation may be that our sample of infants and toddlers are brought up 

in a more contemporary society, where the preference for sons over daughters has less of an 
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influence compared to older generations.  

Additionally, the composite scores for the Bayley-III cognitive score in both male and 

female children were higher than the norms of mean (SD) score of 100 (15), and we did not find 

children with developmental delay (composite score less than 70) in our subjects, which is 

similar to previous findings that showed developmental outcomes were often overestimated and 

consequently this underestimated the disabilities in full term children [14]. Additionally, in our 

study, the majority of subjects were typically developingment children, which is different from 

the standardization sample listed in the technical manual. Approximately 10% of the 

standardization sample from American population included children selected from the special 

group studies with clinical disorders (e.g. Down Syndrome, cerebral palsy, pervasive 

developmental disorder, premature birth and at risk for developmental delay) [47]. Consequently, 

the inclusion of children with disabilities in the normative sample might lower the mean score, 

which may limit the tests’ ability to diagnose children with mild disabilities. 

 

 

Our study showed a good to excellent reliability and validity of Bayley-III cognitive scale. 

Therefore, it is possible to use it for children aged 1-42 months in China. 

However, a nation-wide survey with all subscales is still needed because of the socio-economic 

varieties in different areas of China. Other important findings were that girls generally 

performed better than boys, and girls showed a slightly different developmental trajectory from 

boys on Bayley-III cognitive scale. Developing a sex-specific norm or a adjustment for 
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cut-off score of the scale in different sex may deserve to be further considered in our further 

study in future studies. Unfortunately, we did not provide the information of which specific test 

items were inappropriate with regards to the testing sequence based on the American normsH in 

our study.owever, it is the fact that At present, China still lack of validthe neurobehavioral 

measurements for children which could be compared with those in other nations. Therefore, it is 

important to preserve the international comparability of Bayley-III when it is used in Chinese 

population. Therefore, we should  change the sequence of items delete the age-inappropriate 

items or change the sequence of items with great caution, and may consider these changes based 

on a study with lager and national samples. This could potentially lead to a child with 

disabilities not being detected and not being referred to an appropriate intervention program in 

the clinical settings, if the testing sequence remained the same when applying the Bayley-III 

scale on Chinese children. Moreover, the sex difference should be considered when we adjust 

the testing sequences and establish the Chinese norms in future studies. The identification of the 

sex-related psychomotor development could be of particular interest when further evaluation 

criterion and interventions are set up. Additionally, sSimilar to previous literature, our results 

also showed an overestimation of the developmental outcome and underestimation of the 

cognitive disability, however, these results might be due to differences in the samples between 

our study and the technical manual. A varying degree of upward adjustment of cut-off score of 

the scale is also recommended for the accurate identification of developmental delay. 
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